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. This invention relates to electrical precipitators,
for electrically separating smoke and dust from
air, flue gases and the like. As heretofore con-
structed it has been necessary to supply high

voltage direct current to the iotiizing wires of the .

precipitators. This requires rectifying tubes ca-
pable of handling such high voltages in order to
supply the direct current from the usual alter-
nating current supply source. Where it is at-
tempted to use alternating current directly for
jonizing purposes, only the positive peaks of the
60 cycle waves ionize the air and the time. be-
tween peaks is lost for ionizing action.

.. It is among the objects of the present inven-
tion to. provide .a precipitator in which the ioniz-
ing device may. be supplied with alternating cur-
rent without the necessity of providing rectifiers.

The above and other objects and features of
the invention will be made fully apparent to those
skilled in the art from a counsideration of the fol-
lowing detailed description taken in conjunction
with the accompanying drawing in which:

. Fig. 1 is a diagrammatic view of an electrical
precipitator constructed in accordance with the
invention;

Fig. 2 is a diagram useful in explaining the op-
eration of the invention; and

Fig. 3 is a time-voltage graph illustrating the
operation of the invention,

Referring to the drawing, reference numeral
10 indicates generally g three-phase transformer
having A-connected primary windings {{ and Y-
connected secondary windings 2. The outer ter-
minals 13, 14 and 15 of the Y secondary wind-
ings of the transformer 18 are directly connected,
respectively, to the ionizing wires A, B and C of
an ionizing device (8. The neutral point {7 of
the secondary windings is connected directly to
the outer metallic casing 18 of the ionizing cham-
ber 18. Preferably the connection: between the
center point {7 and the casihg 18 is grounded.
The wire electrodes A, B and C of the ionizing
device are arranged in parallel relation and so
spaced with respect to the direction of air fiow
and the speed of the air passing through the
chamber {8 that during operation the air passing
through the chamber is subjected, at all times,
‘to the ionizing action of at least one of the €elec-
trodes A, B and C. The proper spacing of the
electrodes in order that each of them will be ef-
fective in ionizing the airis given by the formula
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electrodes; » is the speed of air; n the number
of phases of the power supply; and f the fre-
quency in cycles per second.

When the wires are so spaced it will be seen
that if the positive peak of one phase is effective
at A, the body of air flowing from A to B will be
jonized during this positive peak. The air be-
tween B and C will be un-ionized, the condition
of the air at the end of this first positive peak
effective at A being shown in column I of Fig. 2
in which the stippling represents ionized air. If
the positive peak of the next successive phase
is effective at C, the air flowing between B and
C will now be ionized as it passes C. The body
of ionized air between A and B will at the same
time move to the space between B and C while
a body of un-ionized air flows inte the space be-
tween A and B, the condition of the air at the
end. of the second positive peak being shown ‘in
column II of Fig. 2. If the positive peak of the
third phase is now effective at B, then the un-
jonized air between A and B will be ionized dur-
ing this period as it moves past B. The condi-
tion of the ionized air at the end of the third
phase is shown in column III of Fig. 2. The
cycle may then be repeated, the first phase of the
second cycle heing effective at A to ionize a body
of incoming air as it passes into the space be-
tween A and B. At the end of the first phase of
the second cycle the condition of the air will be
as indicated in column IV of Fig. 2, in which it

will be seen that the column of air ionized dur-

ing the preceding cycle has moved past C. A
body of un-ionized air is present between B and
C while the body of air between A and B has been
jonized. On the next succeeding phase the posi-
tive peak will again be effective at C to ionize the
body of ionized air hetween B to C as it moves
past C, and the ionized air spaced between A and

B 'will -during this period move in the space be~

tween B-and C. The condition of the air at the

end of this second phase of the second cycle will

be shown in column V of Fig. 2. It will be seen
that all of the air below B has been ionized, .and
a body of un-ionized air has moved into fhe space
between A and B. In the third phase of this
second eycle the positive peak is again effective
at B and the un-ionized. air present in the space
between A and B at the beginning of this phase
is ionized as it passes B, the condition of the air
at the end of this phase being shown in column

“YI of Fig. 2. The cycle thus repeats itself and

it will be seen that if the positive peaks ofvt,,he
‘third -phase are effective in the order A, C, B, fhen
each of the ionizing wires will be effective dur-
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ing the periods when un-ionized air is passing
energized electrode and all portions of the sair
passing through the device are acted upon by at
least one of the ionizing electrodes.

