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This invention relates broadly to apparatus for

providing a charged spray of discrete non-gas-
eous particles; and, specifically, to a nozzle-de-
vice, having an electrode associated with it, for

producing &.spray which is electrically charged. .

In another sense, the invention is directed to im-
provements in -electrical -qust-precipitators of a
type shown in the Gaylord W. Penney Patent No.
2,357,354 of September ' 5, -1944,- which ‘uses a
means for producing a charged spray.. Such an
improved dust-precipitator, in. accordance with
my invention, has a modified operation with an
improved efficiency. -~ SN i

In the removal of dust-particles from a flow-
ing gas-stream, in accordance with the afore-
said patent, the gas-borne dust-particles are first
given an electrical-.charge of a predefermined po-
tential-polarity, and ‘then- are precipitated by
means of an electrically-charged spray of very

fine drops through which the dust-carrying:gas -

is passed. The spray-drops are charged with a po-
tential-polarity opposite to that given to the dust-
particles so as to attract and combine with them.
The gas is cleaned by subsequently separating

the spray with the attached dust-particles from 2

the gas-stream.: - == - = . TN

My invention seeks to:improve upon such elec-
trical dust-precipitators. The aforesaid: patent,
while not limited thereto, shows several forms of

equipment with which-a spray can be produced .

and electrically charged. The spray is obtained
by providing a spraying-device having a liquid
discharge or liquid emitting opening at the end
of a single tapered member, or a plurality of such
openings associated with a single pipe-member.
The spray-drops ‘are charged inductively by hav-
ing such member, at which the spray originates,
serve as an electrode-means of opposite- poten-
tial-polarity with respect to another electrode-
means relatively insulated therefrom so thai an
electrostatic fleld exists at-the point at which
the spray leaves the member. -The spray-drops
are electrically -charged with a polarity which is
opposite to that of the insulated electrode-means
and to that on the gas-borne dust-particles.
In apparatus of this kind,: it is-desirable, to
provide as.large a net or total charge as possible
on the spray; but if the voltage or electromotive
force between the -oppositely charged electrode-
means is continuously increased, a point is
reached in which this net total charge no longer
increases but, on the contrary, may actually de-
crease. This can be explained.- The relatively
insulated electrode-means is close-to the path of

the main part of the spray so that mist-particles
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bordering the spray actually impinge on, and
some spray-drops are electrically attracted to,
the relatively insulated electrode-means. The
liquid collects on an electrode means and soon
there is enough to form a plurality of large drops
on this electrode-means, the drops becoming
charged to the potential of the latter. If the
electric field at this electrode-means exerts a suf-
ficient force, the drop will be pulled out of shape
into a point and will discharge an ionizing cur-
rent of charged matter which is of the same sign
or potential-polarity as that of the relatively in-
sulated electrode-means. This charged matter
tends to neutralize the opposite charge on the
spray to an extent depending upon the intensity
of the total ionizing current coming from the
drops.  In extreme cases, the number of dis-
charging drops and the intensity of their dis-
charges may be sufficient to actually reverse the
polarity of the charge on the spray, practically
nullifyineg any electrostatic dust-precipitating ef-
fect it might otherwise have.

It is a further object of my invention to im-
prove an electrical dust-precipitator of a type
described, by inmiproving its means for producing
a charged spray and also by arranging this means
so as to aid dust-precipitation. o :

Hereinafter in the description, in order to read-
ily distinguish the drops collected on the elec-
trode-means from those of the spray, the former
are referred to as drops and the latter as drop-
lets, or particles. It should be understood that
the drops are generally considerably larger than
the droplets in the spray, and can be readily seen

5.0n an. electrode. -

For producing a charged spray, any suitable
means may be used.  Several examples comprise
a nozzle which directly emits the spray, as shown
in Figures 1 and 2 of the aforesaid patent, and a
pneumatic nozzle-device in which a gas, usually
air, is used to break up a liquid into fine particles
which the gas carries along in the form of a
spray, as shown, for example, in Fig. 3 of the
aforesaid patent. - - -

-In order to charge the spray-droplets, an in-
tense electrostatic field is provided at the point
or opening at which the spray originates that is,
a high field-gradient is provided at such point.
The relatively insulated electrode-means, which
aids in providing this electrostatic fleld, is pref-
erably close to the point and along the main
path of the spray which flows past if, so that
liquid necessarily collects on it. The liquid gives
up its original charge to this electrode-means and
is inductively charged thereby to the potential
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of the electrode-means so that the liquid becomes
charged to a polarity opposite to that which this
liquid originally had as part of the spray. Since
the liguid is mobile, it can be moved about on
this electrode-means by forces acting on it which
result from gravity and from any electrostatic
field established between the electrode-means
and a regxon or- ~surface of 0pp051te polarity.
Without ‘the improvement of my invention, the
spray-charging electrostatic field is mainly that
provided between the nozzle-tip from which the
spray emits and the relatively insulated elec-
trode-means. If this field provides a fleld-gradi-
ent at the electrode-means which is sufficiently
high, the collected drops will be distorted and
discharge an objectionable ionizing current, as

described above in connection with-the electro-
static dust-precipitator, thereby limiting the in-
tensity to which the field can be raised under a
g1ven set of conditions.

