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UNITED STATES

2,004,352 .

PATENT OFFICE

. 2004352 _
ELECTROSTATIC GENERATOR ,
Alfred W. Simon, Eagle River, Wis. -
_Application July 5, 1033, Serial No. 819,074
6 Clalms. (CL 171—329)

This invention has general reference to electro-
static generators, or devices for producing an

| electrostatic difference of potential by mechani-

cal transportation of electric charges against the

s Eradient of potential of an electrostatic field.
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15

Such electrostatic generators.as I have reference
to may be known as static machines, or as volt-
age multipliers, depending upon the manner in
which they are used. The essential principle. of
operation, however, is the same in either case,
as will be brought out hereinafter, and the two
forms of the devices are properly classed to-
gether under the name of electrostatic genera-

tor. The:'present invention will: aceordingly be

described -with-both forms in 3lew.. i1 -
. In static machines a3 htretofore tonstructed,
the carrier element, or elements, 'whose function
it is to physically transport or carry the electric
charges against the gradient of potential, con-
sists ususlly of a rotating disc of dielectrie, with
or without metallic sectors (depending on the
type of machine, i. e. whether it is a sectorless or
sectored machine). The electric charges are
either induced directly on the metallic sectors
or deposited on the surface of the sectors or the
surface of tha rotating disc by means of gase-
cus ionizstion (corona) produced in the space
tetween the surface of the sector or disc and
the “comb” of the neutralizing rod placed neer.
In the first case, where the charges are directly
induced on the sectors, the brush of the neu-
tralizing rod makes direct contact; in the other,
where gaseous ionization is utilized, the brushes

- or combs of the neutralizing rod are out of con-

49

tact. with but near the sectors. The essential
function of the carrier or carriers, after charge
is induced on them, is to trensport this charge
awsy fr~m the vicinity of the inductors, drawing
it sw-y :geinst the atiraction of the charge on
the indtctors, and so doing work which appears
as increased eiectrical energy and therefore in-
creased difference of potential between inductors
and carriers. The charge in the case of sectored
machines is carried in the form of charges re-
siding on the surfaces of the sectors; in the case
of sectorless mechines, as charges residing on the
surface of the rotating dielectric plate or disc.
The curreni delivered by such a machine is
proportional, other things being equal, to the

speed of the carrler or carrers, and it is there--

fore desirable to increase the speed of the rotat-
ing plate (which either forms the carrier itself,
in the case of sectorless machines, or is the ve-
hicle by which the metallic sectors are carried
around, in the case of sectored machines) as

much as possible, However, since this plate must '
be composed of & solid dielectric material, such
‘as glass, ebonite, etc., it is difficult, due to the
low tensile strength of such substances, to drive
them at the great speeds without danger of &
breakage.

Also in order to increase the voltage delivered
by such a mechine it i3 necessary to increase the
diameter of the rotating plate, which again ne-
cessitates slower speeds and greater expense due 10
to the diffcultr of manufacturing large discs of
solid dieléctric material (e. g. Pyrex glass). .

1t is.a primary object of my invention to provide
an improved static machine, or more generally
speaking, sn improved- electrostatic generator, I8
and especially one wherein the usual moving solid
dielectric carrier of the electric charges Is elimi-
nated. :

Instead of utilizing the usual comparatively
-large, solid dielectric carrier member for the elec- 20
tric charges, my invention employs a - gasecus
carrier, the. electric charges existing in the form -
of eléctrically charged particles or jons (gas lons
or finely divided liquid or solid particles sus-
pended in a gas) carried or propeiled up the grade 25
of potential by a forced circulation of this gase-
ous carrier. It will readily be seen that this
method allows very high speeds to be attained
and -so permits large currents {0 be delivered.

Also the departure from e large moving solid 30

dielectric greatly simplifies the insulation of the
various parts of the machine, since it is not nec-
essary to employ insulstion materials of great
mechanical strength. Also it is not difficult or
expensive to construct machines of this type on 38
a considerable scale—an imperative requirement
if high voltages are to be obtained. Furthermore,
_the use of a gas as the carrier greatly reduces the
leskaze which always occurs along the surface
of dlelectric plates due to their imperfect Insu. 40
lating qualities. Asis well known & gas is a much
more perfect insulator than most solid substances.
The ways in which the invention can be car-
ried out are various, the essential feature in each
cese being, however, a forced and confined circu- 48
lation of a gas containing ‘electrically charged
particles, which may be either gas lons, or charged
foreign particles carried along by the gas. In
order to demonstrate how the invention may be
carried out & number of designs of machine wiil 50
be described, although it must be understood that
the broader aspects of the invention are not to
be linited to the particular forms of machine
described, since any form of machine employing
a forced circulation of & confined gas containing
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electrically charged particles will fall under the The collector is shown provided with a discharge
broed scope of this invention. ball 28, R

Several possible forms of the invention are A vigorous circulation of the gas in the insulat-
shown in the accompanying drawings, wherein: ing tube is maintained by the blower or pump.

the invention; : " culation is from the inductor 28 to the collector
Fig. 2 is a transverse section on line 2—2 of 28. The ionizing electrode (4§ is permanently -

