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1. 

3,071,705 
ELECTROSTATIC PROPULSEON MEANS 

William J. Coleman, Port Jefferson, and Daniel F. De 
Santo, Huitington Station, N.Y., assignors to Grum 
-man Aircraft Engineerig Corporatics, Bethpage, 
N.Y., a corporation of New York 

Filed Oct. 6, 1958, Ser. No. 765,661 
12 Claims. (Cl. 313-63) 

This invention relates to electrostatic propulsion means, 
and more particularly to means for propelling air and 
other fluids by electrostatic forces acting upon such fluids 
and for propelling devices through air and other fluids by 
such forces. 

It is well known that if an electrically-charged conduct 
ing surface has a relatively sharp point, a large part of the 
charge will concentrate in the neighborhood of the point, 
thus producing a high electrostatic stress in the air sur 
rounding the point, Free electrons present in this region 
of air will be accelerated so strongly by the elctrostatic 
force that by collision with neutral gas molecules they will 
strip or knock loose other electrons from those molecules. 
Thus, electron-positive ion pairs will be created and the 
cumulative collision process known as corona will result. 
Further, if the pointed conductor is positively charged, the 
positive ions present in the corona discharge will move 
away from the point because of Trutual electrostatic re 
pulsion, while the negative electrons will be attracted to 
the conductor. Neutral molecules will be struck by the 
repelled positive ions and momentum will be transferred 
from the ions to the air mass in the vicinity of the point, 
thereby generating a flow of air. This flow Cfair, or So 
called “electric wind,' will be in directions radially out 
ward from the point of the positively charged conductor 
and therefore of little or no use as propulsion means. 
In order to provide a useful and eficient device, the flow 
of air must be concentrated in one direction. 

Accordingly, it is the primary object of this invention 
to provide in the vicinity of the ionization point of a 
corona discharge device of other ionization means, an 
electrostatic field whose lines of force are concentrated 
along a desired flow axis originating at the ionization 
point whereby practically all of the ions produced, along 
with entrained neutral molecules, will flow in the desired 
direction. Further thereto, it is an object to provide in 
the vicinity of such ionization means, a conducting Sur 
face electrically energized and so shaped in cross-section 
as to produce an electrostatic field in the desired direction. 

It is a further object to provide means downstream of 
the ionization point to further restrict the electrostatic 
field to a downstream direction. Further thereto, it is 
an object to provide a conducting Surface or Surfaces a 
variable distance downstream of the ionization point to 
establish an end point for the lines of force emanating 
from the electrically energized conducting Surface and 
ionization point, thereby preventing the electrostatic field 
from diverging while allowing substantially uninpeded 
airflow. 

It is a still further object to provide downstream of the 
ionization point, electrostatic field or fields having lines 
of force substantially parallel and in the downstream di 
rection to confine the airflow in the desired downstream 
direction. 

Other objects of the invention, as well as the advantages 
thereof will become apparent from the following descrip 
tion when read in conjunction with the accofilpanying 
drawings in which: 

FIG. 1 is a cross-sectional view schematically illustrat 
ing one embodiment of the invention; 

FIG. 2 is a cross-sectional view schematically illustrat 
ing another embodiment of the invention; 
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FIG. 3 is a perspective view of still another embodi 

ment; and 
FIG. 4 is a cross-sectional view of the device of FIG. 3 

provided with additional means for preventing the electro 
static field from diverging. 
As shown in FIG. 1, the device of the present invention 

comprises an ionization head 10 threadedly mounted for 
longitudinal adjustment upon one end of a C-shaped 
bracket or connector 11, which in turn is fixedly attached 
to a toroid 12 whose axis coincides with that of the head 
10. A suitable high voltage D.C. source 13 has one 
terminal connected to the toroid 12 and another terminal 
connected to ground. 

It is characteristic of electrostatic lines of force that 
they concentrate in those places on the surface of a con 
ductor where the radius of curvature is the least; that they 
are normal to the surface from which they emanate; and 
that such lines of force do not cross one another, but when 
influenced by Such lines emanating from another body, 
will cause one another to bend and thereby change direc 
tion. With this in mind, it will be noted that the cross 
section of the toroid 12 is such that the lines of force 
emanating therefrom upon the application of a positive 
charge from the voltage source 13 would be concentrated 
in the direction of the arrow A. However, because such 
lines of force and those emanating from the ionization 
head 10 will not cross one another, the lines of force 
emanating from the toroid are bent outwardly while the 
lines of force emanating from the ionization head 10 are 
bent inwardly or compressed to thereby take a desired 
downstream direction as shown by the arrows on the 
ends thereof. Since the positive ions in the vicinity of 
the positively charged ionization head 10 are - repelled 
from the head and travel along the lines of force, and 
since momentum will be transferred from the ions to the 
air mass, a flow of air is generated in the direction of the 
"flow' arrow. The air, as it moves to the right, is replen 
ished by an inflow of air through the toroid, thereby en 
suring continuous operation of the device. 
As previously indicated, the head 10 is mounted for 

longitudinal adjustment. Thus the head may be positioned 
with respect to the toroid 12 to vary the resulting airflow 
and to permit the optimum placement thereof to obtain 
the greatest airflow possible under different operating con 
ditions. 
As shown in FIG. 2, means for ionizing the air comprise 

a heating element 14 positioned on the axis of the toroid 
i2 and supplied with an electric current from a source 
5. The high voltage D.C. source 13 is connected to the 

toroid 12, which in turn is connected by means of a con 
ductor 16 to the negative side of the source 15. The 
operation of the device shown in FIG. 2 is similar to that 
of the FIG. 1 device and further explanation is therefore 
deemed unnecessary. 