Referring to Fig. 3, the three phases from the
transformer secondary windings 12 are illustrated
graphically, about an axis D—D. The positive
peaks of the first phase are denominated {P and
the negative peaks IN. The positive and nega-
tive peaks of the second and third phases are
correspondingly 2P, 2N, 3P and 3N, respectively.
The positive voltage values above line E—E are
above the level at which ionization of particles
lying between any one of the electrodes A, B or
C and casing 18 takes place. The areas of the
curves above this line are shaded. The negative
voltage values below line F—F are also above the
level (in the negative direction) at which ioniza-
tion of particles lying between the electrodes A,
B or C and casing 18 takes place. It has long
been recognized that with asymmetric electrodes
such as A and casing I8 ionization occurs more
readily when the smaller electrode is positive
with respect ic the larger electrode than when
the polarity is reversed. This gives rise to a rec-
tifying action due to the electrodes themselves.
See for example Lissman Patent No. 2,326,237.
Thus, with a given peak-to-peak voltage, the
negative peaks may be made substantially com-
pletely ineffective, so that line F—F in Fig. 3 is
moved below the negative peaks. As is apparent
from the foregoing description, when the phase
between electrode A and casing 18 is regarded as
the first phase, the second phase is between elec-
trode C and the casing, and the third phase is
between electrode B and the casing, as is indi-
cated in PFig. 3. Considering, therefore, only the
positive peaks, it is apparent that the air passing
between A and casing 18, that is, from A to B,
is ionized during the shaded portion of the peak.
Thereafter, the air flowing between C and casing
18, that is, from C out of the casing, is ionized
during the shaded portion of the positive peak
of the second phase. Thereafter, the air which
is flowing between B and casing 18, that is, from
B to C, is ionized during the shaded portion of
the positive peak of the third phase.

The ionized air on passing from the ionizing
chamber {6 may be precipitated on the plates of
a precipitator chamber which may be of conven-
tional design. In the instance shown, in order to
supply a precivitating voltace to the precipitator
plates at a lower voltage than that supplied to
the ionizing davice. center taps 19, 20 and 21 are
provided on each of the windings of the second-
ary 12 and connected, respectively, to the cath-
odes cof tubes 22, 23 and 24. The tubes 22, 23
and 24 are preferably of the gas-filled type hav-
ing permanently energized cathodes 25, 26 and
21, and anodes 28, 29 and 20 jointly connected to
the charged plates 31 of the precipitator cham-
ber. The ground plates 32, which alternate with
charged plates 34, are connected to the grounded
heufral point {7 of the secondary windings.

By the construction described in the foregoing,
all of the air passing throtigh the ionizing zcne is
subjected to the ionizing effect of the electrodes
A, B and C, portions of the air being treated by
different electrodes without any intervening un-
ionized portions. The potential of the ionizing
‘wire electrodes A, B and C may be of the order
of 12,000 volts and this voltage is applied with-
out the intervention of rectifiers between .the

source of supply and the ionizing wires. The
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4
potential on the charged plates 13 may be of the
order of 6000 volts.

While there has been herein described a pre-
ferred embodiment of the invention, other em-
bodiments within the scope of the appended
claims will be obvious to those skilled in the art
from a consideration of the form shown and the
teachings hereof.

