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Edward A. Griswold, 2072 E. Galbreth Road, 

Pasadena, Calif. 91104 
Continuation-impart of application Ser. No. 538,275, 
Mar. 29, 1966, now Patent No. 3,544,441. This ap 
plication Nov. 27, 1970, Ser. No. 93,363 

Int. Cl. B0111 13/02; B01k 1/00; B03c 5/00 
U.S. Cl. 204-302 10 Claims 

ABSTRACT OF THE DISCLOSURE 

Apparatus for reducing or eliminating destructive elec 
trical arcing between inner and outer electrodes includes 
an elongated inner electrode element; an elongated outer 
shell element spaced from and containing the inner elec 
trode, whereby an electric ?eld may be established be 
tween the elements; and porous media in the space be 
tween the elements to trap particles migrating in the direc 
tion of the ?eld. A dielectric coating in the space between 
the electrodes may be applicable to the element, elements 
and/ or media, for chemical and electrical modi?cation of 
the surfaces so coated. 

BACKGROUND OF THE INVENTION 

This application is a continuation-in-part of my co 
pending application Ser. No. 538,275, ?led Mar. 29, 1966, 
for “Electrostatic Filtering for Cleaning Dielectric Fluids” 
and now U.S. Pat. No. 3,544,441. 
The present invention relates generally to stabilizing 

electric ?elds; and more especially to entrapment of par 
ticles in porous media located in the space between an 
outer shell electrode and an inner electrode element be 
tween which the ?eld extends. 
The prevention of dielectric breakdown due to destruc 

tive electrical arcing between an inner electrode and an 
outer shell electrode subjected to a very high voltage dif 
ferential is a continuing problem. Such environments are 
found as for example in electrical power transmission 
cable. One cause for such arcing is found in the migration 
of very ?ne charged particles in the space between the 
electrodes, to establish low resistance paths along which 
electrical arcing occurs. 

SUMMARY OF THE INVENTION 

It is a major object of the invention to provide a solu 
tion to the above problem or problems through the pro 
vision of method and apparatus for reducing or eliminat 
ing destructive electrical arcing between inner and outer 
electrodes, as by entrapping particles migrating in an elec 
tric ?eld extending between such electrodes. 

Basically, the invention is embodied in the combination 
that comprises: an elongated inner electrode element; an 
elongated outer shell element spaced from and containing 
the inner electrode, whereby an electric ?eld may be estab 
lished between the elements; and porous media in the 
space between the elements to trap particles migrating 
in the direction of the ?eld. As will appear, a coating 
may be applied at the inner side of the outer shell elec 
trode, or the outer side of the inner electrode or conduc 
tor, or it may be applied on the porous media; and the 
coating, which may be a dielectric may be applied to any 
combination of these, and may extend within the space 
between the electrodes, for chemical, physical and elec 
trical modi?cations of the surfaces so coated. 

Further, there may be particle entraining fluid in the 
space between the inner and outer electrodes, and the 
?uid may be ?owing or non-?owing; and a magnetic ?eld 
may extend in that space. Such ?uid may for example 
consist of a hydro-carbon such as petroleum or derivative 
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thereof such as a lubricant. Also, the electrodes may de?ne 
an electrical power distribution cable to which such power 
(either AC or DC) is supplied. In addition, and as will 
appear, the porous media may consist of plastic foam 
de?ning particle entrapping voids. 
The invention will be better understood by reference 

to the following description and to the annexed drawing, 
in which: 

FIG. 1 is a combined partial elevation and longitudinal 
median section, with successive portions of the interior 
structure broken away, of a ?lter; 

FIG. 2 is a transverse section through the ?lter on line 
2——2 of FIG. 1; 
FIG. 3 is an enlarged fragmentary median section, as 

in FIG. 1, of a portion of the ?lter assembly; 
FIG. 4 is a fragmentary perspective of a variational 

form of plate electrode; and 
FIGS. 5-8 are side elevations taken in section showing 

different forms of particle entrapping apparatus. 

