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To all whom it may concern:

Be it known that I, Artaur F. Nussrr, a
citizen of the United States, residing at
Wilkinsburg, in the county of Allegheny
and State of Pennsylvania, have invented
new and useful Improvements in the Art
of Removing Suspended Particles from
Fluid or Gaseous Bodies, of which the fol-
lowing is a specification.

This invention relates to the art of re-

© moving particles of matter from fluid bodies

in which they are held in suspension.
Heretofore electrical discharges have been
employed for the purpose of removing sus-
pended matter from fluids, which discharges
may consist of brush discharges, the elec-
trical wind, the corona discharge, ete. The
nature of these discharges is not well known
but they involve, among other phenomena,
secondary ionization of the fluud medium,
which may be due to the collision of the ions
with the fluid particles, or it may be due in
part to electromagnetic waves or pulses. It
1s known, however, that electrical discharges
of this kind result in a copious production
of ions. Any discharge can be effected only
by the use of one or more electrodes placed
in or near the said fluid medium, and the

electrical discharge may be caused to take -

place from one electrode, which is desig-
nated the active electrode. In the art of re-
moving matter from fluids the electric field
may be made very concentrated near the
active electrode in order that the luminous,
heat, and ionization effects may be localized
in the neighborhood of said electrode. The
secondary ionization produced in this region
results in the production of a large number

of positive and negative ions. "The ions -
having charges dissimilar to that of the.
active electrode are attracted toward it and-

are said to give up their charge to this elec-
trode as ions of the said sign of charge.
Tons possessing a sign of charge that is the
same as that of the active electrode are re-
pelled from it and if the secondary ioniza-
tion is sufficiently intense and continuous,
this flow of ions will be designated as a
stream of ions, or an electric current.
One of the objects of the present inven-
tion is to utilize these phenomena in remov-
ing suspended matter from fluids, by passing

‘the fluids containing the matter to be re-

moved between an active and a grounded
electrode, the latter preferably surrounding

the former wholly or in part. It is obvious
that the grounding of either electrode is a
matter of convenience, and hereafter the
term “ grounded electrode ” will be used to
designate the electrode near which the in-
tensity of the electrical field is comparatively
weak. A further object is to provide vari-
able and shifting electric fields throuch
which the fluids are caused to pass, whereby
the highest possible precipitation of the sus-
pended particles is obtained.

The shape of the grounded electrode may
vary according to the work to be done, de-
pending upon the conditions under whic
the fluids containing the matter to be re-
moved are to be treated. These different
conditions may well be illustrated in the
problems of the precipitation of smoke pro-
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duced in round houses, railroad tunnels, and

in general wherever incomplete combustion
takes place; the precipitation of fumes and
the dust from blast furnaces of various types,
ete. The velocity of the fluid or fluids to be
treated, the space available for the precipi-
tation chambers, and the possible methods
for cleaning, differ widely, depending upon
the particular problem under consideration
and the results to be effected.

The invention will be hereinafter fully set

forth and particularly pointed out in the

claims,
In the accompanying drawings:—
Figure1 is a diagrammatic view illustrat-
ing my invention. Fig. 2 is a plan or end
view 1llustrating the relation of the elec-
trodes in their simplest form. Figs. 8 and

.8% and Figs. 4 and 4 are side and plan views

respectively, illustrating the theory of the
present invention. Figs. 5 and 5%, Figs..6
and 6% and IFigs. 7 and 7* are side and plan
views, Tespectively, of various modifications.
Figs. 8, 9 and 10 are sectional views illus-
trating additional modifications. Figs. 11
and 12 are end views illustrating the manner
in which fields are shifted by deposits on the
active electrodes, Tig. 18 is a side elevation
of another modification.

As above pointed out, it is a well known
fact that the discharge of electricity into
a gaseous or fluid medium containing sus-

pended particles gives rise to a more or less

complete precipitation of these particles.
To accomplish this result the gaseous or
fluid bodies are made to pass throughi the
electric field. It is evident, however, that
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2

in the part of the field where the discharge

is weakest there will be found. the least tend-
ency toward precipitation. To illustrate,
a_wire, circular in cross section, may be

5 placed a trifle out of the axis of a surround-
" ing cylindrical casing or pipe of conducting
.material, and it will be readily observed
that under these conditions, the intensity
of the electric field will not be uniform, and

10 there will not be a perfect radial symmetry
to the electrical discharge from the wire be-
cause of the eccentric position of the latter;

in other words, the ionization field produced
between the electrodes is unsymmetrical in

