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This invention relates to a new and improved
electrical circuit for-operating fluid treaters such
as electrical precipitators of the Cottrell type
which are used in removing suspended particles
from gases. It further relates to means for
maintaining the circuit in satisfactory -operating
condition. : ‘ s :

A principal object of the invention is to pro-
vide means which receive current from a high
tension alternating supply source, which rectify
the current so that all half wave impulses can be

~ impressed upon & fluid treating circuit at the
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same polarity, and which bring about changes.

in the characteristics, especially as regards fre-
quency, wave shape and duration, of the impulses
or energization periods so that the benefits of

such changes and the control thereof can be .

realized in the treatment of flulds. .

" The invention is more particularly directed to
the provision of means for electrically treating a
fluid whereby the fluid is subjected successively
to electrical impulses of different characteristics;
that 1s, the means provide the treating circuit at
one instant with an impulse or energization pe-
riod possessing . certain characteristics and fol-
lows this, in rotation or in alternation or succes-
sively, with impulses possessing different charac-
teristics. " : .

Another object is to provide a high tension elec-

trical circuit for the energization of a plurality of
fluid treater units whereby one of the units can
be energized from the circuit with impulses of cer-
tain characteristics and another unit can be ener-
gized from the same circuit with impulses pos-
sessing different characteristics.
_ Electrical .precipitators of the Cottrell type
comprise a casing with inlet and outlet for the
gases to be treated and two groups of opposing
electrodes within the casing which are insulated
from each other. In operation, the opposing

electrodes are maintained at a high potential dif-

ference while the gases to bé treated are passed
through the strong electric flelds thus created.
It is common practice to have the electrodes of
one group of. relatively fiat contour, while the
opposing electrodes are wires or chains which are
insulated froi the flat electrodes and maintained
at high potential difference from them. The flat
electrodes are termed collecting electrodes be-

from the gases collects upon them. The wire
electrodes, or other electrodes of small cross sec-
. tion, are called discharge electrodes because the
electric field in their immediate vicinity is very
intense and “corons discharges” emanate from

" nated by numeral

cause most of the suspended material removed “ which is connected to conductor 7.

(CL. 183—17)

their surface. The gases are subjected to elec-
tronic bombardment as. they pass through the
strong electric flelds and beccme jonized. The
free electrons and ions moving under the force of
the electric fields become attached to, and are in-
strumental in removing, the suspended particles
in the gases.

The manner in which the objects of the inven-
tion can be realized will be illustrated with the
accompanying drawings, in which: 10

-Fig. 1 shows more or less diggrammatically the
electric circuit including a treater in sectional
elevation; .
 Pig. 2 shows a plan partly in section of the
treater shown in Fig. 1; ) 15

Fig. 3 is a fragmentary view of a portion of
the treater shown in Figs. 1 and 2;

Fig. 4 is a detalled view of an adjustable syn-
chronous switch; ’ : .

Fig. 5 is a diagram shi certain alternative g¢-
arrangements of the connections shown in Fig. 1;
and : v ; ,

Tigs. 6,7, 8 and 9 are diagrams showing other
arrangements embodying the principles of the
invention. ) .

In Fig. 1 the low voltage supply circuit desig-

f is shown as a three phase
circuit, although two phase and even single phase
can be used. The low voltage circuit f, controlled
by switch - i1, energizes synchronous motor 2 30
which is connected. by shaft 3 to mechanical rec-
tifying switch 4 and distributing switch §. Also
energized from the low voltage circuit is trans-
former 15, which receives current through the

25

- single phase branch circuit 12, taken off two wires 35

of circuit I. Switch 13 and ohmic resistance 14
permit this circuit to be suitably controlled. Rec-
titying switch # is of the familiar type wherein the
rotor comprises four insulating arms 6 with me-
tallic tips 7 which support two jumper wires 8. 40
When this rotor is revolved in synchronism with
the current supplied through transformer 15, for
example, at 1800 R. P. M. for 60 cycle current,
all half waves of electrical energy of one polarity
alternutely impressed upon first one and then the 45
other of shoes 8 are directed to the adjacent shoe

10 which is connected to conductor 6. Similarly
all half waves of electrical energy of opposite po-
larity -are directed to the other stationary shoe 10
Conductor 60
16 is connected through conductors 18, {9 and 20

to a condenser 28, to be later described, which
temporarily stores the electrical energy which is
supplied by transformer §§. Conductor 16 is also
connected to switch § which revolves in synchro-
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nism with the half waves and dictributes them to
the precipitator units as desired after they are