DETAILED DESCRIPTION 

Referring now to FIGS. l-4, it will be seen that the 
illustrated liquid ?lter includes a tubular shell indicated 
generally at 10. This shell is usually circular in cross 
section and conforms to the general design considerations 
of a pressure vessel since ordinarily the shell is subjected 
to ?uids under pressures that may run as high as several 
hundred pounds per square inch. One end of the shell is 
provided with a removable head section 10a attached to 
the remainder of the shell by bolts 11 or any other suit 
able means. When head 10a is removed, access is bad 
to the interior ?lter element which may be removed as 
a unit for cleaning, replacement or any necessary mainte 
nance. 

Shell 10 is provided with two spaced openings 14 and 
15 which may be connected to liquid conduits in any suit 
able manner. The spaced openings 14 and 15 provide inlet 
and outlet openings for liquid passing through the ?lter 
to be cleaned. Since ?ow through the ?lter may be in 
either direction either one of these openings may be the 
liquid inlet and the other the liquid outlet. 

Because there is often a tendency for a certain amount 
of sludge or foreign material to collect within the shell, 
especially when the liquid to be ?ltered enters through 
opening 15, it is preferable to provide the shell with a 
drain as indicated at 16 and an annular gutter 17 or sim 
ilar means ‘for conducting sediment to the drain opening. 
The drain is preferably located at the lowest point in the 
shell. 

In the preferred embodiment of the invention illustrated 
in FIG. 1, the shell 10 is illustrated with its longitudinal 
axis extending vertically and with the ?uid inlet assumed 
to be at opening 14. Accordingly opening 15 is then the 
outlet. However this speci?c arrangement is not limitative 
upon the invention and it will be understood that the 
?lter may be arranged with this longitudinal axis hori 
zontally extending or inclined, as may be desired under 
circumstances at an installation. This is equally feasible 
since flow through the ?lter is created by a differential 
pressure between the inlet and outlet openings and is not 
dependent upon gravity, convection current, or the like. 
The ?rst ?lter element encountered by the liquid as it 

?ows from inlet 14 to outlet 15 is a hollow cylindrical 
?lter element 20 located centrally of and extending axially 
of shell 10. Filter element 20 is a mechanical or porous 
element type of ?lter and may comprise a cylindrical body 
of a ?nely porous material such as sintered metal, ceramic, 
or any other suitable material providing openings of 
suitably small size. Cylindrical ?lter element 20 is open 
at the lower end to receive ?uid entering the shell through 
inlet 14 and is closed at the upper end, thus forcing the 
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liquid to ?ow radially outward of the ?lter element 
through the cylindrical walls thereof. In the event ?lter 
element 20 is mechanically weak, it is supported externally 
by a perforated cylinder 21 which not only radially sup 
ports the ?lter element against the internal liquid pressure 
but also serves as a structural core member for support 
ing other ?lter elements, as will be described. Cylinder 21 
is metal to be electrically conductive. 

Cylindrical core 20 rests at its lower end on an annular 
seat in block 22 which is made of any suitable dielectric 
material in order to insulate the core from the shell. 
Block 22 is in turn supported centrally of the shell 
by resting upon the bottom wall thereof. The upper end 
of core 21 is closed either by an integrally formed end 
wall or by a separate metal plate 24 which rests upon the 
upper end of the cylindrical core and is imperforate. On 
top of plate 24 is insulator block 25 of a suitable solid 
dielectric material which bears against the inner face of 
head section 10a of the shell. In this way when the head 
section is bolted in place and tightened, cylindrical core 
20 and sleeve member 21 are held ?rmly between end 
blocks 22 and 25; and these members serve as a central 
supporting column for elements of the ?lter described 
later. 

Coaxial with ?lter element 20 and perforated cylinder 
21, is the central electrode 27 which is supported at its 
lower end by collar 28 located within a central bore 
through the lower dielectric block 22 and provided with 
a supporting spider 29 to which the lower end of electrode 
27 is fastened. The upper end of electrode 27 is positioned 
centrally with respect to cylinder 21 by spider 30 which 
is of dielectric material. Spider 30 preferably has a pe 
ripheral ?ange 30a which bears against the inside surface 
of ?lter element 20. Electrode 27 may take anyone of 
several known designs that promote the high intensity 
?eld at the electrode. A ?ne wire 27a wound in a spiral 
around a central supporting rod is illustrated as a typical 
electrode design. The radius of the spiral is such as to 
produce the proper electrical clearance between the dis 
charge electrode wire 27a and the opposing electrode com 
prising sleeve 21 and/or core 20. 