15 the intensity of the field on a cross section
" of the electrode systems or the stream flow-
ing through the field. Thus, in Fig. 2 the
center of the pipe is at 10 and the axis of
the wire 11 is at 12, the distribution of the

20 electric strain lines being somewhat as indi-
cated by the lines 13 radiating from said
wire. 1f smoke, cement dust, fine ashes,
alumina dust, or similar suspended parti-

cles should be blown through the pipe 10,

25 the density of the suspended particles within
the pipe will be greatest in that portion of
the electric field which has the least number

~of strain lines. That is, that part of the
gases carrying the suspended particles which

30 passes through the region 2 will experience

a more complete cleaning or precipitation -

of its contained
gion #.
If, in lieu of the eccentric wire, a group
35 of two or more smooth and bare wires,
either parallel to cach other, or uniformly
twisted together or twisted about a cen-
tral wire is placed within a pipe or casing
which may or may not be grounded, the
40 electric field will have its strain lines some-
what as illustrated in Figs. 8¢ and 4°, what-
ever may be the potential above the corona
formation value, up to the sparking volt-
age; in other words, the ionization field will
45 be dissymmetrical in- field intensity on a
cross section of the electrode systems of the
Stream passing through the field, each of
the wires producing the unsymmetrical in-
tensity effect with respect to the portion of
50 the field which is produced by it. In Figs,
3, 3%, 4 and 4% the wires 15 are parallel to
each other throughout their length and in-
closed by the surrounding electrode 16. The
wires are so placed that they form a sym-
. 55 metrical grouping about an imaginary line
coinciding with the axis of the pipe, 4. e.
the wires are ecceatric with respect to the
axis of the pipe. The strain lifes are as
represented, and 17 and 18, Fig. 3%, and 19,
60 20, and 21 in Fig. 42, are the least active
portions, due to the mutually repellent ac-
tion of the strain lines in the cusp-like por-
tion of the medium about the surfaces of the
wires, and symmetrical about the lines
65 17—18, Fig. 3, and 19, 20, and 21 of Fig.

particles than in the re-
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42, respectively. As the particlefaden gase-
ous or fluid stream passes through the pipe
there is a tendency of the suspended parti- -
cles to flock into this neutral or inactive
cuspal zone, as it might be called. Just as 70
soon as this occurs there is an increase in .
the dielectric capacity of this cuspal zone:
in the case of all gaseous or fluid bodies for

~which a greater density of suspended par-

ticles corresponds to a less resistance to the 75
flow or discharge of electricity. As a re-
sult of this increase in the dielectric capacity

of this region, the electric strain lines having
their origins or terminals on these wires,
flock more thickly into this same region and 80
simultaneously become less dense in the re-
gions where the electrical field was formerly

of greatest intensity. It will thus be seen
that the electric strain lines are subjected to

a shifting of their ends and origins between 85
the directions 17—18, and 19, 20 and 21,
or the converse. This swaying, traveling,
or swinging electric field has a beneficial
effect in dislodging the deposit or accumu- :
lation of the suspended particles which may 90
have been precipitated upon the inner walls
of the pipe or conduit.

The tendency of these cusp-like regions
to become filled with tarry or other sub-
stances of greater dielectric capacity than 95
air will after a time cause the accumula-
tions to assume the appearance indicated in
Figs. 11 and 12, in which the deposited ma-
terial is indicated at 22. Just as soon as
the radial depth of this deposit becomes suf- 100
ficient for the voltage difference maintained
between the wires and the pipe to cause a
disraptive discharge along such path, there
will be an immediate breaking loose of a
large patch of this accumulation about the 105
cuspal zone through which the disruptive
discharge takes place. The result is a dis-
lodgment of this deposit; in the vicinity of -
the spark, not only along the lines indicated,
but more or less along all the regions sym- 110
metrical to the radial lines indicated, and to
some distance along the wire either side of
the point at which the discharge ocecurs.
This dislodgment is also aided by the tend-
ency of the wires to be set into more or less 116
feeble vibration. These operations are oc-
curring simultaneously and are associated
with the lateral shifting of the strain lines
in their to and fro excursions, and may take
place at any region throughout the length of 120 .
the wires. What has thug far been said
about the groups of wires in Figs. 3, 8%, 4
and 4% may be extended to twisted or
braided groups of wires as indicated in the
other figures. , ‘ 125

In Figs. 5 to 9 the electric field takes the
form of a_double cork screw of greater or
less pitch depending upon the closeness with
which the twists are made. Thus, the corona
discharge from each wire takes place” most 130
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copiously along one of the twisted elements
of the surface of the said wire farthest from