. given the desired steep wave front characteristic
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by the condenser. Switch § also functions as a
spark gap for making and breaking the circuit
in a manner conducive to the building up of im-
pulses having steep wave fronts. The resistance
18, which may include reactance, is for protecting
switch 4 and transformer {5 from the high fre-
quancy oscillations o¢curing periodically in con-
ductor 28. It is shown as having a variable ohmic
resistance which permits it to be used in control-

ling ‘the voltage in that part of the circuit in-

cluding the condenser and precipitator urits.
The gas treater is included in casing 30 which

has inlet 30 and outlet 32. It includes two units

of the usual plate type which are marked 33« and

"33b. These comprise collecting electrode plates

34 and discharge electrodes 35. Intermediate the
treater units 33¢ and 33b is a condenser unit 28
which is made up of plates 36 and rods 81. The
rods 37 are of appreciable diameter as compared
with the wires or edges which make up discharge
electrodes 35, because it is desirable that no corona
discharges emanste from these rods and permit
electrical energy temporarily held by the unit to
leak away. Unit 28 functions, therefore, as a

- condenser with & gaseous dielectric and in the

" 30
35
490

46

.bresent circuit it is used for temporarily storing

:the electric impulses that energize the ionizing =

electrodes of the treater. It functions also as an
electrical precipitator of the non-ionizing type -
and removes from the gases passing through it
those particles which carry free electric charges

-of appreciable magnitude.

- The circuit is completed by means of conductor
17 which connects shoe {9 with casing 30 of the
gas treater. " The casing. is in mechanical and
electrical comnection with the various collecting
electrodes. This side of the circuit is usually
grounded as shown st 81,

In the operaticn of the circuit, a half wave of
electrical energy from transformer 15, say of neg-
ative polarity, is directed by switch 4 to conductor
16 and reaches unit 28 through conductors 19 and
20." This energy is released when the rotor of
switch § assumes a position which will permit the
passage of current from conductor 20-to conduce
tor 2§ through switch shoe 28°, jumper 8 and shoe
21’. 'This Impuise rapidly built up (or rebuilt)
by the release of the energy stored in condenser
28, through the two air gaps on switch § which

. atre included in the circuit between conductors 20

55
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and 21, has g very steep wave front, and when this

“is impressed. upon the electrodes of treater 33b,

the gases passing through that treater become
highly lonized. A half cycle later when the rotor
of switch § has revcived 90 mechanical degrees,
condenser 28, which in the meanwhile has ab-

"sorbed another half cycle of electrical energy of

negative polarity supplied by transformer 5, will
be again discharged and this impulse wiill pass
through shoe 22’ and conductor 22 to unit 33a.
If the units 33a and 33b are alternately energized
as indicated, the result will be a saving in energy,

~ although the precipitating efficiency of the units

70

" of the units 32¢ and 335. The same result may-
be obtalned by inserting a spark gap in place of

(L

may be- slightly less”than if, every impulse was
sent to each unit.  The latter condition may be

obtained by Inserting a jumper wire 28 between -

shoe 28’ and an added shoe 23’. With this con-
ductor added to the eircuit every impulse passing
through conductor {8 and temporarily stored up
in condenser 28 will be used in energizing both

s
- v
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switch 5. Fig. 5 shows such a circuit with spark
gap 52 taking the place of the rotating gaps of
switch 5.

_ It has been found advisable, in operating the
equipment just described and in using the high
wave front impulses that result from it, to design
the equipment with consideration of the charac-
teristics of this type of impulse. It has been
found advantageous to eliminate sharp turns in
the conductors as far as possible, and where air

10

insulation has been used it has been increased .

over common practice for sine wave current to
prevent corona losses. . It has also been found
advantageous to insert choke coils In psarallel
circuits in order to obtain a better distribution of
‘the energy in the various conductors. The man-
ner of ‘using these choke ccils is shown in Fig, 1
where coils 28 slightly check the rush of current

