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The present invention is generally concerned 
with the art of electrically precipitating Sus 
pended particles from a stream of gas, and more 
particularly with improvements in methods and 
in apparatus of the type in which the particle 
laden gas is passed first through a charging field 
in which corona discharge is produced, to elec 
trically charge the suspended particles, and is 
then passed through a Spatially Separate elec 
trostatic precipitating field. Which is Substantial 
ly free from corona discharge, to precipitate 
the charged particles. With this arrangement, 
the gas is subjected successively to two function 
ally distinct fields and it has been termed the 
'separated field' system. The first field is main 
tained between two electrodes of which one is a 
discharge electrode and the other is non-dis 
charging, while the second field is maintained 
between two or more substantially non-dis 
charging electrodes, it being preferred in the 
present invention to provide a plurality of pairs 
of substantially non-discharging electrodes be 
tween which there is established a plurality of 
precipitating fields. 

In the following description and appended 
claims, the term “discharge electrode' will be 
understood to designate an electrode that fa 

because 
it has a configuration that establishes a Suffici 
ently high potential gradient at or near its Sur 
face to create corona discharge before there is a 
disruptive discharge or sparkover. For this pur 
pose, the discharge electrode usually takes the 
form of a member of small surface area, such 
as a small diameter wire or a rod provided with 
sharp edges or points, whereby there may be 
created in the immediate vicinity thereof a Suf 
ficiently high electric field intensity to cause 
ionization and corona discharge. The term "non 
discharging electrode' will be understood to 
designate an electrode that minimizes or pre 
vents corona discharge therefrom because it has 
a configuration that establishes a Sufficiently low 
field concentration at or near the Surface to Sup 
press corona discharge at elevated potentials 
lower than the voltage required for disruptive 
discharge or sparkover. For this purpose, a non 
discharging electrode usually is one of extended 
surface area, substantially free from sharp cor 
ners or other parts of sharp Surface curvature 
at all portions which are located within the 
electric field, so as to substantially avoid ioniza 

5 5 

tion or corona discharge at that electrode. 
By comparison with a "single field' precipita 

tor in which the suspended dust particles are 

(C183-) 
electrically charged and are precipitated in a 
Single electric field, the separated field precipi 
tator offers various advantages. Not only is the 
latter type often more economical to install and 
to Operate, but it has certain inherent operating 
characteristics that render it more efficient with 
certain types of dust. For example, the precipi 
tating section of the separated field precipitator 
is ordinarily substantially free from a phenom 
enon termed "back-corona' which is caused by 
the formation of a localized ionizing field on the 
collecting electrode and which interferes greatly 
with the effective collection of the suspended 
particles. Another advantage of the separated 
field type of precipitator is that, for a given spac 
ing between tWO Opposing electrodes, a material 
‘ly higher potential difference may be maintained, 
without causing disruptive discharge or arc-over 
therebetween, when both electrodes are of the 
non-discharging type than when one of the elec 
trodes is a discharge electrode. Consequently, it 
is possible to maintain a relatively higher poten 
tial gradient between two non-discharging pre 
cipitating electrodes than in a precipitator hav 
ing the collecting electrode opposed by a dis 
charge electrode. The higher potential gradient 
causes more rapid and effective collection of the 
particles. 

However, certain precipitators of the separated 
field type have heretofore had the disadvantage 
of losing dust from the collecting surface of the 
precipitating electrodes when the gas stream ex 
ceeds a critical velocity, because the dust parti 
cles become either neutral or charged with the 
same polarity as the electrode and so are no. 
longer attracted electrically to the collecting 
electrode. Examination of the dust blown out 
of the precipitator discloses that the loss is 
chiefly in the form of agglomerates of a num 
ber of the particles originally suspended in the 
gas, indicating that apparently the particles 
have been once precipitated on to the collecting 
electrode but have become so lightly held that 
after an agglomerated maSS has formed, the gas 
stream is able to blow the agglomerate of the 
collecting surface and re-suspend it in the out 
going gas. The quantity of dust blown from the 
field at relatively low gas Velocity is ordinarily 
negligible, as all the dust particles precipitated 
are securely heid, but it becomes increasingly 
appreciable at higher velocities and operates to 
place a definite limit on the gas handling ca 
pacity of the treater, this limit being much lower 
than the capacity as measured by the ability of 
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ticles. 
The action of the gas stream as it moves over 

the layer of the precipitated particles on the 
electrode, may be characterized as erosion of the 
dust layer. The critical gas Velocity at which this 
erosion produces appreciable, dust loss, varies 
with several factors, one of the most important 
of which is the physical properties of the par 
ticles themselves. Dust loss above the critical 
velocity has the effect in practice of reducing 
the capacity of a unit of given size Operating at a 
given efficiency, because of the limitation on di 
mensions required in order to keep the gas Ve 
locity below critical values. Expressed differ 
ently, the reduction of collection efficiency caused 
by erosion losses increases the size of plant 
equipment required to treat a given volume of 
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gas without going below a minimum eficiency. 
Under such circumstances as these, it is possible 
to have either relatively high collection efficiency . 
or relatively high gas capacity, but the combina 
tion of circumstances is such that maximum 
values of efficiency and capacity cannot be had 
simultaneously. 

In the case of precipitators operating upon gas 
streams with relatively light dust loadings, as 
for example in modern air-conditioning equip 
ment, it has become desirable to provide a treater 
with a large dust retention capacity in the sense 
that the precipitator should be able to retain a 
relatively large deposit of dust on the electrodes 
and still operate efficiently. With heavy dust 
loadings, it is necessary to clean the collecting 
electrodes of conventional precipitators at short 
intervals of the order of a few minutes, and for 
this purpose treaters have been equipped with 
heavy duty rapping mechanisms, often auto 
matically operated, which jar the collecting elec 
trodes at pre-determined intervals so as to shake 
loose the accumulated deposits of dust. Natu 
rally, the lower the dust concentration in the 
gas stream, the longer may be the interval be 
tween Successive cleanings. With a light dust 
loading, if the dust retention capacity of the 
treater be sufficiently high, the rapping mecha 
nism can be eliminated entirely and hand clean 
ing resorted to because it may be sufficient to 
clean the electrodes once a day, or at intervals 
Of greater magnitude. Under SOme circumstances 
this may be true, even though the dust loading 
is fairly heavy. Elimination of the rapping 
mechanism means not only a simpler, but also 
a lighter and more economical construction which 
better adapts the electrical precipitator to fill 
needs and conditions that are encountered with 
relatively low dust loadings, 
Thus it becomes a general object of my inven 

tion to provide an improved separated field type 
of precipitator in which erosion losses are re 
duced and the precipitated particles are held in 
the treater against a tendency to re-suspend 
them in the gas stream, thus increasing the ef 
ficiency of the treater at the gas velocities above. 
those now practical. 
The general objects of my invention also in 

clude provision of a method of precipitating the 
charged particles in a precipitating section com 
prising the steps of passing the gas through a 
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plurality of precipitating fields that act succes 
'sively on the charged particles and are sufficient 
in number to collect substantially all particles 
even though the gas velocity is so high that the 
first field or few fields do not precipitate all 
particles, thus increasing capacity and efficiency. 