- the symmetrical axis of their grouping.
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This corkscrew form of field causes the
smoke, fumes, or other particle-laden gase-
ous or fluid bodies to take up a more or less
helical or tortuous 1ga‘uh during its passage
through the pipe. Hence, for a given length
of pipe such groupings of smooth wires as
suggested by IFigs. 5, 6 and 7 will have the
advantage of being more or less self-clean-
ing of deposited material due to the swing-
ing action of the corkscrew field and at the
same time will be equivalent to a longer pipe
with straight wires within it. The wires

~should be quite small in diameter consist-
ent with the tension to which they are sub-
jected to prevent anything but the slightest

vibration, and at the same time have the
electric field- as intense as possible at the
surface of the wires. The more intense
the field is maintained at the surface of the
wires, corresponding to a value of the volt-
age difference between the wires and the
pipe, (just below the break down voltage)
the more rapidly will ionization take place,
and the precipitation of the suspended par-
ticles in the gaseous or fluid bodies will be
more complete. In Fig. 7, 60 indicates the
central wire about which the other wires
m?/ be wound. S

he spirals may be wound more or less
closely together as indicated in Figs. 5, 6,
and 7, or they may be separated in diameter
and pitch as indicated in Fig. 8. Such a
spiral, helical, or corkscrew grouping of
wires for the active electrode will give a
very decided tendency for the gaseous and
fluid streams to assume a tortuous or helical

form of path in their travel through the’

pipe or surrounding conductor. When such
a grouping is made of fine wires the tendency
for harmonic vibration of each individual
helix may be destroyed by tying them to-
gether at intervals. Again, there may be
one helical spiral within another, and of
smaller diameter, and of the same or re-
versed winding, as illustrated in Fig. 10.
These cork-screw or spiral electric fields,
by imparting to the gaseous or fluid bodies,
a spiral or helical form of flow during their
passage through the electric field, cause the
said bodies as well as the particles suspended
therein, to be acted upon by a centrifugal
force which- tends to throw them out radi-
ally toward the inner wall of the surround-
ing conductor. :

The centrifugal forces which ‘are thus
brought into existence play a more or less
prominent part themselves in causing a
separation of the gaseous and fluid bodies
from the particles suspended therein. In
other words the centrifugal “process” is
quite efficient, in itself, in producing a sepa-
ration of suspended particl%s from gases, for

2

the reason that there is usually a consider-
able difference in the masses of the particles
to be separated. This is particularly true
in the application to the separation of ore
dust from blast furnace gases; in the cement
and aluminum industries, and in fact wher-
ever the relative densities of the gaseous or
fluid bodies and the suspended particles are
very different. A more intense localized
spiral field may be obtained as shown in Fig.
13 by placing within the.outer electrode 56
and against its inner wall, a helical wall 55
of the same pitch as that of the active elec-
trode 57 here described. This electrode 57
is indicated simply in dotted lines; but may
take any of the forms herein described.
The centrifugal forces here introduced are
very important.
he same results may be obtained by the
use of a single conductor 30, as illustrated
in Fig. 9, or a fine wire wound upon the V-
ridge of an insulating or non-conducting
support. In Fig. 9 the conductor is pro-
vided with a helical groove or thread 81.
The pitch of this groove or thread may
vary, depending upon the number of spiral
turns into which 1t is desired to throw the
gaseous or fluid stream during the passage
through .the electric field and also upon
the velocity of these same particle laden
streams. The distribution of the electrical
strains in all of the figures in which the
spiral field is maintained is indicated at 25.
As will be readily understood, a discharge

electrode, such as described, will, where the

radial distance between the edge and the
outer electrode remains constant through-
out the length of the edge, even though the
edge be in spiral form, produce a zone which
will be continuous throughout the length of

the edge, a result which is obtainable by the:

use of a tubular outer electrode, circular in
cross section, with the axis of the discharge
electrode on the symmetrical axis of the
tube,

In the construction shown in Figs. 6, 7,
and 9 it will be further apparent that the
spiral discharge electrodes offer but slight
resistance to the direct flow of the gases and
that the radial length of the flow path is
substantially equal to the radial length of
the ionization zone.