. My. invention. seeks. to mmrove upon ‘the pro-
ducing of a charged spray.. .

It .is an object of my 1nvent10n to mcrease the
charge that can be nnparted to. & spray of dis-
crete partlcles.

Tt is a further obJect of my mventmn to pro-

vxde apparatus for producing a-charged liquid-
spray. in -which - the spray-droplets are highly
charged- substantlally at-the source of the spray,
and the net spray charge is not thereafter de-
creased. .
- In accordance with preferred forms of my in-
vention, I. provide a construction which will in-
troduce forces - which. will - permit the soray-
charging- e‘ectrrstatlc field to- be ‘increased with-
out mfroducmt{ the- obmctionablo discharge from
the.collected drovs. -Tn some forms of my inven-
tion, I-arrange the- electrode-means so that the
collected. drops face away from the oppositely-
charged: novzle-device: and snrayv. - In still an-
other f~rm of mv invention I drain off the col-
lected - liouid throvgh a high-resistance piping.
-rOther -objects,  features, innovations, elements
and- combinations-of my:invention will be dis-
cernible from:the: following descrivtion which is
to be token in coniunction mth the accompany-
ing schewatic drawings. :

--In'the drawings,.which are not to scale:"

‘Figrre 1 is a vertical sectional v1eW of an em-
bodlment of my invention;...

- Pig. 2 Is a vertiesl sectlonal view of part of
an. ‘el=ctrical - dvst-nrecinitator embodymz an-
other form of ‘mv-invention;

Fig. 3 is a view similsr to Fig. 2, but of still an-~
other form. of my-invention:

.- Pig. 4 is a - horiznntal sectional view, taken sub-
stantlallv on the line IV—IV of Fig. 3; T
#~ Fig. b Is a vertical sectional view of an’ electri-
ca.l dust-precivitator embodying a further form
of'my invention; 07 -

.- Pigs. 6 end 7 are a plan and a vert1ca.l sectlonal
view, resvectively, of an electrode utl’lzable in
an avplication of my invention; ~

- Yig: 8 is 2 plan view of another form of elec-
trode; - .

> Fig. 8A is 2 vertical sectional view of an elec-
trical dust-prempitator emhodymg th e electrode
of Fig. 8t

‘Fig.9is'a vertlcal sectional view of an electrical
dust-prempitator embodymg stlll ‘another form
of my invention; = "

~Figs: ‘10 and 11 are sectional views, taken sub-
stantially on the lines X-—X and XI1—X1, respec-
tively, of Fig. 9; il

10
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Fig. 12 is a vertical sectional view of a further
form of my invention;

Fig. 13 is a view showing an apparatus, in ac-
cordance with my invention, for producing a
charged spray;

Fig. 14 is an enlarged sectional view, take
substantlally on the line XIV—XIV of PFig. 13
and

Fig. 15 is a curve showmg the relationship of
the charge put on a spray-liquid as a function of
the voltage between g nozzle and associated in-

.- sulated electrode.
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A device for producing a highly-charged lig-

uid-spray operating in accordance with hn prin-
ciples of my invention is shown in Figure For
convenience, the spray-producing nozzle-device
has been shown as a metal pipe 2 having 2 coni-
cal metallic spray-discharge nozzle 4 which con-
verts a liquid supplied under pressure to the pipe
into a coniecal spray 8§ which so passes through
a toroida' or ring-shaped electrode 8 that the
visible outline of the sprav clears the inner pe-
riphery of the electrode. The electrode 8 is rela-
tively insulated from the spray-discharge nozzle
A but arranged as closely as convenient to the
extreme opening or point of the spray-discharge
nozzle 4 from which the svray comes.  The sepa-
ration is usually determined by the magnitude of
the voltage applied between the spray-discharge
novz'e 4 and the electrode 8, and should be such
that there is no danger of objectionable break-
down or arc-over. A source of electric power, in-
dicated as a direct-current battery 8, has one
end connected to the pive 2 and the other to the
electrode 8 for maintaining the nozzle-tiv and the
electrode 8§ at opposite potential-polarities. Ac-
cordinglv, the nozzle-tip is, in eTect, an electrode
which is charged ovpositely from the electrode 8.
Preferably, the whole svray-producing device,
which includes the pive 2 and nozzle 8, is
grounded, as indicated at 2.
- In the operation of enruipment having only the
parts thus far particvlarly described, there vsu-
allv is an extremely fine mist along the outside
of the spray, or other spray-liquid which reaches
the electrode 8. Such liquid can accumulate on
the electrode, forming large distinct drops there-
on. If the electrostatic field between the spray-
discharge nozzle § and electrode 8 is sufficiently
areat, the drops will be attracted to the inner side
of the electrode and be deformed so as to point
toward the charged sprav 6. Since the drops are
in contact with the electrode 8, they become
charged with the same sign and consequently dis-
charge in a manner for introducing charged mat-
ter of the same potential-polarity into the spray
region, this potential-polarity being opposite to
that originally imparted to the spray-droplets.
Such an effect limits the charging potential to
which the electrode 8 may be raised with respect
to the nozzle or electrode 4. :