2,225,677 
the two fields to charge and precipitate the par It is also an object to provide a method of 

precipitation that involves passing the gas 
through successive precipitating fields to re 
precipitate any re-suspended particles and to 
increase the gas capacity and collection efficiency 
by eliminating any agglomerates of particles 
from the gas leaving the precipitator. 

It is also a principal object of my invention 
to provide an improved separated field type of 
precipitator in which the gas capacity of a treater 
of given size is increased by increasing the ve 
locity of flow past the electrodes without requir 
ing any increase in electrode size or the quantity 
of power used to effect the desired degree of 
precipitation. 
Another object is to improve the collection 

efficiency and capacity of the separated field type 
of treater in such a way that the treater may 
be Operated at maximum efficiency and maximum 
capacity without sacrifice of either. 
A further object is to provide a precipitator of 

'this character having a sufficiently high dust 
retention capacity to reduce the necessity of 
frequent rapping of the electrodes, and, under 
some circumstances, as when the precipitator is 
used with a gas stream of light dust loading, to 
make possible the entire elimination of mechani 
cal rapping mechanism. 
Another object of my invention is to provide 

an electrical precipitator of relatively large ca 
pacity which secures even distribution of the 
gas stream throughout the entire cross-section 
of the gas duct and which may easily be provided 
With baffles that divert the gas Stream to the 
electrodes from that portion of the gas duct not 
occupied by electrodes. 

Still another object of my invention is to pro 
vide a precipitator of the separated field type 
which is of simplified construction and may be 
manufactured easily and economically. 
These objects are attained according to my 

invention by providing, in an electrical precipi 
tation apparatus through which flows a stream 
of gas containing Suspended particles to be re 
moved, a pair of electrodes of which one is a 
discharge electrode, providing a charging field 
in which ionization is produced, and a plurality 
of Sets of non-discharging electrodes, each set 
Comprising a plurality of electrodes, disposed be 
yond said first pair of electrodes in the direction 
of stream flow and providing a plurality of pre 
cipitating fields substantially free of ionization 
Or Corona discharge. Each of these non-dis 
charging electrodes is fluid-pervious and extends 
transversely to the direction of stream flow. 
These latter electrodes are preferably flat, plate 
like members having openings through which the 
gas flows, and each electrode, taken as a whole, 
presents a substantially plane collecting surface 
disposed. perpendicularly to the gas stream. 
Means are provided for applying a high poten 
tial difference between electrodes of the first pair 
in order to establish an ionizing or charging field 
around the discharge electrode, and for applying 
a high potential difference between members of 
each set of the non-discharging electrodes to 
establish a series of substantially non-discharg 
ing precipitating fields which effect precipitation 
of suspended dust particles, previously charged 
in the charging field, upon the fluid-pervious 
collecting electrodes. Certain of the precipitat 
ing fields in the series are oppositely directed to 
others of the precipitating fields. 
The method of my invention includes passing 

the gas through an electric field producing corona 
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lished in order to charge the particles suspended discharge in order to charge the suspended 

particles. The gas stream is then passed through 
a series of substantially non-discharging precipl.- : 
tating fields which are so maintained that such 

O 

s 

cessive fields are in opposite directions. As the 
gas passes through the plurality of precipitating 
fields, the electric forces exerted by successive 
fields are successively substantially coincident 
with and then opposed to the direction of gas 
flow. By subjecting the gas to a field forcing 
particles in the direction of gas flow and then 
one opposed to it the particles are precipitated 
on both faces of the fluid-pervious electrode 
bounding both fields. The steps of passing the 
gas stream through successive fields insures pre 
cipitation of dislodged agglomerates on succeed 
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ing electrodes of polarity opposite to the one from 
which the agglomerate was dislodged. . . . 
In a preferred form of my invention I provide 

a pair of electrode supports that are insulated 
from the precipitator housing and serve to sup 
port One or more discharge electrodes and alter 
nate ones of the fluid-pervious collecting elec 
trodes in a rigid unitary assembly that can be 
removed as a whole from the housing by move 
ment parallel to the planes of the electrodes and 
transverse to the direction of gas flow. The 
remaining electrodes, which oppose the electrodes 
Supported from these removable supports, are 
mechanically supported by the housing and elec 
trically grounded through the housing. 
The attainment of the above objects and ad 

vantages of my invention, as well as others not 
specifically mentioned, will be more clearly un 
derstood by reference to the following descrip 
tion and drawings, in which: 
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Fig. 1 is a plan view of a preferred form of 
separated field type precipitator with the top 
cover plate broken away; 

Fig. 2 is a combined vertical section and eleva 
tion with the side cover plate broken away, the 
view being taken on line 2-2 of Fig. 1; 

Fig. 3 is a combined transverse vertical section 
and end elevation, the section being taken on 
line 3-3 of Fig. 1; 

Fig. 4 is an enlarged fragmentary horizontal 
section through the marginal portion of a fluid 
pervious transverse electrode; 

Fig. 5 is an enlarged fragmentary elevation 
of the portion of the electrode shown in Fig. 4; 

Fig. 6 is an enlarged fragmentary vertical Sec 
tion of an upper corner of a precipitator showing 
an application of baffles to this portion of the 
treater; 

Fig. 7 is a fragmentary longitudinal vertical 
section of a variational form of treater, the sec 
tion being taken on line 7-7 of Fig. 8; 

Fig. 8 is a fragmentary combined end eleva 
tion and transverse section of the treater illus 
trated in Fig. 7; and . 