Fg. 1; - : grounded and the inductor 20 is given initially a
Fig. 3 is a transverse section on line 3--3 of sufficient charge to produce gaseous ionization or

Fig. 4 is a diagram of a double unit voltage The apparatus then functions as follows: "
multiplier; : ' . Let it be supposed that the inductor 29 is given

Fig. 5 is a diagram of a modified double unit a positive charge or sufficient magnitude to pro-
voltage multiplier; ' - _ Guce gaseous ionization or corona within the cir-
. Fig. 6 is a perspective view of a closed system . culating gas in the zor-e immediately surrounding 38
static machine jn accordance with the invention: the inner ionizing electrode 1$. The application

Fig. 7 is a centra! sectional view of the tube of this charge to the inductor creastes an electro-

of the machine of Fig. 6; static field between the inductor and the ionizing
Fig. 8 is a view sixllar to Fig. 7 but showinz electrode (8, and due to the relative. physical
a8 modified arrangement oi the machine; shapes and areas cf the inductor and electrode, 20

Fig. 8 is a longitudinal detail section of a rec- and the fact that the radius of curvature of the
fangular tube having & modifled electrode and former is much greater than 'the radius of curva-~
inductor arrangement, being a view taken on line ture of the latter, this field will be of much higher

$—$ of Fig. 10; : gradient at the side adjacent the small ionizing .
Fig. 10 is a transverse section taken on line elcctrode than at the side adjacent the inductor, 2%
f—10of Fig. 9; The charge applied to inductor 28 (or the poten-

Fig. 11 is u view of a modified form of machine; tial difference between inductor and ejectrode)
Fig. 12 is g vertica] longitudinal s_ection of the must be sufficient to produce an electrostatic

machine of Fig. 11; and field adjacent electrode- {§ which is suMciently
Fig. 13 is a section taken on line 13—i3 of hikh to produce gaseous ionization or corona ina 39
Fig. 12: . X layer or zone about that electrode; and the exist-

. Fig. 1 shows & simplifiled embodiment of the ¢nce of this condition means that in a zone near
invention in a form which may be considered a&s the electrode both positively and negatively elsc-’

& voltage multiplier. Numeral 10 designates a trified gas particles or ions are produced. If
dielectric insulating tube, of Pyrex glass or other there were no circulation of gas the negative fons, 3%
suitable material, connected at its inlet end {1 due to the attraction of the positively charged =
with a tube {2 leading from & suitéble fan or inductor, would migrate across and attach thems.
blower, conveniently deslgnated at 12. In Fig..1 selves to the inner wall of the dijelectric tube next
the opposite end of tube {0 is shown as discharg- to the inducior, while the positive ions, due ¢t~ the
ing to atmosphere, although if desired the tube repulsion exerted on them by the positively 40
may be arranged for closed circulation in the charged inductor, would be driven in to the fnner
manner hereinafter disclosed in connection with electrode. When a sufficient number of the
Fig. 6. negative fons had migrated across and attached -

Insulating tube 18 carries pear its inlet end 8 themselves to the imner wall of the tube, the .

support {5 for an ionizing' electrode. 6, the elec- corona would stop, for then the electric charge of 45
trode here shown being in the form simply of & the inductor would be “bound” by &n equal and
centrally mounted wire, although It may take opposite charge on the inner wall of the tube and
other forms such as those hereinafter described. could exert no effect on the ionizing eiectrode to
The elecirode support, which is preferably elec- produce further ionization or corona——that is to
trically conductive, Is shown with a binding post say, under these conditions the system would 50
I1 for an electrical ground connection I8 for the come to equilibrium. I would then have essen-
electrode. Around tube 10 opposite electrode I6 tislly a charged condenser, of which the inductor
Is the inductor 20, here shown in the form of a formed one plate, the inner wall of the tube the
metallic cylinder on the outside of the tube, al- other, and the material of the tube the dielectric,
though vhe inductor may be and often preferably The result could alse be described by saying that 53
is on the inside as hereinafter mentioned. This the charge of the ionizer had leaked across to the
inductor is shown with & binding post 2{, to which inner surface of the wall of the glass tube. ‘
is connected a wire 22 leading to a battery 23 or However, with a circulating instead of s sta-
other means for producing & difference of poten~ -tionary ges, the negsative jons, as they attempt to
tial, the other side of the batlery being grounded. migrate across toward the inductor, are caught by 60
This source of electromotive force is of advantage, thegasstream and are swept along by it, the rel-
though not basically essential in all cases, and the 8tively low gradient field adjacent the inductor
device will first be considered without it. At 24, being of insuficient intensity to move the ons to
at an appropriate distance beyond the electrode the inductor in the presence of the gas stream
and surrounding inductor, is & collector, and the UP the tube. Thus, instead of travelling across 65

. collector mey be simply another conductor pass- L€ tube and lodging on the inner wall next to the