This is illustrated in Fig. 15 in which the ordi-
nates represent the net charge per cubic centi-
meter of spray-liquid and the abscissae the volt-
age or electromotive force between a nozzle-tip
and a relatively insulated spray-charging elec-
trode of o device along the lines of Fig. 1 having
only such parts as electrodes. At first, the total
charge on the spray after leaving the nozzle-tip
increases as the voltage is increased. The volt-
age can be increased for increasing the space-
charge of the spray, that is, the net spray charge,
but a range is reached where the drops on the
insulated electrode face toward the spray and are
drawn into points discharging into the spray-
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region. The net spray charge then levels off with
greater voltages. ‘A condition . is wltimately
reached, indicated at M, beyond which any fur-
ther increase in the voltage increases the dis-
charge from the drops more than it adds to the
charge of the liquid coming from the nozzle-tip.
The result is that the net or total charge in the
spray is lowered with further increases in voltage
beyond M. The maximum point, corresponding
to M, is determined by the physical set-up of a
‘particular apparatus; ‘but, in general, the curve of
Fig. 15 is found to be followed where 3 nozzle-tip
‘and an electrode-means, or the equivalent, con-
stitute the charged-spray-producing means. In
accordance with my invention,; méans is provided
which opposes or overcomes such drop-discharge
effect, altering the curve of Fig. 15 so that the
net spray charge still mcreases with mcreases in
voltage beyond M.

- To this end, in Fig. 1 I prov1de another ring—
shaped electrode {4 which is closer to the elec-

‘trode 8§ than'it is to the spray-discharge nozzle
‘4. By groundmg the electrode 14; as indicated at

16, an' electrostatic field is established between
the electrodes 8 and 14, which “also acts on the
collected _drops., 'The electrostatlc forces which

;result from ‘the" reactmn of a charged drop and

the field bctween the electrodes 8 and 14 act on
the drops but those forces are opposed by the

forces which result from the reaction of the 3

charged drop and the field between the electrode

‘8, on the one hand. and the combined nozzle 4

and spray 6 on the other hand. By creating an

adequate field gradient at the electrode 8 directed |
‘toward the electrode (4, the drops are pulled to

the outside of the electrode 8, hecome distorted

into points, and electrically discharge toward the

electrode 14 instead of toward the spray. Such
drops are indicated at 18, five of them being ar-

bitrarily shown in Fig.. 1. With the connections

shown, increasing the voltage between the spray-
producing means, as ‘oneé electrode, and the rela-
tively insulated electrode.8 also- increases that

between the electrode 14 and the electrode 8. By

making the electrode ‘(4 Jarger than the electrode
8 and arranging it below the electrode 8, the dis-
charge is in a direction away from the spray, so
that it can not adversely aﬁect the net charge
on, the spray.

In Fig. 2,1 show the adaptatmn of my inven-
tion to -an- electrical’ dust-precipitator such: as
shown in the aforesaid Penney patent.. @A

grounded . circular-metal -gas-duct 20 .includes

therein an upstream dust-charging means. or ion-

‘izer comprising &’ metal ‘cylinder:22 concentric
with-the duct .28 and an insulated positively-

charged ionizing wire 24 along:its® axis.for pro-
ducing ions. On the downstream side of this
zone, any suitable’ metallic spray-producing
means 25 is provided ‘which is conductively con-
nected to the duct 20 or fo a negative-terminal
of: a source of. direct, current. ; Associated with

is:an_electrode-
means comprising .a. nng-electrode 28 insulatedly

" supported.. within the.duct 28:by an. msulator -30

in suitable relation to the tip of the spray-pro-
ducing means 25...The rmg-electrode 28 is main-
tained at @ high posmve potent1al—polar1ty with
respect to-the spray-producing means 26 through
an.insulated conductor:32 -passing . through the
gas- duct means, so that the spray:34 is charged.
Any drops which collect on the electrode-28, by
impingement or: by -electrostatic -attraction, are

made to discharge:to the grounded duct. 20 by
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having the ring-electrode 28 of such size as o be
closer to the duct than to-the spray-producing
means 26. Obviously that part of the duct 28
which faces, or is opposite from, the electrode
28 constitutes, in effect, an electrode that is in-
sulated from the electrode 28, and one that func-
tions in the embodiment of Fig. 2 in the same
way as the electrode 14 functions in the embodi-
ment of Fig. 1. The spray-charging voltage can
be raised because the discharging drops which

would . otherwise reduce the net charge in the

spray now discharge toward the gas’-duct 20,
away from the spray region.