Fig. 9 is a fragmentary vertical transverse. Sec 
tion through another variational form of treater 
illustrating a four point suspension of the trans 
verse collecting electrodes. 

Referring now particularly to Figs. 1-3, the 
electric precipitator shown therein comprises a . 
housing O which is preferably rectangular in 
shape. The gas stream flows longitudinally 
through housing 0, entering from inlet header 
f2 and being exhausted through outlet header 
4. Near the head or inlet end of housing 0, 
which forms a conduit for confining the gas 
during its flow through the treater, there is pro 
vided one or more pairs of electrodes between 
the members of which an ionizing field is estab 

3 

in the gas stream. Each of these pairs of elec 
trodes comprises a discharge electrode and 
a non-discharging electrode it. 

Non-discharging electrodes is are shown as 
vertically extending cylindrical members, prefer 
ably hollow tubes, of sufficient diameter to re 
duce or eliminate any corona discharge there 
from, and extend for the full height of housing 
lo, being supported on a transverse member 7. 
The upper end of each electrode is braced against 
lateral movement by a tie rod 2 a which connects 
the electrode to a transverse member 27b ex 
tending between brackets 27. Electrodes 6 are 
aligned in a single plane extending transversely 
of housing 0 and preferably perpendicular to 
the line of gas flow indicated by arrow 8. It 
will be understood that other types of non-dis 
charging electrodes, such as plates, may be used 
instead of the cylindrical members shown. Mid 
way of the interval between each two non-dis 
charging electrodes 6, there is located a dis 
charge electrode 5 which preferably takes the 
form of a wire of relatively small diameter that 
facilitates the formation of corona discharge 
around the wire. Electrodes 5 extend vertically 
parallel to electrodes f6 and are located in the 
common transverse plane of the non-discharging 
electrodes, which plane extends transverse to the 
direction of gas flow. Each electrode wire 5 
is stretched between a pair of vertically spaced 
arms 9 and 20 at the top and bottom respec 
tively of the electrode. As shown in FigS. 1 and 
3, arms 9 are attached to cross-bar 2 and arms 
20 are attached to another cross-bar 22, the two 
cross-bars being joined by vertical members 23 
to form a rectangular frame that supports all of 
the discharge electrode wires in place. 
This rectangular frame is supported from 

cross-member 2, the ends of which rest upon 
longitudinally extending electrode supporting 
members or bus-bars. 25. The ends of bus-bars 
25 are in turn supported each upon an insulator 
26 resting upon a bracket. 27 attached to the 
walls of housing 0. High potential electric cur 
rent is applied to electrodes 5 by electrical con 
ductor 28 which is connected to one or both of 
the bus-bars and enters housing 0 through the 
lead-in insulator bushing 30. Conductor 28 is 
connected to some suitable source of high po 
tential indicated diagrammatically at 29 as these 
devices are well known in the precipitation art. 
In general, it is preferable to provide at this 
source means for supplying unidirectional cur 
rent although alternating current may be used; 
and conductor 28 is connected there to one side 
of this source, the housing O being connected 
through conductor 28a to the other side of the 
source. Housing O is provided with a suitable 
ground connection as shown at 3. Electrodes 
6 are mechanically connected to housing O 

through support 7 and braces. 27a, and the elec 
trodes are thus electrically grounded through 
their connections with the housing. The high 
potential difference supplied to discharge elec 
trodes f S through conductor 28 and bus-bars 25 
establishes a charging field between each dis 
charge electrode and the opposing non-discharg 
ing electrode or electrodes 6. This charging 
field extends transverse to the direction of gas 
flow, and by having a sufficient number of pairs 
of these electrodes arranged in a single trans 
verse plane, the charging fields extend entirely 
across housing to and all of the inconing gas 
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ing field to charge the suspended particles. 
At points removed in the direction of gas flow 

from the electrode structure previously described, 
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there is located a plurality of sets, preferably 
two, of non-discharging collecting electrodes 3 
and 34. Electrodes 3 of one set and electrodes 
34 are all placed in parallel planes extending 
transversely of housing 0 and the stream of 
gas flowing through the housing, the electrodes 
preferably being substantially perpendicular to 
the gas flow. 

Electrodes 33 are larger than electrodes 34 and, 
as shown in Fig. 3, substantially fill the entire 
cross-section of housing 0, except at the upper 
corners. The construction of an electrode 38 is 
shown in some detail in Figs. 3 to 5. It will be 
seen that each electrode comprises a frame mem 
ber 36 around its periphery, and it is preferred to 
use for this purpose a hollow pipe or tube as it 
provides a member with desirably large external 
diameter and the requisite structural strength, 
without being unnecessarily heavy. The frame 
formed by pipe 38 bounds the entire periphery of 
electrode 33, and across this frame is placed a 
foraminous metal sheet 3 having numerous gas 
openings 38. It is preferred that metal sheet 87 
present a substantially plane surface to the on 
coming gas stream, for reasons which will be dis 
cussed later, and it has been found that the de 
sired type of surface can be conveniently supplied 
by using expanded metal which has been rolled 
flat, or by punching the necessary gas openings 
38 in a flat metal sheet. As shown in Fig. 3, elec 
trodes 33 are each sufficiently large that they are 
substantially in engagement at their edges with 
the walls of housing 0, in order to prevent the 
gas stream from by-passing the electrodes, except 
at the upper corners of the electrodes which are 
cut away, as illustrated, by an amount determined 
by the minimum electrical clearance, to allow 
bus-bars 25 to pass longitudinally of the housing. 
Since electrodes 33 are in contact with housing 
O and grounded therethrough, it is necessary that 

there be at least sufficient spacing between any 
part of these electrodes and a bus-bar 25 to pre 
vent an arc-over between these members. 
Although any other suitable means of mount 

ing electrodes 33 in place may be used, it has been 
found convenient to insert a pin 40 through the 
housing wall and into the electrode frame at each 
side of the housing. A convenient location is the 
open end of the hollow frame member where it 
extends horizontally near the upper end of the 
electrode, as illustrated in Fig. 3. Pins 40 are 
screw threaded or otherwise attached to the 
housing Walls. The weight of the electrode may 
be carried on these two pins 40 if desired, or the 
electrode may rest at its lower end upon longitu 
dinally extending channel members 4. The 
lower end of each electrode 33 is held against 
movement parallel to the gas stream by pins 42, 
there being a pair of spaced pins 42 at each side 
of the electrodes engaging opposite faces of the 
electrode. With this construction the electrode 
is held firmly against any horizontal movement, 
but can be withdrawn from between pins 42 by 
Vertical movement. 