Electrode 27 and cylinder 21 are both metal and con 
stitute a pair of opposing electrodes between which is 
maintained an ionizing or charging ?eld. For this purpose 
electrode 27 is a discharge electrode and electrode 21 is 
a non-discharging electrode. If ?lter 20 is made of sintered 
metal, it is also conductive and is a part of the non-dis~ 
charging electrode assembly. 
As is well known in the art of electrical precipitation 

of suspended particles, particularly from gaseous streams, ’ 
a discharge electrode is one which has a con?guration that 
provides points, corners, edges, or other surfaces of rela 
tively small radius which concentrate the electrostatic 
?eld to form localized high-stress zones and so facilitate 
the production of corona discharge thereat in a gaseous 
?uid although corona discharge is not produced in a 
dielectric liquid. On the other hand a non-discharge elec 
trode is one which has ?at or extended areas free from 
portions having a relatively sharp radius and therefore 
produce a relatively uniform electrostatic ?eld, or which 
otherwise suppress the tendency to produce corona dis~ 
charge. 

In order to establish high voltage electrostatic ?eld 
between electrodes 21 and 27, there is provided any suit 
able type of electrical equipment indicated generally at 
32. It may be external to the ?lter or may be mounted on 
the ?lter shell. Such equipment is well known in the art 
and need not be described in detail here since it constitutes 
no part of the present invention; but in general such equip 
ment includes a suitable step-up transformer and recti 
fying means adapted to produce an output of relatively 
high potential. For processing liquids a voltage in the 
range of 10,000 to 14,0001yolts is normally su?icient al 
though it will be obvious that the exact voltage used may 
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be varied by the designer to suit the liquid being treated, 
the inter-electrode spacing, and other factors. One output 
terminal of the power source 32 is grounded as indicated 
at 33 while shell 10 is also grounded as indicated at 34. 
The other output terminal of power source 32 is con 
nected by insulated high tension conductor 35 to a cen 
trally located lead-in 36 which passes through dielectric 
block 25 and is connected through plug 37 and spring 
37a to plate 24 which, being metal, is a conductor and 
is electrically connected to electrode 21 by contact there 
with. It is also connected by contact to ?lter 20 to en 
ergize the latter if conductive. Electrode 21 is insulated 
from the shell by dielectric blocks 22 and 25 at the two 
ends of the central core. On the other hand discharge 
electrode 27 is grounded to the shell through metallic 
collar 28 and spider 29. 
A second ?lter element inside the shell is located down 

stream from the ?rst ?lter element and comprises a plu 
rality of pairs of electrodes of the non-discharging type. 
These electrodes are provided by pairs of spaced plates 
40 and 41 which surround the cylindrical core 21 and 
extend radially outwardly therefrom. The plates 40 have 
centrally located ?anges 40a having an internal diameter 
such that they slide easily over but contact the exterior 
of core 21, as may be seen particularly in FIG. 3. 
Flanges 40a are perforated as indicated at 42, the perfora 
tions being large enough and numerous enough that some 
of them always align at least in part with the openings 
21a in core cylinder 21 in order to allow liquid to ?ow 
radially outwardly through ?lter element 20 then through 
the surrounding core and the ?anges 40a. 
As may be seen particularly in FIG. 3, ?anges 40a 

permit the disc electrodes 40 to be stacked on top of each 
other in contact with and supported by cylindrical core 
21 through which electrodes 40 are energized. The ?at 
surfaces of plates 40 are substantially parallel to each 
other and radial with respect to the ?lter axis. 
Midway between each two plates 40 is a plate or disc 

41, plate 40 and plate 41 constituting a pair of opposite 
ly charges electrodes, as will be further explained. Each 
plate 41 has a peripheral ?ange 41a which engages the 
inside face of metallic cylinder 45. Cylinder is here shown 
as a ?ne mesh screen; but it will be realized that a 
perforated sheet metal wall may also be used at this 
point in place of the screen. 
The peripheral ?ange of the lowermost plate electrode 