70

k1

: : Inductor, the negative iofis are carried along ti

ing through the wall of the insulating tube beyond arg ! ong the
the inductor in the direction of gas circulation, t.%lhb: ;Iolsitt?:e ?gf: té?n of circulation of the gas.
although a comb type collector substantially as pyop o cier 0 & sgg:::gt“tg attracted by the <0
used on the usual rotating disc static machine, 14 oro held by the inner aecuidfnﬁdemt{ﬁd' ‘
or a Faraday cage (metallic cylinder with ends pot carried up the tube by the gas bh::e ’I‘;::
closed by discs of wire screen) may be used to ad-  effect of the inductor continues now unabated
vantage, The form here shown is simply a con-

and more negative ions are continu;
ductive cylinder placed in the wall of tube 18, and immediately carried along the t\ﬁg Imer: 7‘
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obtains therefore under these conditions, 1. e,
with a circulating gas, a continuous stream of
electric charges of one sign, or an electric convec-
tion current, passing along the length of the tube.

In order to make this current available it is
only necessary to insert the collecting electrode at
some point in the stream beyond the inductor, to
which collecting electrode the gas ions (cha.rzed
particles) will give up their charges.. -

An important point is to be noted in connection
with the stream of charges. Since the positively

cuarged inductor exerts an attractive force on.

the negative lons in the stream, against which
attractive force the jons are drawn away, work
muet be done, i, e., energy must be expended,
and this work must appear as increased electri-
cal energy and therelore also increase potential,
of the charges ss they travel along the tube.
Also, as the collector charges up, it will exert
a repulsive force on the gimilarly charged oncomn-
ing ions, against which repulsive force the jons
must be moved, which means that additional
energy must be expended or work done to bring
the ions up to th+ collector. All this work, it is
veadily seen, ts done by the gas blast, since it
propels the jons up the tube against the forces
exerted on them by inductor and collector.

A disadvantage of the simple form of machine
just described, namely, wherein the inductor. Is
given an initial charge, is that, due to the leak-
ave which inevitably occurs in practice due to
imperfection of iasulating materials, the charge
originally given i{o the inductor may graduslly
leak away, so that the inductor would have to be
frequen:ly recharged. This condition can be
easily remedied, however, by permanently con-
necting the inductor to a source of constant
poter:iz' ag the battery, generator, etc., indi-
cated in 7g. 1 at 23, which maintains the poten-
tial, and therefore also the charge; of the in-
ductor at a constant value, in spite of the leakage,
which always occurs in practice, -

Pror: & certain point of view, to be immedi.
ately =t forth, the two simple forms of machines
Just described may be called voltage muitipliers.
When the jons ere very close to the inner elec-
trode they have approximately the potential of

" this electrode, and since between the inductor

55

and the fonizing electrode & source of potential
is inserted, the potential difference between the
jons and the inductor, just &s the ions leave the
fonizing electrode, will be the voltage of this
source. However, as stated ebove, in order to
draw the ions up the tube ggainst the attraction
of the oppositely charged inductor and the repul-
sion of the similarly charged collector, work
must be done, and this work appeers as..in-
creased electrical energy &nd therefore also in-
cressed potential of the charges with respect to
the inductor.

As the ions arrive at the collectinx electrode
then, they will be at much higher voltage rela-
tive to the inductor than when they left the
fonizing electrode, s&nd, consequently, the volt-
age of the collector will become much larger in
meagnitude than the voltage applied between in-
ductor and jonizing electrode. Hence it mzay be
said that the machine multiplies the applied or
input voltage. In particulsr, it raises the voltage
(output voltage) of the collector to a definite
multiple of that spplied beiween the inductor
and lonizer; it cannot raise it indefinitely, be-
cause as the collector charges up it will counter-
act the effect of the Inductor on the {onizing elec-
trode, in particular its effect of producing joniza-

2,004,353

tion at the foniz!rg electrede, and when the col-

. 3 ’

lector has sufiiclent veitege it wili hold the-in- |

ductor in balance, at which point the charge cur-
rent along the tube is greatly redvced and the
system comes to a state of dynamic equilibrium,

It is seen that the machine is in fact an elec~
tric generator, since it converts mechanical en-
ergy into electrlul energy. In particular, it

- s an electrostatic generator, because the conver-

sion of energy oocurs-primarily through the me-

10

dium of electrostatic fields. By an. electrosuﬂc, ,

field ‘is meant simply a region in which electro-
static forces, forces of attraction or repulsion,
are exerted on charged particles, In my ma-
chine in particular, an electric £iéld exists in the
insulation tube tending to oppose a movement
of fons in the direction from ihduétor to col-
lector, and by the gas blast the jons Are moved
against this field, or up the grade of potential,

against theaeelectmstatlcrormorsgunst the

electrostatic field;

In order further to increase or mumpb the,

voltage, two or more such machines as have now
been described may be connected elect.rlun.v in
series, or combined into a singie machine.

instance, as shown in Fig. 4, :xmltcons!stﬁuo!
tube 10a, electrode {§a, xnductor 20z and col-
lector 244, is connected in series with a unit con-
sisting of tube 18D, 'electrocze 18d, inductor 280
and collector 24b. The electrode. and inductor
of the first machine are shown potentiated by a
battery 23a. ‘The potential of collector 24a of
the first machine is carried by a wire 28 and im-
pressed on the inductor 28b of the second, so
that the second starts with an initial charge