‘as it leaves the inlet conductor 24 and divides in

order to energize discharge electrodes 38 from
both top and bottom. Mounted near the top of
each discharge electrede is a small choke coil 28
which may be of one or more turns, but prefer-
ably is a very simple air choke of few turns which
‘is not appreciably affected by dust falling upon it
and which retards only high frequency or very
steep wave front oscillations. - Similar cofls are

provided at the bottom of the discharge electrodes

%

. asshown at 217,
As is well known, the electrical characteristics

‘of electrodes change when they become covered

with material removed from the gases. This is

particularly true when the msaterial is of a non-

conducting nature or is a heterogeneous mixture
of particles having different electrical character-
istics. It is desirable that the electrodes of the

. precipitator shown in the figures be kept clean in

order that the efficiency of the precipitator be
maintained and because certain of the electrodes
—those designated as 36 and 37—constitute a
condenser which is a vital part of the electric
circuit and must be kept free of precipitated ma-
terial if the condenser is to have a constant ca-
pacitance. It is important, therefore, that effi-
cient cleaning means be provided to maintain
the electrodes free from the precipitated mate-
rial. Referring to Fig. 1, the discharge electrodes
are suspended from a central vertical support 38
which depends from and passes through an in-
sulating chamber 39 which may be of insulating
terra-cotta of considerable mechanical strength.
The enlarged upper end of support 38 is mounted

on a spring 40 which in turn rests on a substantial

plate 41, which may be of metal, on top of cham/—
ber 39. A hammer mechanism 42 is periodical-
ly raised and dropped to impart blows to the sup-
port 38 and this causes a jarring of electrodes 35
which effectively removes any material that may
collect upon them. 7The collecting plates 34 of
units 33a and 330 depend from transverse mem-
bers 43 which are positioned transversely in cas-
ing 39 and are supported ai the sides of that cas-
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ing. While these electrodes are adequately sup-~

ported and spaced by members 43, they are free

to vibrate when rapped. Near the lower ends of 65

the electrodes, where movement of the same is
more readily possible, transverse rapping means
are provided. . The rapping means may be at or
near the bottom of the electrodes, as shown in
"Fig. 1, and may consist of stif members 48 upon
which are held rigidly the hammer means 4%

‘shown in Fig. 3. The electrode surfaces, where

the hammers 44 strike, are reinforced by stiffen-
ing plates 48. The distance “d” between the
faces of opposing hammer means is slightly

15,
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~ greater, for example %’’, than the thickness of
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a plate 34 with two reinforcing plates 46 upon it.
If then a member #4 can be made to rapidly move

. back and forth transversely of the plates, the

plates will receive a jarring which will effectively
dislodge deposits of dust and the like that are
clinging to it. This movement of members 44 is
accomplished by securing them to eccentric
straps 41 which in turn ride on eccentrics 48 on
revolving shaft 49 which is revolved by motor
50 through reduction gear 5. It has been found
beneficial to make the movement of the eccen-
tric slichtly greater than the distance between

the faces of the hammer members. For example, .

if member 44 is moved 3 of an inch and if the
distance. the hammer can move before striking
plate 46 is only %’’, the hammer means will have
to move the plate %’ after striking it. This in-
sures a positive striking and jarring of the plates
by the hammer means on rods 44.

When only a few light plates are to be jarred
a single member 44 will jar the rods without detri-
mental effect.to the precipitator structure gener-

ally, biit when the plates are large, especially

when there are many of them in paraliel across
the casing of the precipitator, it has been found
that to hit all the plates on one side simultane-
ously not only requirés considerable power but
it tends to move the precipitator laterally to &
detrimental degree. In the -present construc-
tion this is avolded by dividing the plates into
two ‘approximately equal groups and jarring the
groups separately. This is shown in Fig. 3 where
one metaber 84 is jarring half the plates from one
side, while another member 44 is jarring the other
half of plates from the opposite side. This tends
to neutralize the side motion of the plates wﬂ\:h

" the result that the precipitator as a whole receives

no lateral motion. .
> Switeh 5 in Fig. 1 can be adjusted angularly
on shaft 3 which makes it possible to discharge

condenser 28 at the desired instant in the en-’

ergization cycle, and the shape and. spacing of
tips T can be dltered thereby changing the char-

acteristics of the spark gaps between tips T and.

the stationary shoes 20°, 21" and 22’ of the switch.

When jumper 23 is removed the switch can be

made to distribute the energy so that two units will
receive energy separately, which is an especially

useful condition when the units have different:

electrical characteristics.

Fig. 4 is a detailed showing of an adjustable dis-
tributing switch suitable for use at 5 in Fig. 1, and
shows means for - independently varying the
length of the spark gap and the relative position

of the contact in each of the energized circuits.