41 rests upon plate 44 which is supported centrally 
upon dielectric block 22 and is supported at its periphery 
by ring 44a which is in turn supported by bottom plate 
52. A ?uid-tight seal is preferably effected by an O-ring 
22a or other means between plate 44 and center block 
22 in order to prevent liquid from by-passing the ?lters. 
Electrodes 41 above the lowermost one each have their 
?anges resting upon the plate electrode next below so 
that each plate electrode, except the top one, supports 
a plate above it by engagement at the periphery with 
the superimposed ?ange. Thus plates 41 are arranged 
in a stack supported on one another and con?ned lateral< 
ly by the surrounding foraminous cylinder ‘45. Each plate 
41 has a central opening 41b larger than the outside 
diameter of plate ?ange 40a, in order to provide ade 
quate electrical clearance between each ?ange and the 
surrounding plate 41 at this point. In the same way the 
diameter of plates 40 is less than the diameter of the 
surrounding ?anges 41a by a distance suf?cient to give 
adequate electrical clearance between these plates the 
?anges. 

While it is course possible to support plate electrodes 
40 in any other suitable fashion, it is convenient to sup 
port them upon the cylindrical core 21 because the con 
tact thus a?’orded between the plate ?anges and the 
core, in addition to giving physical support to the plates, 
effects an electrical connection between the plate elec— 
trodes and the core itself. Thus plates 40 are maintained 
at a relatively elevated potential while plates 41 are 
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grounded through other parts of the supporting struc 
ture since they are electrically connected to shell 110. 

Between each pair of plates ‘40 and 41 is a body 43 
of a porous or ?uid pervious dielectric material. Various 
?brous, granular or open cell materials may be used. 
Suitable for this purpose is a polyurethane foam of the 
open cell type. Each body 43 of porous dielectric ma 
terial serves several purposes. It not only helps support 
the plate electrodes to maintain the proper spacing be 
tween them but also acts as a diffuser which slows down 
the rate of liquid ?ow between two parallel plate elec 
trodes. This gives a longer time for the electrostatic 
?eld maintained between a pair of plates to exert an in 
?uence on the suspended particles and gives them an 
opportunity to migrate to one of the plate electrodes. 
In addition, a third function of the porous dielectric 
material is to serve as a ?lter. A certain amount of ?lter 
action is a natural consequence of the passage of the 
liquid through the body of porous dielectric material; 
but for reasons that will be further apparent the mechani 
cal ?ltering action is more or less incidental. 
A third ?lter element is provided downstream from the 

second ?lter means provided by the parallel plate elec 
trodes. This third ?lter element comprises a sheet 46 
of a suitable porous material around the screen cylinder 
45. This ?lter element 46 is likewise cylindrical con?gura 
tion and is in contact with the outer surface of cylinder 
45. Outwardly of the ?lter element 46‘, there is prefer 
ably placed a wire mesh screen 47 in contact with the 
?lter element 46. This cylindrical screen 47 is a relative 
ly coarse screen, considering the size of the particles 
involved, and in designed to retain only particles of a 
diameter of 50 microns or larger. Thus it passes anything 
under about 50 micron size. This size of particle is 
chosen arbitrarily for illustrative purposes and it will be 
realized that the mesh size of the screen may be selected 
to pass larger or smaller particles. 

Outside of the screen 47 is an outer cylinder 50 de 
signed as a structural member to retain the inner ele 
ments in place and support them physically against the 
interior pressures against them developed by the liquid 
moving through the ?lter elements. 

Outer cylinder 50 is connected to and carries top and 
bottom plates 51 and 52 respectively which have axially 
turned rims by which the plates are connected to the 
cylinder in any suitable manner. In this way all the 
?lter elements are maintained together in the proper rela 
tive positions as a unitary assembly which can be in 
serted into shell 10 or removed therefrom as a unit 
when the head section 10a is unbolted and removed. 
As a means of obtaining axial pressure on the assem 

bly of plates and ?lter elements to prevent relative move 
ment, and also as a means of providing an electrical 
connection between the shell and certain of the ?lter 
elements, springs 55 and 156 are interposed between the 
top plate 51 of the assembly and the inside face of end 
section 10a of the shell. These springs provide a yielding 
force on the ?lter assembly pushing it against support 
ring 58 at the base. Ring 58 supports the ?lter assembly 
at a position adjacent lower insulator block 22. 