‘equal to the final charge of the first. It is evi-

dent that this process of adding series units may

‘be repeatcd as many times as desired,

Withngudtothepolmtyorﬂmotth.
charge of the various elements, if the inductor
of the first is charged positively, 1. e, if the ‘posi=
tive terminal of the source of potential is con-
nected to this inductor, the jons leaving the
fon'zing electrode and carried by the gas blast

.will of course be negative, hence the coliector

will also be negative. Taking into account both
voltage and polarity, under these conditions the
collector of the first machine will assume a larger
negative voltage than the positive voltage im-
pressed on the inductor. In the second machine
the ions carried by the gas blast are positive,
since the inductor of this meachine is negsative,
hence the collector of the second machine will be

positive, and the voitage of the second collector
will reach & much higher value than that of the
first ccllector. The process, of course, can be
repeated by adding another unif, and so on until
any desired voltage has been sttalned. -

Two units can &is0 bé so srranged in & system
that the collector of one shall be positive and
that of the other negative, &8s in Fig. 5. As there

indicated, the two electrodes {€c and 164 of tubes -

t0c and 10d are connected by & grounded con-
ductor 30. The negstive side of a batiery 8,
or other source of electrical enersy, is connected
to electrode I6c, and the positive side to the
corrcponding inductor 20e¢; while the positive
side. 0! & simls: source of electrical energy 32
is connected to electrode {6d, the negative side
being connected -to the corresponding inductor

70

20d. The output potential is received across dis-

charge balls 36 and. 36 of collectors 24c and 24d,
respectively, collector 24c and ball 35 being nega-
tive, and collector 24b and ball 36 being positive,
as will be apparent,

(]
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Another application of the principle of my in-
vention is shovmn in Fig. 6. This machine is bi-
symmetric, having two inductors 40, &1, two laniz-
ing electrodes 42 and 43, and iwo collectors &4
and #§, arranged in the order shown in & single
Closed dielectric. tube &8, in the present instdnce
bent into & double or loop form as illustrated.
The tube is here shown &s supported on insu-
lating stands 41. The electrode supports 48 may
be mounted as at 49 in the side walls of the di-
electric tube at its end curves, so as to extend
axially. down the tube (see Fig. 7). The inlet
end d8a. of the tube is’ conpected with the dis-

‘charge side of a blower, conventionally indicated

at €8, ahd the outlet end 41a of the tube is con-
nected to the intake of the same blower, the
tube and blower thus forming in this case & closed
ring circulation system. Thus the blower will
continuously circulate the carrier gas in the di-
rection from the ionizing electrode 42 to the col-

" lector 44, to the lonizing electrode 43, to the col-

jector 43, thence through the blower and back
to the fonizing electrode 42, and then again
through the same cycle. The first inductor 40
and the second coliector 4% (in the order of gas
circulation) are connected by a conductor 43,
and the second inductor 41 and the first collec-
tor #4 are connected by a conductor 48, said con-
ductors being provided with rods and discharge
balls §8 and B8, respectively, The two ionizing
electrodes are cannected together by & conductor

§3. If the inductor 40 has now a positive charge,

the same saction ss alresdy described in the case
of the simple machine of Fig. 1 will take place
between the inductor 49, the fonizing electrode
42, and the collector 44, that is, the positive in-
ductor 48 will produce jonization at the surface
of the lonizing electrode 42, negstive jons being
produced and carried to the collector 44, which
then charges up negatively., The voltage of the
coliector &4 1s then impressed on the inductor

. &4, which thus becomes negatively charged, and

&
o

80

43

10

15

43. These positive lons sre

_the éxplanation of its attion,

the ionizing electrode
then carried to the
collector 48, charging it positively, and the volt-
age 80 produced is in turn impressed on the in-
ductor £8,.raising it to a-highcr voltege than it
originally had. This higher voltage in turn draws
a greater negetive charge current out of the joniz-
ing eiectrode 42 causing the collector 44 fo rise
to still higher negative voltage, which 18 impressed
on the inductor &1 so that the latter in turn draws

draws positive tons out of

s greater current out of the electrode &3, and g0
that by this process the volt--

on. It will be seen
age of the collectors and of the discharge balls,
must continuslly and rapidly increase and the
current carried by the gas blast becomes eontinu-
all; larger. .

Of course it will b readily seen that it the
inductor of the simple wmachine of Pg. 1 ischarged
negatively instead of positively as we sssumed in
) tke same action
will teke place excert ihas the polarity of the
elements is everywhere opposite that given. In
particular, if the inductor 28 of the machine of

Fg. 1 is charged negatively, pesitive ions are

produced near the surfsce of the loniziig -elec-
trode {8 and are carried up the tube and charge

the collector 24 positively. Similarly in the nta- .

chine fust described, namely thst of Figs. 6 and
7, if trs polarity of the inductor 40 is opposite
to what has been assumed, the action of the
machine will be exactly the same except tae” the
polnrities will be everywhere reversed.

1t will be readily appreciated that the under-.

2,004,353

lying fundamental is the same in the voltage
multipiter type of machine as shown in ¥igs.