The shoes 20’, 2’ and 22’ of the switch are car-
ried by bolts A’, C’ and D’-mounted in slots in the
supporting members A, C, and D. The length of
the spark gaps may be varied by moving the shoes
towards or away from the tips T by means of the
bolts. It is to ke noted that spark gaps.of dif-

ferent lengths may be provided at each of-the -

shoes, so that impulses of different characteris-
tics may be applied to successive treater units or
successively to the same treater unit according
to the electrical circuit used, as was described
with reference to Fig. 1. .

The relative position of the spark gaps in the
cycle may be.varied by angularly rotating the
shoes along the slots in the supporting members
A’, C’, and I’ so that one circuit may be closed
at a point of lower voltage during one half wave

than the other circuit during the succeeding half.

wave. E

‘circuit. .

3
The movable shoes 20°, 21’ 'and 22’ are advan-
tageously split into two portions which slide
over each other, so that the length of the shoes
may be varied individually.
It will be seen that this synchronous spark 5
gap switch, makes it possible to supply impulses

- of widely varying characteristics either to suc-

cessive circuits or successively to the same cir-
cuit. The provision of the connection F, includ-
ing switch E provides an advantageous means 10
for connecting precipitator discharge elements
of one or more units in parallel. This permits the
energization of one or more units with impulses
of a given duration and intensity during one half
wave and with impulses of a different duration 15
and/or intensity during a succeeding half wave.
When the switch E is open the electrodes con-
nected to the two circuits operate independently

" thus permitting one set of electrodes to be ener-
" gized from one half of the wave with impulses 20 .

having different characteristics from those ap-
plied to the other set of-electrodes during the suc-
eeeding half wave. -

1If the top shoe and one of the other shoes are
adjusted to contact with the rotor tips normal 25
energization will be provided during one half wave
and impulse or steep wave front energization dur-
ing the succeeding half wave when the discharge
takes place across the gap between the third shoe
and the rotor tips. 30

In many installations there is no particular
advantage gained through the use of such a dis-
tributing switch and an ordinary spark gap can
be subst.tuted for it as shown in Fig. 5. In this
arrangement of the circuit the members angd con- 35
necticn~ are quite ‘similar to those shown in
Fig. 1, except that spark gap 52 replaces rotating
switeh 5 and conductors 53 and 54 replace con-
ductors 2! and 22, but the characteristics of the
circuit are not now so fully under control be- 40
cause the only possibilities in spark control are
to change the size and spacing of the terminals
of spark gap 52. Choke coils 55 prevent the im-
pulses from rushing undamped down one partic-
ular conductor and not supplying energy to the 45.

.other conductor,a condition which has been found

to exist in varying degrees when steep wave front
impulses are utilized in circuits of the nature de-
scribed. . The discharge electrodes are indicated
as wires in cross-section at 58, and the collecting 50
electrodes 57 are common to all the units. The
numeral 58 identifies insulated non-discharging
electrodes which are a part of the condenser unit.
They are shown in this figure as plate-like mem- }
bers. - 65
Fig. 6 shows a diagram of ‘a system embodying
the invention wherein four thermionic rectifiers-
are utilized to provide impulses of different char-
acteristics during successive half waves or cycles.
The system is shown operatively connected with 60
two precipitator units and an {ntervening con- ’
denser unit as in Fig. 5. In the figure T indi-

cates g high voltage transformer connected at

each end to the discharge electrodes of one of
the units through thermicnic rectifier K, recist- 03
ance R, adjustable spark gap 52 (52") ad usted,
by means of screw mechanism C, C’ (A, A’) and
conductor 53 (54). The ends of the transformers
are likewise conne-ted to the collecting €electrodes
through thermionic rectifiers, while the circuits 70-
to the discharge electrodes are separately connect- -
ed to the condenser plates 68 (58°) between the
thermioric rectifier and the spark gap in each -

5.
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A direct connection F with high voltage switch
E is provided between each circuit. <

With -both spark gaps open and switch E dpen,
each treater unit will be supplied with steep wave
front impulses of independently variable char-
acteristics, in alternate half wave periods. If
switch E is closed, both treater units will be en-
ergized simultaneously, with impulses of alternat-
ing characteristics. - :

If one of the spark gaps is closed and switch
E is open, one of the treater units will be nor-
mally energized while the other will be ener-
gized with steep wave front impulses in the suc-
ceeding half wave periods. If switch E is closed,
the treater units will be simultaneously energized
normally and with stesp wave front impulses in
successive half wave periods.