Except for its smaller size and somewhat dif 
ferent shape, each electrode 34 is constructed 
Substantially the same as an electrode 33. Each 
of these smaller electrodes is provided with a 
frame member 36a extending around its periph 
ery, this member being preferably the same as the 
hollow pipe 36. Across the frame so formed is 
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from header inlet 2 is passed through an ioniz placed a foraminous metal plate 37a having the 
fluid-pervious characteristics in general of the 
plate 3 just described. - 
Although any suitable means of supporting each 

electrode 4 may be employed, it has been found 
convenient to extend the side members of the 
frame 3a upwardly above the top horizontal 
member and pass these extensions of the elec 
trode through bus-bars 25, as shown in Fig. 3. 
Set screws 4 in the electrode supports 25 hold 
the electrode against vertical movement; and the 
extensions of the frame members fit snugly in 
openings in the supports in Order to afford suff 
cient resistance to swinging movement of the 
electrode to hold it in a vertical position. 

High potential current is applied to the set of 
electrodes 34 through their connection to bus 
bars 25, and consequently these transverse elec 
trodes are spoken of as high tension eelctrodes. 
It is necessary that the high tension electrodes 
be spaced from the other set of electrodes 33 and 
all parts of housing 0, which are grounded, by 
sufficient distance to prevent any sparkOver Or 
short-circuiting. This minimum spacing of the 
high tension electrodes from the low tension parts 
of the precipitator is termed the electrical clear 
ance, and the spacing between the edges of the 
electrode and the housing walls is at least equal 
to the required electrical clearance, though it may 
be greater. The amount of electrical clearance 
required varies with the nature of the opposing 
surfaces in accord with the general principles in 
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volved in facilitating or suppressing corona dis 
charge. Since electrical clearance may be less 
where the opposed parts nave relatively large radii 
Of curvature, it is preferred to use a member haW 
ing this characteristic around the periphery of 
electrodes 34, and also that the edges of the metal 
around the openings 38 in the foraminous metal 
sheets be rounded somewhat to eliminate very 
sharp edges which would necessitate increased 
spacing between successive electrodes 33 and 34. 
It will be noticed that the construction and design 
of all of the transverse electrodes is such as to 
render them substantially non-discharging at the 
electric potential supplied. 

Because of the required spacing between the 
edges of the high tension electrodes and the hous 
ing walls, there is left around these electrodes an 
opening through which an appreciable portion of 
the gas stream can by-pass the electrode without 
going through the openings in the electrode itself. 
This tendency of the gas stream to by-pass the 
electrodes can in a large measure be eliminated 
by providing the grounded electrodes with im 
perforate marginal portions that act as baffles to 
prevent the gas from moving in a straight path 
in the region adjacent the housing walls. Al 
though these imperforate marginal portions may 
take other forms, it is convenient simply to apply 
baffle plates 48 to one face of the electrodes, as 
by Welding. This construction is illustrated in 
Figs. 3, 4 and 5 in which it will be seen that the 
baffle plates 48 are applied to the top, bottom, 
and side edges of electrodes 33, and that the 
baffles extend inwardly from the outer periphery 
of the electrode a distance sufficient that the 
inner baffle edges are approximately in line with 
the periphery of the smaller electrodes. It is 
preferred that the inner edges of baffles 48 be 
slightly inside of the frame members 36a, as 
shown in Fig. 3, as this construction renders the 
baffling effect more effective without materially 
reducing the minimum cross-section available to 
the gas stream. The effect of providing the al 
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ternate grounded electrodes with marginal baffles 
is to reduce the fluid-pervious portions of all the 
transverse electrodes to approximately the same 
size and shape, and to align these fluid-pervious 
portions in the direction of gas flow so that the 
gas tends to flow Only in the desired direction and 
location since it follows the path of least resist 
ace, 
One of the particular advantages of the elec 

trode construction and arrangement thus far de 
scribed is the ease with which the precipitator 
may be assembled or dis-assembled for inspection, 
repair, or cleaning of the electrodes. By remov 
ing the top cover plate of housing 0 and un 
Screwing the four bolts 26c or other means that 
attach longitudinal electrode spports 25 to insul 
lators 26, the entire high tension electrode assem 
bly, including both discharge electrodes 5 and 
transverse electrodes 34, can be removed from the 
precipitator by lifting the assembly vertically to 
move the electrodes parallel to the plane of the 
transverse electrodes. Not only are the electrodes 
thus removed as a unit made easily accessible, but 
the electrodes remaining in the precipitator hous 
ing may be reached easily for cleaning in place or 
removal individually. 

Housing 0 is open on its underside throughout 
at least that portion of the length extending 
under the transverse electrodes. This opening in 
the housing is immediately above a removable 
dust collecting receptacle into which the dust 
precipitated on the electrodes falls. Although it 
will be realized that this collecting receptacle may 
take other forms than that illustrated herein, it 
is preferred that this receptacle be in the nature 
of a drawer 50 which slides longitudinally of the 
housing and is supported by guides which slide 
within horizontally extending channels 4 at 
either side of the housing, as seen in Fig. 3. 
Drawer 50, if unobstructed throughout its entire 
length, would provide space through which the 
gas stream could by-pass the electrodes; and in 
order to prevent this a plurality of vertical baffles 
5 are placed in the drawer. From electrical 
considerations it is preferable to align each of 
the baffles vertically with a grounded electrode 33, 
as then the baffle can be extended upwardly to 
the electrode, or at least sufficiently close thereto 
to prevent gas flow around the electrode. The 
number of baffles 5 - used is immaterial and de 
pends upon the amount of baffling desired; but I 
have shown one baffle 5 beneath each of the 
grounded electrodes as this secures the maximum 
effectiveness of these baffles. 
When the precipitator is in operation, the par 