1 to 5 and the static machine proper as shown
in Pigs 6 and 7. The difference ‘between the.
two Hes in the arrangement in Fig. 8 whereby the -

1ast collector of a series like that of Fig. 4 charge
the first industor of the series, The static ma<

chine proper, as the machine {llustrated in ¥igs. -

€ 2ad 7 may be called, can be converted into &
two unit muitiplier by impressing & constant

source of potentiai on the indutor 48, and break-"

ing the connection between the inductor 48 and
the collector 48, or it can be ccnverted into &
single unit multiplier by also breaking the con-
nection between the collector 44 and the inductor
41. In .the first case {(connection between 48

and &5 broken and voltage impressed between 48

and 42) the voltage impressed on 48 would be
multiplied in the first unit, and the voliage en-
erated by the first unit would be impressed on
the second, which in turn would multiply again
‘the voltage so impressed. In the static machine,
on the other hand, the voltage initially impressed
on one inductor is multiplied in the first unit,
the voltage so generated in the first unit is im-

pressed on- the second, which fn turn multiplies it

again; and in addition the voltsge obtained in
the second is now reimpressed on the first to be
further ‘multiplied, and 5o on indefinitely, It is
seen that the last type of machine must then step
up indefinitely the voltage impressed originally on
the first unit. In practice of course & Hmit is
set to the obtainabie voitage, the limit- to the
voltage for the machine of Figs. 6 and 7 being
estsblished by the arc-over voltage from in-
ductor to electrode wire, )

Both the voltage multiplier and the static ma-
chine convert mechanical epergy into electrical
energy through the medium of electrostatic fields.
In both cases in the machines here disclosed the
electric charges are moved by the gas blast
sgainst the electrostatic forces of attraction and
repulsion exerted on them; the fundamental
principle is therefore the same, both belonging
to the genus of electrostatic generators.

While in Figs. 1, 4 ard 5 I hiave shown the gas
passing to the open alr after leaving the collector,
an elternative arrangement, particularly if & gas
other than air is used or if air or other gas under
pressure for better insutetion is used, is to make
the circulstion closed, &s in the srrangement of
Fig. 6, the same gas being eontinuaily circulated.
With regard to all the machines of the types here
described, whether clcsed or open circulation is
used is entirely optlonal; whetlier in particular

in multiple units (by a unit shovld be understood

the combinetion of inductor, fonizing electrode,
and colleclor) the gas is circulzted in succession
past 1l t}.e units and then to the open air (open
circulaticn), or back again to the first (closed
circulslion), or whether each unit has separate
streams in turn either open or closed. ’

With regard to the gas stream tube it may be
pointed out that it need not be of insulating m&-
ter'al throughout its entire length; only that
portion between incuttor and collector and ®
suficient length on either side of these elements
to properly insulate them need be of insulating
material. At some point in this tube the.device

.which circulates the gas.is attsched, preferably 7

of course ag far away- as practical from those ele-
ments which are st high potential.

A disadvantage of the mechine of Fig. 6 is that
the inductors are charged directly from the col-

‘Jectars, which: in practice would be connected

10
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glen ¢4 the load; In the event that the Inzd be-
comes zhort-circuited the inductors would be dis-
chorged and the action of the mechine would
cesse.  Also If a low resistance load were con-

pected coross the collectors, tae voltage across .

the inductors would be lowered and the effective
current reduced. In order to obviste these dif-
ficulties it is better to employ separate collectors
for the inductors and the load, & portion of the
ckarge or current fiowing in the tube being ap-
proprieted to maintain the charge of the induc-
tors while the remainder is collected and flowed
through the load. This can be accomplished by
inserting two additional small suxiliary collect-
ing or “appropriating” electrodes or combs 58
and 88, one In each stream at a point preceding
the collector proper, &8 shown in Fig. 8. The
auxiliary or “appropriating” elecirode of each
unit is connected by a suitable conductor, as con-

* ductors 8§71 and §8, to the inductor of the other

unit, and maintains the charge of this inductor
irrespective of what may happen in the load cir-
cuit, which is then simply connected between the
two main collectors. This machine has a fur-
ther advantage over the machine of Figs. 6 and 7
tn that the inductor is not given the high poten-
tial of the ccllector on the other side of the
machine, which greatly lessens the tendency for
arc-cver to occur between inductor and electrode,

" and this means thst the machine can charge up

to & much higher voltage.

As in ststic machines known to the prior art,
condensers may be connected in the system to
steady the current flowing through the load or
store up charres where it is desired to discharge
large quantities of electricity at intervals. For

instance, in Fig. 6, Leyden jar condensers C and.