Fig. 7 shows a system of -energization utiliza- "

tion, s middle transformer top and two thermionic
rectifiers K. The connections between the trans-
former and the treater units are the same as in
Fig. 6, except that instead of connecting the ends
of the transformer with the collecting electrodes

. through thermionic rectifiers, the mid point of

the transformers is directly connected with the
collecting electrodes. This system may be oper-
ated similar to that shown in Fig. 6. However,
the potentials available in the system of Fig. 7
will only be half those available in the system
of Fig. 6, if all other conditions are the same.

In Fig. 8 is shown a system utilizing a rotary
switch § for connecting alternate half waves to
successive treater units. With this system the
different treater units may be energized with im-
pulses of different frequencies (if one of the spark
gaps 52, 52’ is closed one of the treater units
will be normally energized), but does not permit
energizing a single treater with successive im-
pulses of different characteristics.

Pig. 9 shows a system having similar operating
characteristics to that of Fig. 8, but utilizing two

. thermionic rectifiers K in place of the rotary

switch 4. -

The parts of condenser 28, as shown In Fig. 1,
are spaced and supported in much the same way
as those in units 33a and 33b, but, whereas sep-
arate electrical connections are made to the high
voltage electrodes in the latter units, as indicated
by conductors 24 passing through insulating bush-
ings 59 and insulating plates 60, connection 20 is
connected to the mechanical support provided
for the insulated members of unit 28. It will also

" 'be noted that only one rapping member 44 is

56

80

65

70

(]

shown. When the plates of this unit are small

.and not many in number, a unidirectional rapping

is satisfactory, but in large units the two-way
rapping indicated in Pig. 3 has the definite ad-
vantages described above. :

From a consideration of the construction of the
gas treating apparatus and the connections mak-
ing up the present circuit, it can be seen that
definite advantages are involved in making up
the condenser 'as shown and incorporating it
within the precipitator casing, although the in-
vention is not limited to such an arrangement as
in all of the embodiments described herein con-
densers of different type may be used. High

voltage condensers, especially when they include -
- & gaseous dielectric, require a great deal of space,

and because of the necessity of placing a safe-

“guarding structure around such condensers the
_.space required is often more than can be pro-

vided adjacent an electrical treater. An advan-
tage of the gaseous type condenser is that it is
simpler than the condenser with oil or wax as g ‘

electrode in the ionizing units.

's0 as to energize
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dielectric and if kept clean is not likely to punc-
ture. However, should it puncture, no damage is
done as the dielectric is self-healing. Another
advantage of this type of condenser is the rapidity

same. As illustrated, the condenser functions
as part of the precipitating apparatus and has a
definite part in the removal of suspended par-
ticles from the gases. If in a particular problem
there is no great advantage in having it function
in this way, it can be placed in any position in
the gas stream. In the use of a revolving switch
to furnish spark gaps and to distribute the energy
impulses great flexibility is afforded. Not only

can the gaps be changed in length and the time 15 _

when breakdown is effected be controlled, but
its use makes easy the energization of precipitator
units every other half cycle, which tends to de-
crease the amount of energy réquired for the op-
eration of a precipitator with a plurality of units.

It has been found that the capacitance of a
condenser used in the manner described should
preferably be at least ascgreat as the capacitance
of all the precipitating r')units to which it is con-~
nected. For example, if the rods in unit 28 in
Fig. 1 are 3’ in outside diameter and spaced 2’
apart along the flue, the discharge electrodes can
be .05’ in diameter and positioned 6’ apart along
the flue. The collecting plates 34 can be 8’ apart
in all units, but this is not necessary if there is
any reason for changing the spacing in the con-
denser unit. It is preferable that with the di-
mensions above given there should be one non-
ionizing rod in the condénser for every discharge
In Fig. 1 only
one rod is shown for every two discharge wires,
but that is because only one set of discharge
wires is being energized at a given time, If both
units were energized at the same time, which
would be true if jumper 23 was in place, then the 4
capacity of the condenser should be doubled over
that shown. '

It is, of course, not necessary that the appara-
tus be constructed exactly as shown in the draw-