Causing the drops to discharge toward the duct
20 has the further advantage of aiding the charg-
ing of the dust-particles in the part of the gas-
stream passing between the duct 20 and the elec-
trode 28, because the charglncr action of the
pointed drops is the same as that of the ioniz-
ing wire 24, and such part of the gas-stream has
not yet mingled with the charged spray.

'Grounded field-affecting electrodes 36 are pro—
v1ded below the ring-electrode 28 for keeping

‘down the space-charge within the spray after

the spray has spread across the gas- -duct. The

‘nearest electrode 36 may be farther from the

electrode 28 than the nearest pomt of the
grounded gas-duct 20.

If Gesired, the grounded gas-duct of an elec-
trical dust-precipitator, such as shown in Fig. 2,
can be provided with a curved section acting as
an electrode-means for providing the secondary
electrostatic field extending to the insulated elec-
trode. 'This embodiment is shown in Fig. 3 in
which an ionizing wire 38 and associated elec-
trode-means 49, within the metal gas-duct 42,
provide a dust-charging means in an upstream

‘wone in which gas-borne dust-particles are

charged. The downstream precipitating zone
comprises, briefly, any suitable grounded spray-
producing means 44 and associated insulated elec-
trode 456. A curved electrode-means 48 is pro-
vided as part of the gas-duct 42, the electrode
means 48 being coaxial with the insulated elec-

trode 46.

The dust-particles can be charged posmvely
and the spray-drops negatively, or vice versa, as
more fully explained in the aforesaid Penney
patent. To indicate these alternatives, the ap-
paratus. of Fig. 2 shows positive ionization used
for charging the gas-borne dust-particles, while
the spray, itself, is charged negatively; whereas

'in Pig. 3 the potential-polarities are reversed so

that the gas-borne dust-particles are negatively
charged - and . the spray-droplets positively
charged.:

Fig. 5 shows a further embodiment in which

‘the relatively insulated electrode 60 is formed

with an outwardly flared conical skirt 6§2.  Grav-

-ity can pull the mobile collected liquid on' the
electrode to the bottom of the downwardly ex-
.tended skirt so that collected drops are farther

removed from the electrical center of the spray
63 and the tip of the spray-producing means

.than they are from the duct 64. Consequently

the spray-charging field and the field established
between the electrode 60 and the charged spray
exert a total force on the drops which is:less
than that resulting from the field between the

~bottom of the skirt §2 and the duct 64. Because

the drops no longer discharge into the spray, a
much greater charge can be given to the spray

than would be possible if the relative strength of .

the forces exerted by the fields were reversed,
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-a§ :is-the:case in: the aforesaid Penney patent.
= 'The area through which the gas passes between
the relatively .insulated electrode, such as 62 of

Fig. 5, and the gas-duct can be increased by
using electrodes such as shown in Figs. 6 through
8. “In these embodiments, the relatively insulated
electrode is provided with a series of prongs 61
as shown in Figs. 6 'and 7, or with a downwardly
extending scalloped skirt 68, as indicated in Fig. 8.
The  liquid collecting ‘on the electrodes fravels
downwardlytoa lowermost pomt because of gravi-
tational force.:.

Any suitable constructmn of msulated elec~
trode-means and-any suitable arrangement of as-
sociated electrode-means -having an - opposite
charge for producing the auxiliary secondary field
can be used so long as the collected drops are al-
lowed to .discharge away from or are led away
from the region of the spray.- This region is that
occupied by the-spray until after it -has mingled
and electrically attracted: the charged dust-par-
ticles.  It~is not -possible to describe a precise
boundary for the region of the spray but when
the .drops point away from this region generally
they can: discharge  harmilessly into-some.other
region so as not-to interfere with the atiraction
between -the charged spray-droplets and dust-
particles. In the electrical precipitators shown
in Figs. 1 to 5, this discharge of the liquid-drops
is used to added advantage for increasing the
total charge on the duct-particles.

In Fig. 9, I show still another form of electri-
cal dust-precipitator which embodies the fore-
going featurcs of my invention, and, in addition,
provides a different form of relatively insulated
elect;rode-means for inductively charging the lig-
uid of the spray as it comes from the spray-pro-
ducing means., It has more special advantages
in a laterally large gas-duct or for providing a
charged spray in large quantities. .