Ci1 are shown connected to inductors 40 and &4,
respectively, the other sides of the. cordensers
being grounded. In Fig. 8 the condensers could
be connected to the meain collectors 44 and 48.
While in the machines described sc far the

- jonizing electrode has been described as a wire
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afixed centrslly in the insulating tube and
paralie] to the axis of the tube, this arrangement
has the drawback that the permissible length of
the wire is limited and. therefore the current
drawn from it is reldatively small, for s reason
now to be meade clear, The jons after they leave
the fonizing electrode are continually acted on
by three forces: One, that due to the electric
fleld between lonizer and inductor, which force
urges them in a direction from ionizer to in-
ductor, {. e, in a direction transverse to the di-

- rection of circulation of the gas; second, that

due to the streaming gas which urges them
along the stream; and a third force, that due to
the eleciric field between collector and ionizer,
which force tends to urge the fons in a direction
parallel to the stream but opposite to it.

The ges {ons, of course, will move in obadience
to all these three forces., The resultant of these
three forces can be divided into {wo components,
one parsallel to the direction of the circulation,
the other perpendicular or trensverse to it. If
the second of these s much greater everywhers
than the first, the fons will be urged &cross the
tube and lodge on the wali next to the inductor;
but if the first component is everywhere the great-
er, the fons will be carried up the axis of the tube
as desired. Now, any ifon will travel in. a curved
path in obedience to these forces, snd the effec~
tive length of the foniztag wire will be determined
or limited, for a glven velocity of gas blast, by the
course taken by the fons leaving the most ad-

~rs 5
venced point (with respect to the approaching
grs) of the fonizing wire. If this course is such
that the ioms reach the wall of the tube before
they get out of the influence of the fiel? petween
ionizer and inductor (for example the course ¢ §
of. Fig. 1), then the wire must be shortened; it
they take a course such as b of the figure, the wire .

-is of satisfactory length.

Another arrangement involves an ionizing wire
transverse to the direction of c¢irculation, this
being of considerable advantage since then the
wire can be made as long as desied and there-
fore the ionizing current made &s great as desired.
This is effected in the arrangement of Figs. 9 and
10, by making the cross section of thc insulating
tube €0 rectangular instead of circular, the trans-
verse ionizing electrode or wire 6! being placed .
centrally arnd parellel to the long axis of the rec~
tangle. Under these conditions the inductors
would preferably take the form of parallz! plates 20
62 placed parallel to the wire at opposite sides of -
the tube, here being shown within the walls of the

10
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‘tube. Placing the inductors inside the tube walls

it of advantage in preventing the tube from

charging up, and may be preferable in-all of the 28

other forms of the invention instead of the out-
side inductors fflustrated in some cases. Of course:
the cross section of the tube need not be rec-
tangular, but may be of other suitable configura-

tion. The electrical connections can be either 30

taken out by wires running backward against the.
direction of circulation, or the charging electrode
can be continged out through the side of the tube

as at §3 and the inductor plates provided with
connections through t.he tube wall as at 4 in 38
Figs. 9 and 10.

For atill larger currents a number of any of the "~

described units ere placed in paraliel electrical
relation. It is obvious that such arrangement
may be used with any of the forms of generator 40
described sbhove.

There are some advantages to be gained in t.he
best choice of gas to be used in the system. The
mobility of gas fons in air is so great that, with
the speeds induced by the fleld strengths which 45
may be used, there may be some difficulty in
sweeping the fons along the tube. However, there
sre certain gases, notably sulphur dioxide and ¥,
emmonia, in which the mobility of the ions is
greatly reduced, and the use of such gases reduceg 50
eny difficulty due to high velocity of ions in the
electric field. I may therefore prefer to utilize
& blast consisting of a ges in which the ions have
low mobility, It may also be noted that the gas
is under pressure due to the action of the blower,
and that, especially in the closed ring form of
the machine (Fig. 8, for instance) this pressure
is easily msintained at a substantial value. This
pressure also has a tendency to reduce mobility
of the fons through the gas, and excessive ionic 60
mobility may therefore be controlled to a-large
extent through increase of the gas pressure.

" The invention has so far been described with
gas fons chiefly in view as carriers for the elec-
trical charges. I also contemplate other car-
riers for the charges, among which gre to be
merntioned, first, finely divided, snlid particles,
as pith balls, sand, rouge, or any material suffi-
ciently light to be circulated by a blast, and sec-
ond, liquid particles, s non-conducting mists, 7
atomized 6il5, €. The tinely divided solid i mat- /
“tér, or nquid “mist”, as the case may be, is passed
for instance through the corona discharge be-
tween charged electrode and inductor, and so
charged, thus producing electrically charged 18
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particles or fons of conniderably 1srger size than
the previously mentioned gas lons; end the
.charged pa.ticles are then curried to the collector
by the blast in the same manner as are the gas
fons in the first described form.
__For instance, in using an ¢fl mist I have an
artificially creatéd carrier of low mobility as
compared with gas ions, since the charge carry-
ing. ofl droplets, while they may also be reterred
tquions.mo!verymuchlargermtm
molecular gas ions, and therefore encounter
more resistance in moring through the air from
fonizer to inductor. Moreover, the oil droplets
are more readily propelled by the alr blast be-
cause of their larger size, '
‘Figs. 11 to 13 show somewhat diagrammati-
eally a r-achine adapted for use with a liquid
mist, being designed particularly for use with
atomized ofls. Numerrl 80 designates a blower
adapted to furnish a circulating biast through
the system. The blower is shown discharging
through a fitting 81 having a vertically extend-
ing part 8ia, the lower end of the latter forming
an oil collecting well 81b having a liquid draln
cock 82, and the upper end being connected with
&n insulation tube $4. Tube 84 leads to one side
of s hollow collector member 85, and to the
othier side of the collector is connected a second
insulation tube 86 which leads to an inlet fAtting