Construction of a preferred embodiment of my ?lter 
having been described, the operation of it will now be 
described brie?y. The stream of liquid from which sus 
pended particles are to be removed is introduced into 
the shell 10 at inlet opening 114. The ?uid stream enters 
directly the interior space of the cylindrical ?lter element 
20 in which space the ?uid.- stream is subjected to the 
particle charging-action of the high intensity charging 
?eld maintained between wire electrode 27 and non 
discharging cylindrical electrode 21. In this ?eld, the 
suspended particles become electrically charged as they 
?ow through the space within the cylinder and then out 
wardly through ?lter element 20. 
The liquid stream ?ows outwardly from cylinder 21 

through the openings 21a therein and the aligned open 
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lugs 42 in the ?anges of plates 40. The ?uid stream can 
now ?ow in a radial direction at a changing velocity 
parallel to and between the surfaces of the electrode pairs 
40 and 41. In this space the liquid stream is subject to 
the action of the non-discharging electrostatic ?eld main 
tained between two successive plate-type electrodes. This 
electric ?leld is substantially uniform because the elec 
trodes are parallel and it causes the charged particles to 
migrate to one of the electrodes. The electrode on which 
they collect will be the one of opposite polarity to the 
electrode 27 which, in the arrangement illustrated is 
electrode system comprised of plates 40. For this purpose, 
electrode 27 may be either positive or negative as desired. 
Any relatively coarse particles that pass through the 

?rst ?lter means and the second ?lter means will be re 
tained by the ?lter action of the porous body 47, while 
the ?ner particles migrate under the in?uence of the elec 
trostatic ?eld through the open cells of the porous bodies 
43 to the surface of one of the plate electrodes or onto 
the electrically charged structure of the porous media. 
The open cell structure of the porous dielectric 43 causes 
the liquid to ?ow slowly over a devious path thereby 
keeping the liquid subject to the electric ?eld for a longer 
period of time than is otherwise possible. 

In ?ltering hydrocarbon fuels and petroleum products 
in generally, it has been found that the contaminates are 
generally of a gummy or sticky nature and as a con 
sequence when they once are deposited upon one of the 
collecting electrodes 40 or 41 they tend to adhere to the 
surface of that electrode. However, should an agglo 
merated mass of such particles break loose or be eroded 
from the electrode for any reason and pass through the 
body of porous dielectric, such re-suspended particles, 
being relatively large, are removed from the ?uid stream 
by passing the stream through a downstream ?lter means 
consisting of the porous body 46 and the ?ne mesh screen 
45. The openings in ?lter 46 are smaller than the pores 
in dielectric 43. 

After passing through the third ?lter means, the liquid 
stream ?ows longitudinally of the annular area inside 
the shell and around cylinder 50 to 'be exhausted from 
the shell through outlet opening 15. 
Flow from inside the ?lter assembly outwardly to the 

periphery is preferred, especially in the case of ?uids 
having a relatively low density of particles to be removed 
and particularly when the particles are relatively ?ne. 
The action of the electrostatic ?eld in removing the 
particles from suspension is then particularly marked be 
cause the particles are ?rst charged in the central core 
and as the ?uid stream moves away from the core the 
velocity of ?ow progressively and continually decreases as 
the ?uid moves through a passage of progressively in 
creasing cross-section radially outward toward the shell 
wall, allowing a longer exposure to the electric ?eld than 
in a passage uniformly of only the initial cross-sectional 
area. 