20

30

35

ings or described in the above specifications. 45 -

Msany changes in size, shape, and arrangement of
parts may be possible or desirable. For instance,
while it is polnted out that satisfactory results
are obtained when the capacitance of the con-

“with which it takes a charge and discharges the 5

denser is equal to the capacitance of the ionizing 50 -

units to which it 1s at any one time connected,
1t is advisable at times to increase the capacitance
of the condenser to at least twice that of the ioniz-
ing units. The energy directing means may be a

thermionic valve or several such valves connected 55

to permit only unidirectional flow of electric cur-
rent. A spark gap of great fiexibility is made
possible by the described synchronously rotated
mechanical switch with so-called stationary shoes

on adjustable supports which permit the shoes to 60 -

be individually moved radiaily and angularly with
respect to the axis of rotation; and the shoes may
be of different lengths. - Other changes will be ob-
vious to those skilled in the art which can be
made without ‘departing from the scope of the
invention, which broadly comprises means for im-
pressing high tension électrical impulses of steep
wave front and short duration across the com-
plementary electrodes of a device for subjecting
flulds to electrical treatment, said means escen-

65

*tially comprising a source of high tension alter-

nating cwrrent, means for rectifying such cur-
rent, means for setting up steep wave front im-
pulses and means for distributing such impulses

e

fluid treating means with steep-75 -
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wave front impulses havmg successively different
characteristics.

This application is a continuation-m-part of
applcation Serial No. 670,558, “Fluid treaters”,
filed May 11, 1933.

I claim:

1. An electrical clrcmt for impressing electrical
potentials across the complementary electrodes
of devices for subjecting fluids to electrical treat-
ment ¢omprising means providing high tension

~ alternating current, means including a spark gap

15°
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40

and a condenser to convert successive half waves
of said :current into steep wave front impulses
of alternately different characteristics and energy
directing means for impressing said impulse
across said complementary electrodes.

2. An electrical circuit for impressing electrical

potentials across the complementary electrodes of .

devices for subjecting fluids to electrical treat-
ment comprising means providing high tension
alternating current, means to convert successive
half waves of said current into steep wave front
impulses of alternately different characteristics,
and energy directing means for impressing said

" impulse across the complementary electrodes of

a plurality of treating devices in succession.

3. A system for electrically treating fluids com-
prising a source of high voltage alternating cur-
rent, a treater unit including spaced electrode
members, and means connecting said electrodes
with said .source of high voltage alternating cur-
rent including & spark gap and a condenser to
convert successive half waves of said current into
steep wave front impulses of alternately different
characteristics and energy directing devices

adapted to impress said impulses across said elec- :

trodes.

4. A system for electrically treating fluids com-~
prising a source of high voltage alternating cur-
rent, a treater unit including spaced electrode
members, and means connecting said electrodes
with said source of high voltage alternating cur-

~ rent including means to convert successive half

45

50

waves of said current into steep wave front im-
pulses of alternately different characteristics and

-energy directing devices comprising ‘thermionic

rectifiers adapted to impress said impulses across
said electrodes.

5. A system for electrically treating fluids com-
prising a source of high voltage alternating cur-

" rent, a treater unit including spaced electrode

55
60
65
70

.

members, and means connecting said electrodes
with said source of high voltage alternating cur-
rent including means to convert successive half

waves of said current into steep wave front im- -

pulses of alternately different characteristics, and
energy directing devices comprising rotating
switch rectifiers operated in synchronism with the
variation in voltage of the current adapted to
impress sald impulses across said electrodes.

6. A system for electrically treating fluids com-

prising a source of high voliage alternating cur-
rent, a treater unit including spaced electrode
members, and means connecting said electrodes
with said source of high voltage alternating cur-
rent including a rotary spark gap rotatable in
synchronism ‘with the variations in voltage of the
current and a condenser to convert successive half
waves of said current into steep wave “front im-
pulses of alternately different characteristics, and
energy directing devices adapted to impress said
Impulses across said electrodes.

7. A system for electrically treating fluids com-~

prising a source of high voltage alternating cur-

rez_lt, a treater unit including .spaced electrode

5

members, and means connecting said ‘electrodes
with said source of high voltage alternating
current including an adjustable spark gap and
a condenser to convert successive half waves

.of said current into steep wave front impulses of §

alternately different characteristics, and energy
directing devices adapted to impress said im-
pulses across said electrodes.