21 on blower 80. Thus blower 88 setsup a closed.

circulation bimst through members 81, s, 85,
$8, and 81. :

"Ine ofl mist is introduced to the system from

4 suitable oil mist generator or atomizer, & sult-
able laboratory form- ¢f which is shown in Fig.
11. Ofl within reservoir 80 discharges past &
peelle vaive at 31 into one leg of U-tube 83
which is heatéd in & lead bath 84, the latter be-
ing maintained for instance at & temperature of
approximately 460° C. Air or any suitable gas
trom & supply tube 88 is passed through U-tube
83 and carries the oil mist thereby produced up
the discharge leg of the U-tube and into a per-
forated pipe 87 mounted transversely 8Cross fit-
ting 81a directly below insulation tube &4. The
oil mist 1§ discharged upwardly from perforations

_ 8la in said perforasted pipe and is carried by
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the blast rapidly around through tube 84, col-
lector §5, and tube £6 to the blower, and I8 then
continuously recirculated by the blower in the
ring path described. . )

The inductor is here shown in the form of a
plurality of parallel vertical plates 168 mounted
in the lower end of a vertical section of insula-
tion tube &4, directly over perforatéd pipe 81,
said plates having an electrical connection 161
extending through the wall of tube 8 (Fig. 13).
Between plates 10 are horizontslly extending
fonizing or corona electrode wires {UZ, sald wires
having en electricel connection 163 extending
through the wall of tube 84. The inductor plates
may of coursé be potentiated with reference to
electrode wires {62 in the same general way &s
described in connection with the previously men-
tioned forms of the invention, the relations of
distances of separalion and relative areas of
plates 168 and wires 102 and the potential differ-
ence between .them being arranged to give the
desired charge to the oil mist travelling past the
electrode wires between the inductor plates.
The oil mist receives its charge by encounter
with gas ions which are produced as before in
the high gradient field or sorons zone about the
‘electrode wires, the oil droplets of one polarity
being atiracted to the corcna wires while those

of opposite polarity are swept slong by toe biast.
The ofl droplets thus charged predeminantly
to one polarity are discharged from tube 84 into
and through the chamber of hollow coliector 88,
This collector 1s shown in Pigs, 12 and 13 tocon- 8
sist of & cylinder 8Ba connected at its opposite .
aides to dielectric tubes 84 and 3¢ and provided
with hemispherical ends $8b, and a plurality of
vertical parallel screens (88 arranged therein .
, “of the bilast, sald screens being 18 -
adapted to take the electrical charge fiom the
ofl droplets passing thercthrough. A usual dis-
charge ball i88 is shown mountzd on the col-
lector. A considerable portion of the coll drop- .
lets will of course not be able to pass through 18
the collector, but will condense on the screens 188
and will find the'r way to the bottom of the.
cylindrical body of the collector. In the form
shown, this accumuiation of ofi is discharged

throuzh a nipple 182 arranged within a sphere 80 L

{18 formed integrally with collector body 88. To -
the lower end of sphere (18 is connpcted an in-
sulation tube i1, the latter being connected in
turn to a suitable ofl line 112 leading to an ofl:
reservoir 113 which may be at ground poiential. 35
Sphere (10 is substantially & closed conductor, . -
and since there i8 no charge within & closed con-
ductor, the ofl discharged from nipple 89 within
the sphere leaves the collector without carrying
away & charge. The insulation tube §1i insu- 3

lates the collector from grounded parts of the

Eystem,

It will be obvious that any of the forms of the
invention previously described, whether static .
machines or voitage mult'yliers, are adaptable 3
to operation with liquid mists, finely divided
solid particles, or gaseous jons, the requirement
being simply that there be provided small parti-
cles adapted to be moved slong in s confined.
stream by means of & gas blast and adspted to 40
take an electrical charge. For.the purpose of
the clatms all such charge bearing mediums will
be referred to by the generic expression dielec<
tric Siuid, that expression implying both, or either,
the gas blast and the finely divided solid or Hquid 48
pa.;.icles suspended therein, where the latter are
used. : ; ‘

_ While I have for jllustrative purposes principally
mentioned producing lonization or charging of
particles by use of s corona discharge, i is to be 50
understood that any other method of fonizing or
producing charged particles to be carried by the
gas blast to & collector is contemplated within
the broad scope of the invention. For the pur-
pose of the claims the expression, means for pro- 58
ducing electrically charged particles, contem-
plates any such lonizing or charging means.