ticles suspended in the incoming gas stream pass 
through the ionizing field maintained across the 
width of the housing between electrodes 5 and 
6. Assuming that standard practice is followed 
by supplying unidirectional current to the elec 
trodes, the discharge electrodes 5 are of negative 
polarity and consequently the particles suspended 
in the gas stream become charged negatively. 
These particles are then carried by the gas stream 
toward the first transverse electrode which may 
be a high tension electrode 34, but is here shown 
as a grounded electrode 33 and consequently of 
positive polarity or oppositely charged to the 
suspended particles. Some of the negatively 
charged particles are attracted to the positively 
charged electrode and are precipitated on the 
front or upstream side thereof, the particles be 
coming neutralized or even positively charged. 
The remaining negative particles pass through 

openings 38 and enter the first precipitating field 

maintained between the first two collecting elec 
trodes. This field is in a direction to force the 
charged particles toward the grounded electrode 
against the gas stream, and consequently a large 
part of the remaining particles are precipitated 
On the rear or downstream face of the first elec 
trode 33. The deposition is also facilitated by 
eddying of the gas stream as it passes through the 
electrode, since the eddies tend to carry dust par 
ticles toward the back face. Negatively charged 
particles as yet unprecipitated pass through the 
first high tension electrode 34 and enter the sec 
Ond precipitating field, oppositely directed to the 
first, that tends to precipitate particles on the 
front face of the second grounded electrode 33. 
This action is repeated at each electrode 33, and 
the negative particles are subjected to a series of 

5 

O 

5 

successively oppositely directed fields that effect 
substantially complete initial precipitation on the 
first few grounded electrodes. 

If for any reason there are positively charged 
particles in the gas stream, these particles tend 
to go through the first electrode and precipitate 
upon the first high tension electrode 34, since the 
high tension electrode is negatively charged and 
opposite in sign to these positively charged par 
ticles. 
With respect to the positively charged particles, 

the initial precipitating field is in a direction that 
coincides with the gas flow and that forces the 
particles toward the face of the first high tension 
electrode. The next field, being oppositely di 
rected, tends to precipitate positive particles on 
the back side of the electrode. This precipitat 
ing action is the same as described for negative 
particles, the particles in both instances being 
subjected to successive fields of opposite direc 
tion. 

In the event that any agglomerates are dis 
lodged by the gas stream from a collecting elec 
trode, these agglomerates are usually charged 
with the same polarity as the electrode from 
which they are removed and consequently become 
precipitated again upon the next electrode of Op 
posite polarity. Consequently, regardless of the 
charge carried by an agglomerate, it will en 
counter a number of electrodes of Opposite po 
larity upon which it will be precipitated in the 
same way as the original charged particles; and 
in the event that it is again eroded off an elec 
trode, it will still encounter one or more elec 
trodes of opposite sign upon which it can become 
re-precipitated, unless of course it is blown off 
the last electrode. 
The transverse electrodes are preferably alter 

nately high tension and grounded, as there is 
then maintained a substantially non-discharging 
electric field between each two successive elec 
trodes. Considering the first and Second elec 
trodes encountered by the gas stream, as shown 
in Fig. 1, the electrostatic precipitating field 
maintained between this pair of electrodes is in 
a direction to oppose movement of the negatively 
charged particles in the direction of gas glow, 
since these particles are attracted toward the 
grounded electrode and repelled from the high 
tension electrode. If the second and third elec 
trodes are considered as a pair, the non-discharg 
sing precipitating field between them is main 
tained in a direction that assists the movement 
of negatively charged particles in the direction 
of gas flow, and it is opposite in direction to the 
first field. This arrangement of transverse elec 
trodes is preferred because there is maintained 
between each two successive electrodes a substan 
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6 
tially non-discharging precipitating field, and 
successive fields are in opposite directions, that is, 
the fields at the two sides of each electrode are 
oppositely directed. The inter-electrode spacing 

5 is preferably uniform; but it may be desirable 
under some conditions to make the spacing be 
tween successive pairs of electrodes greater than 
the spacing between members of the pair instead 
of substantially equal to it. 
The effectiveness of the collecting electrode ar 

rangement in bringing about a highly efficient 
dust collection and preventing agglomerate loSS 
is the result largely of two factors. The first of 
these factors is the arrangement of a series of 
transverse electrodes through which the gas 
stream passes. Regardless of the charge carried 
by any suspended particles, and whether these 
particles have been charged in the ionizing field 
or have been charged on a transverse Screen and 
then blown of, these particles encounter one or 
more electrodes of opposite sign upon which they 

O 

5 

20 

will become precipitated, except when the parti-- 
cles are blown of the last electrode. The plu 
rality of electrodes form an effective trap which 
catches substantially all the particles, even 
though the gas velocity is so high that the initial 
pair of electrodes alone would be ineffective to 
hold all of the precipitated dust. Because the 
heaviest collection is on the initial screens and 
agglomerates are first blown from these screens, 
it is clear that there is little chance of ag 
glomerates escaping until the last few screens 
become heavily coated with precipitated parti 
cles; and likewise, very little material can escape 
from the precipitator as long as the final few 
screens remain fairly clean. 
The second of these factors is the shape of the 

transverse electrodes themselves. Each of these 
electrodes presents a Substantially plane collect 

40 ing surface to the gas stream. Since this surface 
is preferably at right angles to the gas stream, 
there is much less tendency for the particles to be 
eroded and re-suspended than when the collect 
ing electrode extends in the direction of gas flow. 

4Furthermore, the dust holding capacity of each 
transverse Screen is relatively high, since the 
flat portions of the electrode between the gas 
openings collect and hold a relatively large 
amount of precipitated dust, these collecting sur 
faces being so disposed as not to be subject to the 
high erosion effect of the gas as it passes through 
the Openings. The collected dust forms a rela 
tively thick layer on the front and back sides of 

25 

30 

35 

the transverse electrodes until it is no longer, able 
to adhere to the metal surface and drops off from 
its own weight. The collected dust drops off the 
screen electrodes more readily than from plate 
electrodes since on the latter the dust layer is 
continuous and has greater ability to sustain its 