It will be obvious to those skilled in the
art that the process of producing variable
and shifting electric fields is modified
slightly by the form assumed by the closed
conductor or pipe surrounding the wires,
and I accordingly do not desire to limit my-
self to the pipe of circular cross section,
which is merely used for illustrative pur-
poses. In practice the central group of
wires and the surrounding pipe or conduc-
tor are commonly termed the active and
grounded electrodes, respectively. The ac-

. tive electrode constitutes the group of twires
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since the electric field is most intense at its
surface and it is here that the ionization is
most intense. The outer electrode or pipe
is usually grounded as a precaution against
danger and as a means of saving insulating
material. v '

The electric current may be supplied ‘in
any suitable or desired manner. In the

. drawings, Fig. 1, I have illustrated a gen-
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erator 40, and a transformer 41 having a
primary low potential circuit and a high po-
tential circuit, the latter being connected to a
suitable rectifying device 44 of any pre-

‘ferred construction. In the method of

cleaning the electrodes by a disruptive dis-
charge, as herein described, it is necessary
to have certain predetermined relations be-
tween the capacity, self induction, and. re-
sistance factors of the high tension circuit

so that the discharge is disruptive when the .

~ distance between the electrode and the de-
. posited matter is less than the disruptive

potential distance of the.gaseous or fluid

 bodies. For the purpose of producing dis-

26

ruptive or oscillatory discharges various
suitable conditions may be imposed upon

" the electrical circuits connected to the aetive
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and grounded system of electrodes. For the

- purpose of illustration, besides the resist-

ance, -capacity and self-induction- of .the

transformer itself, I'have shown in Fig, 1

certain combinations. of resistances 45 and
46, capacities 47, 48, self-inductances 49, 50,

and spark gaps 51, 52, distributed in the

secondary circuit, so that under working
conditions electro-magnetic oscillations of
the proper fre%ency and damping factor
are produced. These resistances, capacities,
self-inductances and spark gaps are placed
in whatever parts of the circuit found most
suitable or desirable for the results desired,
and for obvious reasons I do not limit my-
self to the precise arrangement illustrated,
either as to the relative positions of the rec-
tifiers, resistances, inductances and capaci-

.ties, or of the type of rectifier employed.

Having now described the manner of pro-
ducing the variable and shifting electric
fields of more or less complex form, what
I claim as new and for which I wish Let-
ters: Patent is hereinafter set: forth :—

1. In the art' of producing electrical pre-
cipitation of particles from fluid -or gase-
ous ‘streams, opposing electrode systems
adapted to produce an ionization field, the
discharge system comprising a plurality of

. wires constituting the - discharging means

60

-arranged spirally in the direction of length

of the system, each wire having its axis out

of the axis of symmetry of the opposing

1,357,201

electrode systemn to produce & dissymmetri-
cal fleld intensity on cross sections of the
systems, field portions of like intensity vary-
ing as to position relative to a longitudinal
plane of such field, whereby the stream will
tend to flow spirally through the field.

2. In the art of producing electrical pre-

cipitation of particles from fluid or gase-

ous streams, opposing electrode systems
adapted to produce an ionization field, the
discharge system comprising a spiral dis-
charge electrode constructed and arranged
to O%er but slight resistance to the direct

‘flow of the gases and having continuous

spiral discharge edges.

3. In the art of producing electrical pre-
cipitation of particles from fluid or gase-
ous streams, opposing. electrode systems
adapted to produce an ionization field, the
discharge system comprising twisted con-
tinuously linear discharge electrodes.

4. In the art of producing electrical pre-
cipitation of particles from fluid or gase-
ous streams, opposing electrode systems
adapted to produce an ionization field, the
discharge system comprising twisted wires
which constitutes the discharging means.

5. That improvement in the art of pro- -
" ducing electrical precipitation from fluid
or gaseous streams which consists in estab-
- lishing a continuous ionization zone extend-

ing spirally in the direction of the length
of the flow path and making the radial
length of the flow path substantially equal
to the radial length of the ionization zone.
6. That improvement in the art of produc-
ing electrical precipitation from fluid or
gaseous streams which consists in establish-
ing a plurality- of continuous ionization
zones in the flow path of a stream, said

“zones extending spirally in the direction of

length of the stream flow path and making
the radial length of the fiow path substan-
tially equal to the radial length of the ioni-
zation zones, . o0 0

7. A discharge electrode for electrical
precipitating apparatus, consisting of a-con-

ductor having projecting and discharging

portions -extending longitudinally thereof,
said conductor being twisted so that the

projecting and discharging portions extend

spirally thereof.
- In testimony: whereof I have hereunto set
my hand in presence of two subscribing
witnesses. R -
L ARTHURF NESBIT.
Witnesses: =
Arperr H: Korsom,
- W. J. Mookas. .
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