8. A system for electrically treating fluids com~
prising a source of high voltage alternating cur-’
rent, a treater unit including spaced electrode
members, and means connecting said -electrodes -
with, said source of high voltage alternating cur-
rent including an adjustable rotary spark gap
rotatable in synchronism with the variations in 15
voltage of the current and a condénser to convert’
successive. half waves of said current into steep
wave front impulses of alternately different char-
acteristics, and energy directing devices adapted
to impress said impulses across said electrodes. . 20

9. A system for electrically treating fluids com-
prising a source of high voltage alternating cur-
rent, a treater unit mcludmg spaced electrode
members and means connecting said electrodes
with said source of hight voltage alternating cur- 25
rent including a rotary spark gap rotatable in
synchronism with the variations in voltage of the
current and having .means to vary the width of
the gap to convert successive half waves of said
current into steep wave front impulses of alter- 30
nately different characteristics, and energy di-
recting devices adapted to impress said impulses
across said electrodes.

10. A system. for elect‘rically treating fluids
comprising a source of high' voltage alternating 36
current, a treater unit including spaced electrode
members, and means connecting said electrodes
with said source . of high voltage alternating cur-
rent including a rotary.spark gap rotatable in ‘
synchronism with the variations in voltage of *he 40
current and having means to vary the duration of
the spark to convert successive half waves of said
current into steep wave front impulses of alter-
nately different characteristics, and energy di-

- recting devices adapted to impress said impulses 45

across said electrodes. .

11 A systemn. for electrically treating fluids
comprising a source of high voltage alternating
current, a treater unit including spaced electrode
members, and means connecting said electrodes 50
with said source of high voltage alternating cur-
rent including a rotary spark gap-rotatable in
synchronism with the variations in voltage of the
condenser and having means to vary the time of
discharge relative to said variations in voltage 65
to convert successive half waves of said current
into steep wave front impulses of alternately dif-
ferent characteristics, and energy directing de-
vices adapted to impress said impulses across said
electrodes. }

"12. A system for electrically treating fluids
comprising a source of high voltage alternating
current, a plurality of treater units each including
spaced electrode members, means connecting said
electrodes with said source of high voltage alter- 65
nating currentLincludmg means to convert suc-
cessive nalf waves of said current into steep wave
front impulses of alternately different character-
istics, and energy directing devices adapted to im- .
press sajd impulses of varying characteristics 70

60

.across said electrodes.

13. A system for electrically treating fluids
comprising & source of high voltage alternating
current, a plurality of treater units each including

_spaced electrode members, means connecting said 75
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electrodes with said source of high voltage alter-
nating current including means to convert suc-
cessive half waves of said current into steep wave
front impulses of alternately different character-

'istics, and energy directing devices adapted to

impress sald impulses of varying characteristics
alternately across the electrodes of successive
units.

14. A system for electrically treating fluids
comprising a source of high voltage alternating
current, a plurality of treater units each includ-
ing spaced electrode members, means connecting
said electrodes with said source of high voltage

" alternating current including means to convert

successive half waves of said current into steep
wave front impulses of aliernately different char-
acteristics, and energy directing devices adapted
to impress said impulses of varying character-
istics across the electrodes of a plurality of units.

15. A system for electrically treating fluids

comprising a source of high voltage alternating
current, & treater unit including spaced electrode
members, and means connecting said electrodes
with said source of high voltage alternating cur-
rent, including means to convert alternate half
waves of said current into steep wave front im-
pulses and ‘energy directing devices adapted to
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impress said impulses and the unconverted half
waves across said electrodes. :

16. A system for electrically treating fluids
comprising a source of high voltage alternating
current, a plurality of treater units including §
spaced electrode members, and means connect-
ing sald electrodes with said source of high volt-
age alternating current, including means to con-
vert alternate half waves of said current into
steep wave front impulses, and energy directing 10
devices adapted to impress said impulses and the .
unconverted half waves alternately across the
electrodes of a plurality of treater units in sue-
cession. : .

17. A system for electrically treating fluids 15
comprising a source of high voltage alternating
current, & plurality of treater units including
spaced electrode members, and means connecting
said electrodes with said source of high voltage
“alternating current, including means to convert 20
alternate half waves of said current into steep
wave front impulses and energy directing devices

~adapted to impress said impulses and the uncon-
verted half waves across the electrodes of a plur- o5
ality of units.

HARRY A. WINTERMUTE.