60 own weight. Experience indicates that this col 
lected dust falls from the electrode mostly in 
pieces too large to be re-suspended in the gas 
stream and that these large falling pieces drop 
directly into dust collection drawer. 50. With 
some dusts no rapping or shaking of the elec 
trodes, manually or mechanically, is necessary to 
clean them, and with other dusts hand cleaning 
at relatively long intervals is satisfactory. Al 
though there may be some agglomerates which 
are small enough to be re-suspended, these part 
cles become re-precipitated upon succeeding elec 
trodes. The deposit on the electrode is naturally 
the same pattern as the metal portion of the 
Screen, and it is preferable that the collecting 

is surface between successive gas Openings be not 
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too large in order to facilitate breaking away of 
the precipitated layer. On the other hand, these 
portions between the gas openings should not be 
too small since then the gas stream has a more 
highly erosive effect. 
The arrangement shown is preferred because 

two sets of transverse electrodes provide a col 
lecting electrode system that is simple, compact, 
and efficient. It provides a plurality of spaced 
precipitating fields having a common direction, 
with a field of opposite direction between two of 
the first mentioned fields. The structure may be 
modified by adding One or more sets of non-dis 
charging electrodes to the collecting electrode 
system without changing the fundamental mode 
of operation. The number of electrodes in each 
of the two sets will vary with several factors, such 
as gas velocity, character of the dust, and volt 
ages used. But under ordinary circumstances 
about eight to ten electrodes in each set have 
been found sufficient to secure the advantages of 
the invention. A higher number of electrodes 
gives still higher efficiency and so may be de 
sired in Some designs; but in most instances the 
increase in efficiency per each electrode added 
decreases after the first eight or ten electrodes 
in each set. Again, a lesser number may be ade 
quate on Some occasions. 

Fig. 6 illustrates an optional baffling arrange 
ment which may be employed with the precipi 
tator described when the spacing between the pe 
riphery of a high tension electrode and the 
housing walls exceeds the minimum electrical 
Clearance, the proportions shown illustrating how, 
when the spacing is increased to two or more 
times the electrical clearance, baffling can be used 
that prevents any straight line flow of gas 
through the entire length of the precipitator 
along the upper corners where the bus-bars pass. 
A typical example of this type of baffling is illus 
trated in Fig. 6, and comprises an L-shaped plate 
55 attached to the cover plate of housing O in 
the plane of a grounded electrode 33. Little or no 
clearance between the edge of the plate and the 
electrode is required, except to insure fitting of 
the Several parts. The generally rectangular 
shaped opening left at plate 55 around bus-bar 25 
is covered by a baffle-plate of approximately sim 
ilar shape attached to the high tension electrode 
in the plane of the latter. Two short pieces of 
pipe 56 and 56a, of the same size as the electrode 
frame, are welded to the electrode frame in the 
positions shown, and a pair of small plates 57 and 
5la are welded in place to fill the gaps between 
pipes 56, frame member 36a, and pipe 56a. In 
order to permit assembly of the electrodes in the 
manner previously described, the upper portion 
of this baffle is made removable and comprises a 
U-shaped pipe member 58 and a plate 59 extend 
ing across the arms of the U-shaped pipe. The 
upper ends of pipes 56 and 56a are provided with 
pins 60 which may be inserted into the ends of 
pipe 58 in order to hold the upper half of the 
baffle in place. Plates 57, 5a, and 59 are notched 
as shown to fit around bus-bar 25 and set screw 
44. Sharp edges around the periphery of each 
baffle are eliminated by rolling the edges, as at 
55a, or by using pipes 56, 56a, and 58, to reduce 
the minimum electrical clearance at these points, 
The two baffles illustrated are each attached to 

an electrode in the plane of that electrode, and 
provided with rounded edges to eliminate corona 
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discharge from the baffles. When the spacing 
between the high tension electrode and the hous 
ing walls is in excess of twice the electrical clear S 
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ance, the baffles may overlap by the amount of 
the excess as they must at all times be spaced 
from oppositely charged members by at least the 
minimum electrical clearance. The use and de 
sign of baffles depends of course on how com 
pletely by-passing of the gas is to be eliminated. 
There is illustrated in Figs. 7 and 8 a variation 

of my invention which illustrates a modified baffle 
arrangement designed to more completely coun 

10 teract any tendency of the gas stream to by-pass 
the electrodes. On top of housing O which con 
fines the gas stream, are two auxiliary compart 
ments 64 formed by housings 65, which extend 
for the full length of main housing 0 and enclose 

15 the insulators and longitudinal members support 
ing the high tension electrodes. The construc 
tion and arrangement of these parts is Substan 
tially the same as already described, except that 
the top wall of housing to passes underneath in 

20 sulators 26 so that they are no longer in the gas 
stream. The vertical side members of the high 
tension electrode frames are extended upwardly 
a sufficient distance to be received in bus-bars 25 
in the manner previously described. An elongated 
slot 66 is formed at each side in the top wall of 
housing 0 to permit these electrodes to extend 
through the housing wall into the auxiliary Com 
partments 64, the slots 66 being of sufficient size 
to afford the necessary electrical clearance be 

30 tween the high tension electrodes and the ground 
ed housing. 
As may be seen from Fig. 8, the size and shape 

of the transverse electrodes is somewhat modified 
since the grounded electrodes 33a conform ex 

35 actly to the cross-section of housing O and now 
completely fill the cross-section of the housing, 
since the necessity of electrical clearance from 
the bus-bars no longer exists. High tension trans 
verse electrodes 34a are the same as previously 

40 described, except that the top frame member is 
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closer to the top of housing 0, and the side ment 
bers extended upwardly a greater distance. As 
before, baffle plates 48 are applied to the grounded 
electrodes to provide them with imperforate nar 

45 ginal portions that reduce the gas pervicus por 
tions of all electrodes to substantially the same 
dimensions and align these gas pervious portions 
in the direction of gasflow. 

If desired, additional baffle members 68 and 69 
50 may be supplied, to still further reduce the tend 

ency of gas to by-pass the electrodes by flowing 
through compartments 64. Bafiles 68 are in the 
form of rectangular plates filling the cross-sec 
tion of housing 65 and provided with circular . 

55 central openings concentric with bus-bars 25. 
These baffles are preferably made in two parts, 
the upper portions being attached to the walls 
of housing 65, and the lower portion being at 
tached to the top wall of housing 0. 