Referring now to FIG. 3, there is shown a device which 
utilizes an ionization head 10 and toroid 12 similar to 
those shown in FIG. I, and provided with means down 
stream thereof to establish an end point for the lines of 
force emanating from the ionization head and the toroid. 
Such means comprise a streamline-shaped metal target 17 
connected to and Supporting a metal ring 18. As shown, 
the rositive terminal of the high voltage source 13 is 
connected to the toroid 12, while the negative terminal 
thereof is connected to the target 17. The target 17 and 
ring 18 connected thereto thereby become sources of 
electrons which neutralize all of the ions striking the 
Surfaces of the target and ring. Since substantially all of 
the icns repelled by the head 10 will strike either the 
target 17 or the ring 18, a closed circuit is thereby 
established which permits operation of the device with no 
appreciable net accumulation of charge. 
The ionization head 10 is mounted upon the connector 
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11 for longitudinal adjustment as in FIG. 1, and is pro 
vided with a plurality of needle points 19 which are sym 
metrically spaced in rows around the head and which are 
given a positive charge from the source 13 so as to secure 
positive ion flow. The longitudinal adjustment of the 
ionization head permits the optimum placement of the 
head with respect to the toroid, as indicated hereinabove 
with reference to FIG. 1, while additional control means 
may comprise provision for varying the distance between 
the toroid and the downstream metal ring and target. 

In the arrangement shown in FIG. 4, a series of metal 
rings 20-22, each charged to a D.C. potential, are posi 
tioned between the toroid 12 and the downstream ring 18. 
As shown, the rings 20-22 are connected through resistors 
23-26 to each other and to the toroid 12 and the ring 18. 
The resistors are preferably so selected to provide a linear 
potential gradient between the toroid 12 and the grounded 
ring 18 whereby a constant strength electrostatic field 
between the toroid 12 and the ring 18 is obtained. The 
advantage in so selecting the resistors and thus obtaining 
such electrostatic field is that the repelled ions will fall 
through equal potential increments between collisions 
with molecules, regardless of their downstream position, 
and each ion will therefore gain equal increments of kinet 
ic energy between collisions. Thus, the energy transfer 
from the ions to neutral molecules will be evenly spread 
over the entire volume between the ionization point and 
the ring 18 and target 17. A further and possibly greater 
advantage is that a constant strength electrostatic field con 
sists of parallel electrostatic lines of force in the down 
stream direction, thereby providing further means for 
maintaining the ion flow in the desired downstream direc 
tion. 
From the foregoing, it will be apparent that the inven 

tion provides highly effective apparatus for propelling 
fluid mediums such as air. By the ionization of molecules 
and the concentrating of electrostatic lines of force along 
and in the direction of a desired flow axis, the ions so 
produced are caused to move in the desired direction. 
Momentum is transferred from the moving ions to the 
fluid mass, thus creating the desired fluid flow. 
Although shown and described in what is believed to 

be the most practical and preferred embodiments, it is 
apparent that departures therefrom will suggest themselves 
to those skilled in the art and may be made without depart 
ing from the spirit and scope of the invention. We there 
fore do not wish to restrict ourselves to the particular 
forms of construction illustrated and described, but desire 
to avail ourselves of all modifications that may fall within 
the scope of the appended claims. 

Having thus described our invention, what we claim is: 
1. An electrostatic propulsion device comprising means 

for ionizing a fluid, an electrically energized conducting 
surface positioned relative to said ionizing means and 
adapted to produce an electrostatic field whose lines of 
force concentrate along an axis subtsantially passing 
through said ionizing means, those lines of force emanating 
from said ionizing means, a plurality of conducting Sur 
faces spaced from each other and downstream from said 
electrically energized conducting surface, a connector be 
tween said electrically energized conducting surface and 
that conducting surface of said plurality of conducting 
surfaces nearest thereto, connectors between adjacent con 
ducting surfaces of sail plurality of conducting surfaces, 
and a connection to ground from that conducting surface 
of said plurality of conducting surfaces most remote from 
said electrically energized conducting Surface, said con 
nectors including means to provide a linear potential 
gradient between said electrically energized conducting 
surface and said grounded conducting surface. 