The ?uid is preferably introduced into the uniform 
?eld between a pair of parallel electrodes at a suf?ciently 
high velocity that ?ow is turbulent. The small area of 
each of openings 21a and 42 insures this high velocity at 
entrance. Turbulent ?ow brings many of the particles 
quickly into close proximity to one electrode. If the 
particles are charged already, they are quickly deposited 
on the electrode if it is of a polarity opposite to the 
particles. 
On the other hand, if any particles are not previously 

charged they become charged, either by taking on an in 
duced charge or by direct contact with the electrode. The 
particles, now charged, are then attracted to the electri 
cally charged surfaces of opposite polarity, even through 
the ?uid stream does not pass through the initial high 
intensity charging ?eld. 
The expandiing cross-sectional area between two elec 

trodes 41 and 43 reduces the ?uid velocity to the point 
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when ?ow is laminar and is preferably low enough not 
to erode any particles from the surface of the electrodes 
or from the porous structure. Typically, velocity at exit 
from the ?eld is reduced to about one to two inches per 
second, more or less, the exact value depending upon 
viscosity of the liquid, particle concentration, and other 
physical factors; but a value of less than one inch per 
second is preferred. The low ?uid velocity avoids re-en 
trainment of particles by erosion or by dissociation of ag 
glomerates. 
However, in the event that it is desired to ?lter a rela— 

tively dirty liquid, that is one in which the particles con 
centration is relatively high, it may be found advanta 
geous to reverse the direction of ?ow. This is done by 
introducing the ?uid stream through the opening 15 
which then becomes the inlet. Several abrupt changes in 
direction and velocity are imposed on the ?uid stream 
to assist in deposition of suspended particles through the 
opening 15 which becomes the inlet. The ?ow is then 
from the outside of the ?lter assembly radially inward 
to the center in the reverse direction of that already 
described and the velocity of the ?uid stream increases as 
it flows through the electrostatic ?eld. The relatively large 
surface area around the periphery of ?lter elements 46 
and 47 is thus used to advantage because the relatively 
high initial concentration of suspended material is then 
collected over a larger cross-sectional area so that the 
useful life of the porous ?lter is extended. Under these 
circumstances, the third ?lter means, in direction of ?ow, 
becomes the ?lter element 20 and it serves as a ?nal 
barrier to any relatively large particles which are not 
removed from suspension or have been eroded off the 
electrodes by the time the liquid stream reaches this 
?lter element. 
With the reverse direction of ?ow last described, the 

central charging ?eld established between electrodes 21 
and 27 becomes of little effect, because the ?uid is largely 
cleaned by the time it reaches this ?eld. Under these cir 
custances, it may be found suitable to omit the discharge 
electrode 27. It is possible instead to establish a charging 
?eld between each pair of plate electrodes 40 and 41 by 
providing all such electrodes of one polarity with sharp 
points or edges to create surface con?gurations that con 
centrate the ?eld locally into high stress zones. This can 
be done easily by piercing the plates 40 with a sharp tool 
to form ragged projections 40p at one or preferably both 
sides of the plate as shown in FIG. 4. The result is a sur~ 
face resembling the familiar kitchen grater. This electrode 
construction establishes a charging ?eld, or a plurality 
of localized charging ?elds between each pair of plate 
electrodes 40 and 41 while still subjecting the particles to 
the force of the ?eld for a long enough time that the 
particles migrate to and are deposited on one of the elec 
trodes. 

Another reason that one or both of the plate electrodes 
are perforated is that perforation produces an hydraulic 
cross-section that is greater than the cross-section of the 
electric ?eld, so that the hydraulic velocity is reduced 
without affecting the intensity of the ?eld. 

‘It has been found by experience when ?ltering hydro 
carbons having a high resistivity that the suspended parti 
cles are often precharged electrically to a degree su?i 
cient that they may be removed in an electrostatic ?eld 
without the need of ?rst being passed through a charging 
?eld. It is possible for particles to acquire an electric 
charge in many diiferent ways since it is known that ion 
ization occurs as a result of heat, friction, atomic irradia 
tion and other causes. If the ?uid being ?ltered has come 
in contact with charge elements of an electric system, the 
suspended particles ‘may have acquired a charge either by 
direct contact or by induction. The high dielectric nature of 
the liquid carrier prevents these particles from losing their 
charges. Consequently there are situations in which the sus 
pended particles carry a su?icient electric charge at the 
time of entry into the ?lter that no discharging ?eld is re 
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8 
quired in order to electrically charge the particles. The 
presence of precharged particles is especially favorable 
to reverse ?ow through the ?lter, that is ?owing in the di 
rection from the periphery inwardly to the core. Also, 
many of the particles are charged inductively by passing 
by the surfaces of a porous dielectric media. 