‘What is claimed is:

1. An ionizing device for an electrical precip-
itator comprising a plurality of spaced ionizing
electrodes, a source of raw polyphase alternating
potential for energizing said electrodes, the num-
ber of phases of said source being egual to the
number of said electrodes and a separate one of
said electrodes bheing connected directly to each
of the phases of said source, whereby the peaks
of said alternating potential are applied to first
one and then another of said electrodes in a pre-
determined sequence and whereby all of said elec-~
trodes are supplied with alternating potential of
the same frequency, means for passing the gas to
be cleaned past each of said electrodes in sucs
cession, said electrodes being so spaced with re=
lation to the velocity of said gas that each of
said electrodes acts on an un-ionized portion of
said gas and all portions of said gas are acted
upon by at least one of said electrodes.

2. An ionizing device for an electrical preclp-
itator comprising a plurality of spaced ionizing
electrodes, a source of raw polyphase alternating
potential for energizing said electrodes, the nums=
ber of phases of said source beihg equal to the
number of said electrodes and a separate one of
said electrodes being connected directly to each
of the phases of said source, whereby the peaks
of said alternating potential are applied to first
one and then another of said electrodes in a pre-
determined sequence and whereby all of said elec=
trodes are supplied with alternating potential of
the same frequency, a grounded electrode coact:
ing with all of said ionizing electrodes to provide
1on1z1ng discharges therebetween, said grounded

lectrode defining a channel for passing the gas
to be cleaned past each of said ionizing electrodes
in succession, said ionizing electrodes ‘being so
spaced with relatlon to the velocity of said gas
that each of said ionizing electrodes acts on an
un-ionized portion of said gas and all portions
of said gas are acted upon by at least one of sald
ionizing electrodes.

3. An ionizing device for an electrical precipi«
tator comprising a plurality of fine wire ioniz=
ing electrodes extending in spaced parallel rela-
tion in a common plane, a source of raw poly=
phase alternating potential for energizing said
electrodes, the number of phases of said source
heing equal to the number of said electrodes and
2 separate one of said electrodes being connected
directly to each of the phases of said source,
whereby the peaks of said alternating potential
are applied to first one and then another of said
electrodes in a predetermined sequence and
whereby all of said electrodes are supplied with
alternating potential of the same frequency, a
grounded electrode coacting with all of said
ionizing electrodes to provide ionizing discharges
therebetween, said grounded electrode defining
2 channel for passing the gas to be cleaned past
each of said ionizing electrodes in succession in a
direction paraliel to the common plane thereof;
said ionizing electrodes being so spaced with re-
lation to the velocity of said gas that each of
said ionizing electrodes acts on an un-ionized por-
tlon of said gas and all portions of saig gas. are



2,642,088

5

acted upon by at least one of said ionizing elec-
trodes.

4, An ionizing device for an electrical precipi-
tator comprising a plurality of spaced ionizing

electrodes, a source of raw polyphase -alternating:-

potential of a predeterminedfrequency for-en-
ergizing said electrodes, the number of phases
of said source being equal to the number of said
electrodes and a separate one of said electrodes
being connected directly to each of the phases.of
said source, whereby the peaks of said alternat-
ing potential are applied to first one and then
another of said electrodes in a predetermined se-
quence, means for passing the gas to be cleaned
past each of said electrodes in succession at a
predetermined velocity, the spacing between said
electrodes being equal to

v

nf
where v is the velocity of said gas, n is the num-
ber of phases of said source, and f is the fre-
quency of said source.

5. An ionizing device for an electrical precipi-
tator comprising a plurality of spaced ionizing
electrodes, a source of raw polyphase alternating
potential of a predetermined frequency for ener-
gizing said electrodes, the number of phases of
said source being equal to the number of said
electrodes and a separate one of said electrodes
being connected directly to each of the phases

10

15

of said source, whereby the peaks of said alter-
nating potential are applied to first one and
then another of said electrodes in a predeter-
mined sequence, a grounded electrode coacting

. with -all. of said ionizing electrodes to provide

ionizing:discharges therebetween, said grounded
electrode defining a channel for passing the gas
to be eleaned past each of said ionizing electrodes

“in suéeession at a predetermined velocity, the

spacing between said electrodes being equal to

v

nf
where » is the velocity of said gas, n is the num-
ber of phases of said source, and f is the frequency

of said source.
HANS KLEMPERER.
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