60 construction facilitates assembly and disassembly 
of the precipitator. Baffles 69 are discs attached 
concentrically to bus-bars 25 and preferably have 
a diameter at least equal to the diameter of the 

65 openings in baffles 68. When baffles of this type 
are used, the clearance between bus-bars 25 and 
the walls of the enclosing housing is preferably 
at least twice the required electrical clearance. 
Bafiles 68 and 69 are preferably arranged alter 

70 nately in compartment 64 and the baffles may 
be placed along the compartment at any desired 
intervals and in any desired number, subject to 
requirements of electrical clearance. 
This construction preserves all the advanta 

is geous features of the construction previously de 

This split 

scribed, and operates in the same manner. When 
it is desired to remove the high tension elec 
trode assembly, the first operation is to remove 
housings 65, taking with them the upper por 
tions of baffles 68. The nuts 26.a fastening bus- 5 
bars 25 to insulators 26 are unscrewed, following 
which operation the cover plate of housing to is 
loosened. The electrode assembly can then be 
removed by lifting it vertically in a direction par 
allel to the transverse planes of the electrodes, l0 
the cover plate of housing Obeing lifted upward 
ly with the assembly after the electrodes have been 
raised sufficiently to bring the top horizontal 
frame members of the high tension electrodes into 
engagement with the underside of the cover 15 
plate. It is contemplated that all features of con 
struction not specifically shown or described in 
Connection with Figs. 7 and 8 are the same as 
previously described in connection with Figs. 1 
to 6. 20 
There is shown in Fig. 9 another variational 

form of construction which is particularly adapt 
ed to large units requiring a heavier construction 
than previously shown. In this form, the gas is 
confined by housing 70 across which extends a 25 
number of transverse grounded screens 7 sup 
ported on the housing walls. Placed between 
transverse screens f are a number of high ten 
sion transverse electrodes 72 which are supported 30 
at both their upper and lower ends on longitudi 
nally extending electrode supports or bus-bars 
74, the bus-bars being insulated from the hous 
ing by supporting insulators 75. The transverse 
electrodes 7 and 2 are of fluid-pervious con- 35 
Struction arranged in series in the same manner 
previously described, 

Bus-bars 74 and insulator 75 are preferably 
enclosed in auxiliary compartments at the sides 
of the housing 70, this construction correspond- 40 
ing in general to that shown in Figs. 7 and 8.- 
These auxiliary compartments may also be pro 
vided, if desired, with grounded baffles 76 at 
tached to the walls of the compartment and pro 
vided with a central circular opening through 45 
which the bus-bars pass, and rectangular baffles 
77 mounted on the bus-bars. These baffles are 
arranged to prevent the gas stream from by 
passing electrodes by flowing along the auxiliary 
compartment, in the manner described in con- 50 
nection with Figs. 7 and 8. 
The dust falling from the collecting electrodes 

is collected in hopper 80 provided at the bottom 
of housing TO in place of drawer 50, the lower 
end of the hopper being in communication with 
a suitable dust valve or conveying means, which 
may be of any conventional type suitable for the 
purpose. Hopper 80 is provided with a number 
of baffles 8? that extend vertically and are pref 
erably in alignment with grounded electrodes 7. 
These baffles in the hopper prevent by-passing of 
the gas and direct the stream flow through the 
fluid pervious portions of the transverse elec 
trodes. 65 

It will be understood that the precipitator of 
Fig. 9 will be supplied with one or more pairs 
of electrodes 5 and 6 constructed and arranged 
as shown in Figs. 1 to 3 in order to charge the 
particles suspended in the incoming gas, and that 70 
these electrodes will be arranged in housing Tf 
at the inlet end thereof ahead of the transverse 
collecting electrodes. The method of operation 
of this form of my invention is substantially the 
same as that already described in connection 5 

55 

60 
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with the previously described forms, consequent 
ly the same advantages are obtained. 

Having illustrated and described various forms 
of my invention, it will be understood that changes 
in the arrangement and construction of parts 
may be made without departing from the spirit 
and scope of my invention; and consequently it 
is desired that the foregoing description be con 
strued as illustrative of rather than restrictive 
upon the appended claims. 

claim: 
1. In an electrical precipitation, apparatus 

through which flows a stream of gas containing 
suspended particles to be removed, the contina 
tion of a pair of electrodes of which one is a dis 
charge electrode; means for applying a high 
potential difference between said electrodes to 
establish a charging field; and a plurality of non 
discharging collecting electrodes disposed beyond 
said first pair of electrodes in the direction of 
stream flow, each of said non-discharging elec 
trodes being fluid-pervious and extending trans 
versely to the direction of stream flow; said non 
discharging collecting electrodes being arranged 
in two or more sets with all the members of each 
set being electrically similar; electrode supports 
insulated from the housing and extending longi 
tudinally thereof and supporting all the members 
of One set of transverse non-discharging elec 
trodes in an assembly that is removable as a 
unit from the housing by movement parallel to 
the planes of the electrodes; and means for ap 
plying potential difference between sets of non 
discharging electrodes to establish a plurality of 
precipitating fields of which certain fields are in 
One direction and others of Said fields are in the 
opposite direction, the fields in said opposite di 
rection being interposed between fields in said one 
direction. 

2. In an electrical precipitation apparatus 
through which flows a stream of gas containing 
Suspended particles to be removed, the combina 
tion of a pair of electrodes of which one is a 
discharge electrode; means for applying a high 
potential difference between Said electrodes to 
establish a charging field; and at least sixteen . 
non-discharging collecting electrodes disposed 
beyond said first pair of electrodes in the direc 
tion of stream flow, each of Said non-discharging 
electrodes being fluid-pervious and extending 
transversely to the direction of stream flow; and 
means for applying a potential difference between 
successive ones of the non-discharging electrodes 
to establish a plurality of successive precipitating 
fields that in direction alternately coincide with 
and oppose the gas flow through the non-dis 
charging electrodes, . . " . 

3. In an electrical precipitation apparatus 
through which flows a stream of gas containing 
suspended particles to be removed, the com 
bination of a pair of electrodes of which one is a 

65 
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discharge electrode; means for applying a high 
potential difference between said electrodes to 
establish a charging field; and at least sixteen 
fluid-pervious, Substantially non-discharging col 
lecting electrodes disposed transversely of the 
stream flow at points beyond the first mentioned 
pair of electrodes in the direction of stream flow, 
said non-discharging electrodes being arranged in 
pairs with the spacing between pairs substantially 
equal to the spacing between the members of a 
pair; and means for maintaining the electrodes of 
each pair at opposite polarity, with a high 
potential difference between them to establish a 
series of substantially non-discharging precipitat 
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ing fields of which the fields between pairs are 
opposite in direction to the fields between the 
members of a pair. 