Referring to FIGS. 5—8, the illustrated apparatus for 
[?ltering or entrapping particles, which may be electrically 
charged, and tending to migrate in an electric ?eld, com 
prises an elongated inner electrode element, an elongated 
outer shell element spaced from and containing the inner 
electrode, whereby an electric ?eld may be established be 
tween the elements, and porous media in the space between 
the elements to trap particles mirgrating in the direction 
of the ?eld established bewteen the elements. 

‘In the FIG. 5 example, high voltage is applied, as 
via leads 98 and 100, to an elongated tubular inner elec 
trode or conductor element 101 and an elongated tubular 
outer shell element or conductor 102. The elements may be 
metallic and concentric about axis 103, and an annular, or 
similar space 104 is formed between the elements. The high 
voltage source is indicated as either AC at 105, or DC at 
106, with switches 107 and 108 merely illustrating the op 
tional use of either AC or DC. The apparatus to which the 
high voltage is applied may be for example a cable to trans 
mit electrical power, or it may be a ?lter or other ap 
paratus, as in FIG. 8, to which ?uid is supplied to ?ow 
in space 104a in the directions of arrows 105. A ?uid ?ow 
source is indicated at 106 in FIG. 8, and the ?uid may for 
example consist of a hydrocarbon containing particulate, or 
a hydrocarbon containing water and particulate to be sep 
arated from the hydrocarbon. Other ?uids such as cryo 
genic liquids (liquid helium, hydrogen and nitrogen) 
may be used, to reduce electrical losses. Other typical 
liquids processed are ?orocarbons, silicones, and hydro 
carbons. A typical gas processed is sulfur hexa?oride 
(SP6) 

Referring back to FIG. 5 the porous media 107 in 
the space between the electrodes may be carried adjacent 
the inner side of the outer electrode 102, as also seen in 
FIG. 8, or it may be carried at 10712 adjacent the outer 
side of the inner electrode 1011) as in FIG. 6. Alternatively, 
the porous media may ?ll the space between the outer and 
inner electrodes, as seen at 1070 in FIG. 7, the electrodes 
there bearing the numbers 101c in FIG. 7, the electrodes 
there bearing the numbers 1010 and 102C. The porous 
media functions to trap particulate, in the ?uid in the 
space 104, and tending to migrate (as by dielectrophoresis 
and electrophoresis) in the direction of the electric ?eld 
indicated by vectors E extending between the electrodes 
101 and 102 (or their equivalents in FIGS. 6-8) and estab 
lished by the voltage application to those electrodes, as 
described. Thus, arcing between the electrodes due to 
particle migration or “chaining” a long electrical lines of 
force is substantially reduced or eliminated. 
The media 107 may consist of reticulated plastic mate 

rial, as for example polyurethane foam. Such material may 
be given a tacky coating to enhance its particle entrapping 
physical characteristics, or the tacky coating may be ap 
plied as particle entrapping media to the elements 101 or 
102, or to then previously coated surfaces. Such coating 
may have a relatively high dielectric value and electrical 
resistance, an example being uncured glue insoluble in the 
?uid being cleaned. 
The porous media may alternatively consists of porous 

ceramic material, or porous matrix material such as steel 
wool or glass wool. A suitable coating characterized by 
high dielectric and high electrical resistance qualities, may 
be added. Such porous material, if hydroscopic at its sur 
face, may serve to strip water particles from hydrocarbon 
?ow in space 104a, as in FIG. 8; one example is glass ?ber. 
In that event, the coalesced water particles can be removed 
by entrapment or by draining after the ?ow is shut down. 
The porous media may alternatively consist of an etched 
portion or layer of the inner or outer electrodes. Trapped 
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particulate may be periodically removed as by flushing, us 
ing a high velocity ?ow of ?ush ?uid through space 104. 

FIG. 6 also illustrates the existence of a magnetic 
?eld in the space 10411. Merely as illustrative, a means to 
establish such a ‘?eld, indicated by the arrows H, may com 
prise a coil 110 extending about axis 103b and to which 
electrical current is supplied. 