. 'The dust-charging means in Figs. 9 to 11 com-
prises a plurality of spaced grounded relatively
Jarge tubular electrodes T8 between which rela-
tively fine ionizing wires.12 are insulatedly sup-
ported. On the downstream side of this dust-
charging zone, a dust-precipitating means is pro-
vided comprising . a. means for producing a
charged-spray, the last means being indicated
in its entirety by the reference numeral 74. The
charged-spny-produclng means T4 comprises
any suitable equipment which emits a liquid-
spray, and is shown as a metal pipe-member 76
provided with a plurality of ‘spray-discharging
metal nozzles 18 spaced along ifs length. The
tips of the nozzles are kept at ground-potential
by grounding the pipe-1€ or’conductively asso-
ciating it with the grounded metal gas-duct 80.
‘The spray from-the nozzles 78 passes between a
pair of spaced straight semicylindrical insulated
-electrodes 82 which are given g relatively high po-
‘tential through insulated conductors 84 and any
‘suitable‘electrical power source. The potential-
‘poldrity of the electrodes 82 and the ionizing wires
12 is the same, and is opp051te to that of the elec-
trodes “19:and mozzles 18..: '

» Liquid drops-¢ollecting on the electrodes 82 are
caused to- discharge‘toward the grounded gas-
‘duet 80-by having a lengthwise side of each elec-
‘trode’ 82 suiﬁciently close to 8 51de 88 of the gas-
duct

I Flg 12 Ihave Shown an embodlment slmllar
to that of Pigs. 9 to 11; except that the action
of ‘gravity.: ne ‘removing ~the discharging drops
‘farther from  the. spray-chdrging region is in-
.creased, This is done:by sloping the spaced elec-
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frodes 95 which are equivalent to the electrodes
82 of Pigs. 9 through 11. Such sloping permits
the spacing between the lengthwise side of the
electrodes and the corresponding sides of the gas-
duct to be increased because the drops flow to
the lowermost ends of the electrodes.

Figs. 13 and 14 show a further form of my in-
vention, using spaced cylindrical elongated rela-
tively insulated electrodes {08 between which a
metal spray-producing means 162 establishes a
spray. In this embodiment, the spray-producing
means has been shown as pneumatic, comprising
a grounded liquid-supply pipe-member (04 and
an air-supply pipe-member {08 connected to a
plurality of spray-nozzles 108, having outlet tips
{16. Liquid flows centrally through each spray-
nozzle through a passage {12. Air under pressure
flows in a conical passage {{4 which is around
the passage 112 and is tapered fo the outlet tip
£18 for providing a spray which passes between
the insulated electrodes 100.

The electrodes 188 are sloped and the lower-
most end of each is provided with & small catch-
basin {16 having a.drain-opening to which a
Jdrain-pipe 118 is.connected for draining off lig-
uid collected on the electrode. The drain-pipe
1{3 is of some insulating material so as to pro-
vide a high-resistance path for the draining liquid
which flows infto & grounded container 120.

In embodiments utilizing a high-resistance
drain, the collected liquid loses its charge by
leakage, so that electrical discharges from dis-
torted liquid drops on the electrodes are greatly
minimized, or entirely eliminated. In embodi-
inents which do not use a drain, collected liquid
can fall from the relatively insulated electrode
after they form large enough drops. This loss of
collected liquid, which is desirable, is augmented
in cases where the electrode, which provides the
spray-charging electrostatic field, has a portion
which slopes downwardly, as, for example, the
skirted embodiments shown in Figs. 5 through 8,
or the straight sloped electrode embodiments
shown in Figs. 9 through 14; the latter, however,
Leing the subject matter of my divisional appli-
cation Serial No. 705,332, filed October 24, 1946.

The application of my invention to a vertical
spray-charging electrode in a horizontal enclosure
is obviously much more simple since all the col-
lected liquid will usually drain to the bottom of
the electrode. A discharging region or draining
means can be provided for the drops just at
that place.

Making certain assumptions, it can be shown
that the minimum field gradient in volts per
centimeter required for distorting a collected
spherical drop, so that it becomes a pomt dis-
charge, is g1ven by the formula

T

. 447
o :Va

where T is the surface tension of the liquid in
dynes per centimeter and a the radius of the
drop in centimeters. However, this formulsa is

‘subject to wide variation because of the difficulty

of - accurately setting up the phenomena of
charging a spray.

I have found that the use of substantially
straight electrodes, either cylindrical or semi-
‘cylindrical, such as shown in Figs. 9 through 14,
or other cross section, in equipment for charg-
ing a spray, is a considerable improvement over
ring-type electrodes, particularly if used with
spray-nozzles of g pneumatic type along the hnes
shown, for example,mFlg 14.
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Using a pneumatic nozzle, identified as Wpe
JPNF, set-up No. 12, described in a catalogue
“identified as “Spraying System Nozzles and Re-
lated Products,” eatalogue No, 22 of the Spray-
ing System Company, Chicago, Illinois, an im-
provement of as much as 200% and above in
the charge given to the spray was obtained over
that obtained with the specific non-pneumatic
type of spray-nozzle and ring electrode specifi-
cally described in the aforesaid Penney patent.
In one embodiment of my invention, the top
surfaces of the straight electrodes were sub-
stantially on the same level as the extreme fip
'of a spray-discharge nozzle, being not more than
14" bhelow it.” The pair of electrodes were par-
allel and spaced about 1%’ apart, with a spray-
tip mid-way between them. By sloping the elec-
trodes about 20° to the horizontal, instead of
keeping them horizontal, very effective draining
of collected liquid was provided, permitting a
much higher voltage between the spray-nozzle
and the electrodes before objectionable drop dis-
‘charges occurred.