4. In an electric precipitation apparatus 
through which flows a stream of gas containing 
suspended particles to be removed, the combina 
tion of a housing confining the gas stream; a 
plurality of discharge electrodes arranged in a 
plane transverse of said gas stream; a plurality 
of non-discharging electrodes arranged in said 
transverse plane opposing and spaced from said 
discharge electrodes; means for maintaining a 
charging field between said discharge and non 
discharging electrodes; a plurality of fluid pervi 
ous, Substantially non-discharging collecting elec 
trodes extending transversely of the gas streamin 
parallel planes and each filling substantially the 
entire cross-section of the housing except for 
electrical clearance, the transverse electrodes be 
ing arranged in series spaced from each other in 
the direction of gas flow; a pair of electrode sup 
ports insulated from the housing extending in the 
direction of gas flow and supporting the dis 
charge electrodes and alternate ones of the fluid. 
pervious transverse electrodes in a rigid assembly 25 
that is removable as a unit from the housing 
by transverse movement parallel to the planes of 
the electrodes; and means for maintaining a 
Series of Substantially non-discharging precipitat 
ing fields between Successive pairs of transverse 
fluid pervious electrodes. 

5. In an electric precipitation apparatus 
through which flows a stream of gas containing 
suspended particles to be removed, the come 
bination of an electrically grounded housing of 35 
generally rectangular cross-section confining the 
gas stream; a plurality of discharge electrodes ar 
ranged in a plane transverse of said gas stream; 
a plurality of non-discharging electrodes arranged 
in said transverse plane opposing and spaced from 
said discharge electrodes; means grounding said 
non-discharging electrodes through the housing; 
means for maintaining a charging field between 
Said discharge and non-discharging electrodes; a 
plurality of fluid-pervious, substantially non-dis 
charging collecting electrodes extending trans 
versely of the gas stream in parallel planes and 
each filling Substantially the entire cross-section 
of the housing except for electrical clearance, the 
transverse electrodes being arranged in series 
spaced from each other in the direction of gas 
flow; a pair of electrode supports insulated from 
the housing extending in the direction of gas 
flow and Supporting the discharge electrodes and 
alternate ones of the fluid pervious transverse 
electrodes in a rigid assembly that is removable 
as a unit from the housing by transverse move 
ment parallel to the planes of the electrodes; 
means grounding the remaining transverse elec 
trodes through the housing; and means for main 
taining a series of Substantially non-discharging 
precipitating fields between successive pairs of 
transverse fluid pervious electrodes. 

6. In an electric precipitation apparatus 
through which flows a stream of gas containing 
suspended particles to be removed, the combina 
tion of a housing having an opening in its under 
side and confining the gas stream; a pair of elec 
trodes of which one is a discharge electrode; 
means for maintaining a charging field between 
said pair of electrodes; a plurality of fluid-per 
vious, substantially non-discharging collecting 
electrodes extending transversely of the gas 
stream in parallel planes and each filling sub 
stantially the entire cross-section of the housing 75 
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except for electrical clearance, the transverse 
electrodes being arranged in series spaced from 
each other in the direction of gas flow; electrode 

O 
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supports insulating from the housing alternate 
Ones of the fluid pervious transverse electrodes; 
mounting means for the remaining transverse 
electrodes electrically connecting said remaining 
electrodes to the housing; a precipitated dust col 
lecting receptacle under the housing and closing 
the opening therein; a plurality of vertical baf 
fles in the collecting receptacle, each of said baf 
fles being vertically aligned with one of said re 
maining transverse electrodes and sufficiently 
closely spaced therefrom substantially to pre 
vent gas flow around the transverse electrodes 
and through the receptacle; and means for main 
taining a series of Substantially non-discharging 
precipitating fields between pairs of transverse 
fluid-pervious electrodes. 

7. In an electrical precipitation apparatus 
through which flows a stream of gas containing 
suspended particles to be removed, the combina 
tion of a housing confining the gas stream; a pair 
of electrodes of which one is a discharge elec 
trode; means for applying a high potential dif 
ference between said electrodes to establish a 
charging field; and a plurality of fluid-pervious, 
substantially non-discharging collecting elec 
trodes disposed transversely of the stream flow at 
points beyond the first mentioned electrodes in 
the direction of stream flow, alternate ones of 
said transverse electrodes being spaced around 
their peripheries from the housing by at least the 
required electrical clearance, the others of the 
transverse electrodes being of sufficient size to 
engage the housing walls and each having mar 
ginal imperforate portions of sufficient width 
that the fluid-pervious portions of all transverse 
electrodes are of approximately the same size and 

40 aligned in the direction of gas flow; and means 
for applying a high potential difference between 

9 
successive transverse electrodes to establish a plu 
rality of precipitating fields. 

8. The method of precipitating suspended par 
ticles from a gas stream that includes the steps of 
subjecting the gas stream containing suspended 
particles to the action of an electric field pro 
ducing corona discharge in order to electrically 
charge the particles; and then subjecting the gas 
stream containing charged suspended particles to 
the action of a series of substantially non-dis 
charging precipitating fields maintained suc 
Cessively in Opposite directions that successively 
exert forces On the charged particles in directions 
substantially coincident with and opposed to the 
direction of gas flow in order to precipitate the 
particles. 

9. The method of precipitating suspended par 
ticles from a gas stream that includes the steps of 
maintaining an electric field producing corona, 
discharge; Subjecting the gas stream containing 
Suspended particles to the action of said electric 
field to electrically charge the particles; main 
taining a series of substantially non-discharging 
precipitating fields in successively opposite direc 
tions between a series of electrodes of which suc 
cessive ones are of Opposite polarity; subjecting 
the gas stream containing charged suspended 
particles to the action of the series of fields that 
exert forces on the charged particles in directions 
successively substantially coincident with and op 
posed to the direction of gas flow to precipitate 
the particles; and Subjecting precipitated par 
ticles that are dislodged from an electrode and 
resuspended in the gas stream to the action of at 
least a portion of said series of non-discharging 
fields to reprecipitate the resuspended particles 
on an electrode of a polarity opposite to that of 
the electrode from which the particles were dis 
lodged. 
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