It will be understood that the drawings and
description are merely iliustrative of and not re-" .
strictive on the invention considered in its broader €0
aspects, and that various medifications in the
design snd arrangement of the illustrative em-
bodiments may be made without departing from
the spirit and scope of the appended claims,

I claim: -

1. A double-sided electrosiatic generator, each
side of-said generator including meang providing
& tiaveling eleztric-charge carrier, su inductor
and an jonizing electrode adapted to charge said
carrier, a collector adapted to take electric charge T
off sald carrier at & point removed from sald in-
ductor In the direction of cariier movement, snd
a charge appropriating electrode adepted to take
charge from the carrier at a point between the
tmductor and collector, and an electric conductor 18
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connected between the appropriating electrode of
each side of the generator and the inductor of the
other side of the generator. .

2. An electrostatic generater, comprising a di-
electric conduit, means for forcing a blast of di-
electric fluid through said conduit, an inductor
and an ionizing electrode associated with said
conduit and edapted to charge said dielectric
fuid predominantly to one polarity, a collector in
said tube removed in the direction of fluid fow
from said inductor and ionizing electrode, another
{onizing electrode and inductor associated with
said conduit beyond said collector, said second
ionizing electrode and inductor adapted to charge
the dielectri¢ fluid predominantly to one polarity,
and another collector in said tube removed in
the direction of fluid flow from the second ionizing
electrode and inductor, an appropriating elec-
trode in the conduit between the first ionizing

electrode and inductor and the first collector .

adapted to take charge from the fluid, an elec-
trical connection between said appropriating elec-
trode and the second inductor, 8 second charge
appropriating electrode in the conduit between
the second jonizing electrode and inductor and
the second collector adapted to take charge from
the fluid, and an electrical connection between

‘sald second appropriating electrode and the first

inductor..

3. The herem described method, that includes
creating and maintaining a confined current of
dielectric fluid, creating in the path of movement
of said fluid an electrostatic fieid of gradient
falling materially from one side to the other and
of sufficiently high gradient at the high side to
produce corona discharge without simultaneous
arcing, and such that particles comprising said

.fuid are charged positively and negalively and

the particles of one polarity are attracted to the
high gradient side of the electrostatic field and
held back against the current of dielectric fluid,

" the electrostatic fizld being of sufficiently low

55

gradient at the low side that the attraction of the
oppositely charged particlcs thereto is overcome
by the force of the current of dielectric fluid and
such particles are carried on by suid current, and
taking the charge off the latter fluid psrticles at
8 point in the path of the dielectric fluid current
beyond the point of charging.

4. The herein described method, that includes
creating and maintaining a confined current of
dielectric fluid, Introducing to the current of di+
electric fiuid & liquid mist, creating in the path of
movement of the mist-laden fluid an electrostatic
field of gradient falling materially from one side
to the other and of sufiiclently high gradient at
the high side to produce a corona discharge in
the mist-laden fiuid without simultaneous arc-
ing, whereby the fiuid is ionized pasitively and
negatively, the fluild ions of one polarity are at-
tracted to move out of the fluid current in the

direction of the hizh gradient side of the fleld
snd the psrticles of liquid mist are charged by
encounter with the remaining jonired particles,
particles of liquid mist thus charged to said one
polarity being attracted by the high gradient side
of the electrostatic fleld and tending to be held

back sgainst the fluid current by the relatively

high intensity of that part of the field, and the
low gradient side of the electrostatic field being
of such lower intensity as to permit the oppo-
sitely charged particles of liquid mist which are
attracted thereto to be carried beyond the eles-

trostatic field by the force of the current of éi-

electric fluid, and taking the charge off the lat-
ter particles of mist at 8 point in the path of the
dielectric fluid current beyond the point of charg-

5. In an electrostatic generator, the combina-

10

16

tion of a dielectric condult, means for forcing a .

current of gas through said conduit, a pair of
electrodes associated with said conduit adapted
to take a difference of potential sand to produce
an electrostatic field within sald conduit, one of
said electrodes embodying a relatively emnall wire
and the other embodying & relatively lsrge plate
having a relatively large radius of carvature,
means impressing & difference of potential across
sald electrodes sufficient to produce ioniration of
the gas in the electrostatic field about the small
wire electrode, whereby g-seous lons predomi-
Bantly of one polarity are produced between said
electrodes, means for introducing a finely divided

" suspended licuid mist into said conduit at & point

ahead of said electrodes, all in such manner that
particles of such mist are encountered and

-charged by the gaseous fons predominantly of one

polarity in the electrostatic field between said
electrodes, and a charge collector in said conduit
beyond seid pair of electrodes in the direction of
gas flow.

6. An electrostatic generator, comprising & di~
electric condult, means lor fereing a blast of di-
electric fiuld through sald conduit, an inductor
and an fonizing electrode associated with said
conduit and adapted to charge said dielectric
fiuld predominantly to one polarity, a collector in
said tube removed in the direction of <uid flow
from szid inductor and lonizing electrode, an-
other jonizing electrode and inductor associated
with said conduit beyond sald collector, said sec-
ond lonizing electrode snd inductor adapted to
charge the dlelectric fluld predominantly to one
polarity, another collector in said tube removed
in the direction of fluid flow from the second
ioniging electrode snd inductor, an electrical con-
ductor connected between the first mentioned
inductor and the second mentioned collector, and
anothier electrical conductor connected between
the first mentioned collector and the second men~
tioned inductor.

ALFRED W. SIMON.
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