The diameter of the straight electrodes and
their spacing affect the size of the collected drops
and the amount of charge that can be given to
the spray. With a constant voltage across the tu-
bular electrodes and the spray-discharge nozzle,
increasing the separation of the electrodes af-
fects the field-gradient at the nozzle tip and at
the surface of the electrodes. The factors af-
fecting the field-distribution are, however, so
varied and complex that an exact analysis is
hardly -practical. Various grounded surfaces
around the nozzle and the relatively insulated
electrodes, as separate electrode means, obviously
will change the field lines. Even the character
and angle of the spray have their effect. How-
ever, experiments indicated that for a particular
apparatus there appears to be an optimum spac-
ing for straight electrodes at which a maximum
charge is imparted to the spray.

While I have described my invention in forms
whxch are now preferred and have shown the
novel spray-charging equipment portion of my
invention applied to an electrical dust-precip-
itator, using water as the spray-liquid, my in-
vention is not so limited either to use with water
or in an electrical dust-precipitator. Any liquid
‘or substance consisting of, or capable of being
broken into, discrete particles and which has some
electricity-conductive or semi-conductive quali-
ties, so that its drops or particles can be charged,

can be used for providing the charged-spray. It

is also obvious that the principles of my inven-

tion can be embodied in forms and modifica-
tions other than those herein described.
" Iclaim asmy invention: )
1. A precipitator device of a class described
‘comprising, in combination, a duct-means for a
gas-stream, charging-means’ for charging gas-
borne dust-particles, a liquid-spraying device on
the downstream side of said charging-means, an

electrode in said duct-means insulated from said .

hqmd-spraymg device and arranged in proxim-
ity to the path for the spray from said liquid-
spraying = device, said electrode means being
spaced from said duct-means so that a portion

of the gas-stream can flow therebetween, said
having - a skirt-part sloping out-

electrode
wardly away from said liquid-spraying device.

2. A precipitator device of a class described
comprising, in combination, a duct-means for a
vertical gas-stream, charging-means for charging
gas-borne dust-particles, means for providing a
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charged spray on the downstream side of said
charging-means, comprising relatively insulated
oppositely-chargeable spray-means and - elec-
trode-means, the electrode-means being so con-
structed and arranged that the spray from said
spray-means passes in proximity thereto and
then spreads across said duct-means, said elec-
trode-means comprising a ring-shaped member
provided with a depending outwardly directed ex-
tension which terminates short of said duct-
means at a place where the spray is not spread
across the duct-means.

3. Apparatus for providing a ut111zab1e charged
spbray, comprising a nozzle-means, a ring-shaped
electrode insulated and spaced from said nozzle-
means so that a spray from the nozzle-means
passes through it, the space between said elec-
trode and nozzle-means being otherwise substan-
tially frec, and an additionel electrode insulated
from and spaced from sz2id ring-shaped electrode,
one of said electrodes having an irregular con~
tour on the side toward the other electrode, said
electrodes heing separated a lesser distance than
the spacing between said nozzle-means and said
ring-shaped electrode.

4. A precipitator device of a class described for
utilizable gas-cleaning of a gas-stream, compris-
ing the combination with a gas duct for a sub-
stantially vertical gas-stream, having therein
dust-charging means for charging gas-borne
dust-particles; of means for subsequently remov-
ing charged dust- particles from the gas-stream,
comprising charged-spray-producing means in-
cluding an electrode and a spraying device with
a substantially free space vertically therebetween,
and potential-applying means for establishing an
electrostatic field in said space, with a field-gradi-
ens at said electrode and at said spraying device,
said charged-spray-producing means providing a
charged liquid-spray on the downstream side of
said dust-charging means, said electrode being
so disposed with respect to the spraying device
that the charged liquid-spray can pass near said
electrode with spray-liquid collecting thereon,
forming liquid-drops, the spacing, configuration
and potentials being such that the tendency of
the field gradient at said electrode in a direction
toward said space to cause liquid-drops on said
electrode to be deformed and to discharge toward
said space, is overcome, whereby the liquid- drops
cannot significantly aﬁect the net charge on the
dust-precipitating liquid-spray.

5. A precipitator device of a class described for
¢leaning a gas-stream, comprising a gas duct for a
substantially vertical gas-stream, having therein
charging-means for charging gas-borne dust-
particles, means including a spraying device for
providing a charged liquid-spray in a region of
the downstream side of said charging-means,
said means including a first electrode relatively
insulated from said spraying device, there being
a substantially free space in the path for gas flow
between said first electrode and spraying device,
'said gas duct including an electrode-means insu-
lated from and spaced from said first electrode on
the side thereof away from said region, and po-
tential-applying means for oppositely charging
the first electrode with respect to said spraying
device and with respect to said elecirode-means,
the spacing, configuration and potentials of sald
spraying device, said first electrede and said e
trode-means being such that the tendency of the
field gradient at said first electrode in a direction
toward said space to cause liquid on said- first
electrode to be deformed and to discharge toward
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‘said region; is overbalanced Py the action on such
hquld 6f the field egradient at said first electrode
in a direction toward said electrode-means.