Finally, the referred to dielectric on the elements or 
media may include one or more of the following: the coat 
ing on the porous media as referred to; a dielectric coating 
or layer 112, 112a and 112s adjacent the electrode 101, 
101a and 101C as in FIGS. 5, 7 and 8; and/ or a dielectric 
coating or layer 113 or 113b adjacent the electrode 10217 
and 1020 as in ‘FIGS. 6 and 7. Such coating may for ex 
ample consist of a suitable high dielectric ceramic or 
plastic material, examples being common electrical insula 
tor ceramic, polyethylene, polystyrene, polyvinylchloride, 
and tetra?uroethylene. The dielectric increases the elec 
trical ohmic resistance in the radial direction of the E 
?eld, one typical resistance value of a suitable dielectric 
being about 1018 ohms per centimeter. Other protective 
coatings may be used, for chemical compatibility with 
?uid, and for modifying electrical properties of the sur 
faces. Using suitable coatings, higher electrically conduc 
tive ?uids may be used, since Without such coatings, the 
process is limited to ?uids having a volume resistivity of 
about 109 ohms/cm?. Using such coatings, ?uids having a 
volume resistivity of less than 1 megohm/cm.3 have been 
satisfactorily used in the process. A protective outer lining 
appears at 300, 300a, 30% and 300c in the views 5-8. 

I claim: 
1. An electrostatic ?lter having a stabilizing electric 

?eld, comprising: 
(a) an elongated tubular inner electrode element, 
(b) an elongated tubular outer electrode element spaced 
from and containing the inner element, whereby an 
electric ?eld may be established between the elements, 
said space adapted to contain ?uid, 

(c) particle entrapping porous media in the space be 
tween the elements and extending concentrically to 
trap particles tending to migrate in said space and in 
the direction of said ?eld, 

(d) dielectric material extending in solid, tubular form 
in said space and about the inner electrode element, 
the dielectric material and said porous media com 
pletely bridging said space between said electrode ele 
ments, and 

'(e) means for supplying particle entraining ?uid to 
said space, said ?uid having a volume resistivity with 
in a range the lower limit of which is about one 
megohm per cubic centimeter. 

2. Apparatus as de?ned in claim 1 including means 
establishing a magnetic ?eld in said space. 
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3. Apparatus as de?ned in claim 1 wherein said particle 

entrapping media extends across a substantial portion of 
said space. 

4. Apparatus as de?ned in claim 1 de?ning a cable, and 
including means to supply electrical power to the cable 
for transmission thereby, there being a protective outer 
lining extending about the outer electrode element. 

5. Apparatus as de?ned in claim 1 wherein said means 
for supplying ?uid includes a source of said ?uid which 
consists of a hydrocarbon. 

6. Apparatus as de?ned in claim 1 wherein said media 
consists of a foamed plastic. 

7. Apparatus as de?ned in claim 1 wherein said di 
electric is in the form of a coating on the porous media. 

8. Apparatus as de?ned in claim 1 wherein said di 
electric is in the form of a coating on at least one of said 
elements. 

9. Apparatus as de?ned in claim 1 wherein said dielec 
tric is tacky. 

10. An electrostatic ?lter having a stabilizing electric 
?eld, comprising: 

(a) an elongated tubular inner electrode element, 
(b) an elongated outer electrode element spaced from 
and containing the inner element, whereby an electric 
?eld may be established between the elements, said 
space adapted to contain ?uid, 

(c) particle entrapping porous media in the space be— 
tween the elements and extending concentrically to 
trap particles tending to migrate in said space and in 
the direction of said ?eld, means for supplying parti 
cle entraining ?uid consisting of a hydrocarbon to 
said space, said media being hydroscopic to strip 
water particles from said ?uid, said ?uid having a 
volume resistivity within a range the lower limit of 
which is about one megohm per cubic centimeter, and 

(d) dielectric material extending in solid tubular form 
in said space and about the inner electrode element, 
the dielectric material and said porous media com~ 
pletely bridging said space between said electrode 
elements. 
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