2. A device as set forth in claim 1 wherein said electri 
cally energized conducting surface is a toroid having its 
axis coincident with that of said ionizing means. 

3. A device as set forth in claim 1 wherein said plural 
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4. 
ity of conducting surfaces comprise metal rings whose 
axes are coincident with that of said ionizing means. 

4. An electrostatic propulsion device comprising means 
for ionizing a fluid in the vicinity of a point, a toroid up 
stream of said point and Surrounding said means and 
having its axis coincident with that of said means, means 
for electrically energizing said toroid, said toroid being 
adapted to produce upon energization an electrostatic 
field whose lines of force concentrate about said axis and 
in the downstream direction thereof, those lines of force 
emanating from said ionizing means, a plurality of metal 
rings spaced from each other and downstream from said 
toroid and having their axes coincident with the axis of 
said toroid, a connector between said toroid and the ring 
nearest thereto, connectors between adjacent rings, and a 
connection to ground from that ring most remote from 
said toroid, said connectors including means to provide a 
linear potential gradient between said toroid and said 
grounded ring. 

5. A device as set forth in claim 4 and including a 
grounded conducting surface positioned on the axis of 
and in the plane of the ring most remote from said toroid. 

6. An electrostatic propulsion device comprising means 
for ionizing a fluid in the vicinity of a point, and conduct 
ing surface upstream of said point, a source of electric 
potential connected to said conducting surface, said con 
ducting surface being adapted to produce an electrostatic 
field whose lines of force concentrate along an axis sub 
stantially passing through said ionizing means those lines 
of force emanating from said ionizing means, target means 
spaced downstream from said conducting surface to 
establish an end point for said electrostatic lines of force, 
and means connecting said target means to the negative 
side of said source of electric potential. 

7. An electrostatic propulsion device comprising means 
for ionizing a fluid in the vicinity of a point, a toroid up 
stream of said point and surrounding said means and 
having its axis coincident with that of said means, a source 
of electric potential connected to said toroid, said toroid 
being adapted to produce upon energization an electro 
static field whose lines of force concentrate about said 
axis and in the direction thereof those lines of force 
emanating from said ionizing means, target means spaced 
downstream from said toroid to establish an end point for 
said electrostatic lines of force, and means connecting 
said target means to the negative side of said Source of 
electric potential. 

8. An electrostatic propulsion device comprising means 
for ionizing a fluid in the vicinity of a point, a toroid up 
stream of said point and surrounding said means and 
having its axis coincident with that of said means, means 
for electrically energizing said toroid, said toroid produc 
ing upon energization an electrostatic field whose lines of 
force concentrate about said axis and in the direction there 
of those lines of force emanating from said ionizing means, 
a plurality of metal rings spaced from each other and 
downstream from said toroid and having their axes coinci 
dent with the axis of said toroid, a connector between said 
toroid and the ring nearest thereto, connectors between 
adjacent rings, and means connecting that ring most re 
mote from said toroid to the negative terminal of said 
electrical energizing means, said connectors including 
means to provide a potential gradient between said toroid 
and that ring connected to said negative terminal. 

9. An electrostatic propulsion device comprising means 
for ionizing a fluid in the vicinity of a point, a toroid up 
stream of said point and surrounding said means and hav 
ing its axis coinciding with that of said means, means for 
electrically energizing said toroid, said toroid being adapt 
ed to produce upon energization an electrostatic field 
whose lines of force concentrate about said axis and in the 
downstream direction thereof those lines of force emanat 
ing from said ionizing means, a plurality of metal rings 
spaced from each other and downstream from said toroid 
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and having their axes coincident with that of said toroid, a 
connector between said toroid and the ring nearest thereto, 
and connectors between adjacent rings, said connectors 
including means to provide a linear potential gradient be 
tween said toroid and the ring most remote therefrom. 

10. An electrostatic propulsion device comprising 
means for ionizing a fluid in the vicinity of a point, means 
positioned relative to said ionizing means for creating an 
electrostatic field whose lines of force concentrate about an 
axis those lines of force emanating from said ionizing 
means, a plurality of conducting surfaces spaced one from 
another and downstream from said ionizing means and 
said electrostatic field creating means, connectors between 
adjacent conducting surfaces, and means for electrically 
energizing said conducting surfaces, said connectors in 
cluding means to provide a linear potential gradient be 
tween said conducting surfaces. 

11. An electrostatic propulsion device comprising means 
for ionizing a fluid in the vicinity of a point, means posi 
tioned relative to said ionizing means for creating an elec 
trostatic field whose lines of force concentrate about an 
axis those lines of force emanating from said ionizing 
means, a plurality of rings spaced from each other and 
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downstream from said ionizing means and said electro 
static field creating means and having their axes coincident 
with that of said ionizing means, connectors between ad 
jacent rings, and means for electrically energizing said 
rings, said connectors including means to provide a linear 
potential gradient between said rings when energized by 
said energizing means. 

12. A device as set forth in claim 9 wherein the ring 
most remote from said toroid is connected to ground. 
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