6. Means for producmg 3 charged liquid spray,
s4id mesns including an electrode and a spraying
device spaced therefrom for producing a charged
spray in a spray-region associated therewith, the
electrode being so disposed. with respect. to the
spraying device that spray liquid can collect on
the electrode and form liquid-drops, potential-
applying means to provide = field-gradient at said
electrode in a direction toward said spray- region
‘and a field-gradient in a direction away from said
spray-region, the spa,cmg configuration and po-
tential of said spray. device, electrode and poten-
tial-applying means being such that the tendency
of thé first said field-gradient to cause liquid on
said électrode to be deformed and to discharge
to'said spray-region, is overcome.

7. A precxpltator device of a class described for
utlhzable gas-cleaning of a gas- -stream, compris-
mg the combination with a gas duct having
therein ‘qust-charging means for charging gas-
borne  ‘dust-particles, of means for subsequently
removing charged dust-particles from the gas-

‘stream in the gas duct, comprising means in-

cluding a rmg-hke first electrode and a spraying
device Having a substantially free space there-
petween ‘in the direction for gas flow, the elec-
‘trode being %o dlsposed with respect to the spray-
ing dev1ce that spray liquid can collect on the
ele¢trode, forming liquid-drops, and a second
electrode between said first electrode ‘and a part
of said gas duct said second electrode heing ar-
ranged so°that ‘sajd first electrode is closer to said
second electr ode than said first electrode is to the
rest ‘of said gas “duct and to said spraying device,
sard first electrode bemg insulated and said spray-
m‘y device, gas duct and second electrode being
grounded .

8.°A prempltator device of a class described for
utlllzable gas-cleaning of a’'gas-stream, compris-
ing  the’ comblnatlon with a gas duct having
therem dust chargmg means for charging gas-
borne dust-partlcles ‘of means for subsequently
removmg charged “dust- partlcles from the gas-
stréam in ‘the gas duct, comprising electrode
means mcludmtr a ring-like portion and a spray-

) mg dev1ce havmg a substantially free space

therebetWeen in the direction for gas flow, the
rmg—hke portion bemg so disposed with respect to
the spraying devicé that spray liquid can collect
on, ‘the “ring-like portion, forming liquid- .drops,
and'a plurality of distinct field-affecting members
‘at differént places in the space between said ring-
like’ portion and gas duct. )
4.8, Means for producmg a charged spray, ‘com-
prxsmg a3 spraying means for establishing a spray
orginating at a pomt an electrode insulated from
said point, said electrode havmg a ring-like por-
tion about said point ‘and a “plurality of spaced
distinet portions extendmg outwardly in direc-
tions toward a surface’ charged oppositely from
saxd electrode and away from said point.
°'10. Means for producing a charged spray, com-
prismg a spraymg neans for establishing a spray
or1gmat1ng ‘at 2 point, an electrode insulated from

aid point, having a ring-like portion about said
‘pomt said electrode having a skirt portion ex-
tendmg outwardly in a direction toward a surface
charged oppositely from said electrode and away
from sdid point.

'11. An invention mcludmg that defined in
clalm 10 but characterized further by the edge of
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said skirt portion having 3 plurality of distinct
points.

12. A method of increasing the net charge of
a charged spray established between a point from
which a spray emits and a pronged eiectrode en-
tirely below said point for forming an electro-
static field therewith, which method comprises
the step of gravitationally outwardly forcing all
of the liquid collecting on said electrode to posi-
tions removed from the region of the charged
spray, the liguid flowing outwar dly on said
prongs. .

13. A method of mcreasmg the net chalge of
a charged spray established between a pomt from
which a spray emits and an electrode near said
point for forming an electr: ostatic field ther ewith
for charging the spray, which methed comprises
the step of clectrostatically deforming drops col-
lected on said electrode into points discharging
ina dlrectlon toward a surface char ged oppositely
from said electrode and away from the region of
the charged spray. .

14. A method of mcreasmg the. net charge of
a charged spray established between a point from
which a spray emits and an electrode near said
point for forming an electrostatic field therewith
for charging the spray, which method comprises
the step of establishing field gradients at said
electrode, with the field gradient at said electrode
in a direction toward said spray being less than
the field gradient at said electlode in a direction
away from Sald spray. and toward a ‘surface
charged oppos;uely from Sald electrode

15. A precipitator devlce of a class described
for cleaning a gas-stream, compnsmv the com-
bmatlon of an upstandlng gas duct, and dust-
collecting means f01 prov1d1nfr a dust-collecting
charged liquid- splay exte'ldmg downstream in a
region in said ges duct, said means including a
splasmg device, a ﬁrst electrode 1nsulatedly
spaced downstrearn from said spraying device,
and g voltage smn‘ce “connected between said first
electrode and said spraynvT device; of a second
electrode 1nsulatedly spaced from and facing a
side of sald ﬁrst cléctrode, said side facing away
flom ‘said reglon and potential- applying means
fm opp051tely charging said second electrode with

spcct; to ‘said first electlode the spacings, con-
ﬁguratlon and potentlals in sajd dust-collecting
means ‘providing field gradlents along Said side
of the first electrede which are more inténse than
the field’ gl radients along the side of the first elec-
trode facing toward said regicn.

16. Meahs for proaucmg a chal ged llquld -spray
into a splay-reglon compr 1smg a ‘spray-produc-

ing device, a pair of relatlvely insulated electrodes

spaced along the spray- reglon and elecurlcally op-
positely chargeable whereby to chal 0e the spray—
droplets, and voltage- supplymg Ineans to provide
a volfage betweeh said electrodés so “that a first
of ‘them has 2 potentlal polanty obposite to that
of the seeond eléétrode ‘and to that imparted to
the spray-droplets, said first’ ‘electrode being lo-
cated 'so that spray li‘cﬁi'd can c¢ollect thereon, said
voltage- supplying means supplymg sufficient volt-
age to provide'a ‘téndency 01 rdinarily to deform a
plur’ allty ‘of drops collected on said first electrode
into a, plurality of pomts which electrically dis-
charge toward the spray, the points being at dif-
ferent places along said first electrode, in combi-
nation with a thnd electrcde insulatedly spaced
from said first ‘électrode on the side away from
said spray-region, and means comprising voltage
supplymg means to provide an electric field be-
tween said first electr ode and the said third. elec-
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trode, with said third electrode having the same
potential-polarity as said second electrode, the
spacings, configurations and potentials of said
electrodes and voltage-supplying means being
such that the field-gradient at said first electrode
in a direction toward said third electrode sub-
stantially overcomes the aforesaid tendency to
deform said drops.

17. Means for producing a charged spray, com-
prising a spraying means for establishing a flar-
ing spray in a spray-region, an electrode below
and insulatedly spaced from said spraying means,
means for electrically charging said electrode so
as to provide a potential thereon for an electric
field to charge said spray, the field providing a
first field gradient along a first side of said elec-
trode which side faces toward the spray, an elec-
trode means comprising a metallic member spaced
from a second side of said electrode, the second
side facing away from said spray-region, and
means for electrically charging said metallic
member so as to provide a potential thereon
which is opposite from that on said electrode, the
spacing, configuration and potentials of said
electrode and metallic member being such that
the field-gradient at said first side of said elec-
trode is less than that at said second side of said
electrode.

18. A method of increasing the net charge of
a spray between a point from which spray emits
and a lower electrode near said point for form-
ing an electric field therewith for charging the
spray, which method comprises the step of estab-
lishing a second electric field along a side of said
electrode which faces away from the charged
spray with the field gradient at the electrode due
to the second field being greater than the field
gradient at the electrode due to the first said
field.

19. Means as defined in claim 17 but charac-
terized by said electrode comprising a ring and a
metallic extension extending from said ring in a
direction toward said metallic member.

20. Means for producing a charged liquid-
spray, comprising a spraying device and an elec-
trode insulated therefrom, said electrode being
spaced from said spraying device to provide a
spray-space therebetween, said electrode having
a first side facing in a direction toward said
spray-space and a second side facing in a second
direction away from said spray-space, a second
electrode spaced from and insulated from the
first said electrode, said second electrode facing
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said second side of the first said electrode, the
distance between said electrodes being less than
that between said spraying device and first said
electrode.

21. Means for producing a charged liquid-
spray, comprising a spraying device and an elec-
trode insulated therefrom, said electrode being
spaced from said spraying device to provide a
spray-space therebetween, said electrode having
a first side facing in a direction toward said
spray-space and a second side facing in a second
direction away from said spray-space, voltage-
supplying means to provide a voltage between
said spraying device and electrode providing a
first field-gradient at said first side, a second
electrode spaced from and insulated from the first
said electrode, and facing said second side of the
first said electrode, and voltage-supplying means
to provide a voltage between said electrode pro-
viding a second field-gradient at said second side,
with the second field-gradient being greater than
the first field-gradient.

22. Apparatus for providing a utilizable
charged spray, comprising a nozzle-means, an
electrode-ring insulated and spaced from said
nozzle-means so that a spray from said nozzle-
means passes through it, the space between said
electrode-ring and nozzle-means being other-
wise substantially free and providing a spray-
region, and an additional electrode insulated
from and spaced from said electrode-ring on a
side facing away from said spray-region, said
electrode and electrode-ring being separated a
lesser distance than the spacing between said
nozzle-means and said ring-shaped electrode,
and means to place said nozzle-means and addi-
tional electrode at a common potential, and said
electrode-ring at an opposite potential relative
thereto.

SAMUEL GILMAN.
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