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The invention described herein may be manufactured 
and used by or for the Government of the United States 
of America for governmental purposes without the pay 
ment of any royalties thereon or therefor. 

This invention relates in general to devices for remov 
ing small particles in a gas by electrostatic precipitation 
and in particular to an improved particle charging means. 

In recent years the gas contamination problem has be 
come increasingly more acute and various schemes for 
removing foreign particles from the gas have been de 
vised. In the various attempts to alleviate this problem, 
it has been found that larger particles, above 10 microns 
in diameter, may be readily removed from a gas by, for 
example, centrifugal devices, simple mechanical ?lters, 
washing devices, etc. On the other hand, it has been 
found that smaller particles, particularly those of only a 
fraction of a micron in diameter, seem to defy almost all 
cleaning means with the exception of electrostatic pre 
cipitation. . 

Electrostatic precipitation involves the charging of the 
minute particles in the gas and the subsequent collection 
of these charged particles under the in?uence of an elec 
tric ?eld. In one type of precipitator, the parallel plate, 
the charging and collecting of particles is done in two 
separate stages. In another type, the Cottrell, the charg 
ing of the particles and the collection of the particles are 
effectively combined in one stage. The Cottrell type 
precipitator is generally recognized as the superior of 
the two due to its better e?iciency and thus greater econ 
omy of operation plus its simplicity of design. How 
ever, since electrostatic precipitators generally have a 
maximum efficiency of approximately 75%, heretofore 
few have been considered as highly ei?cient gas ?ltra 
tion means. It is believed the ine?iciency in electrostatic 
precipitators is primarily due to an incomplete charging 
of the particles in the gas before collection. 

It is an object of this invention to provide an improved 
electrostatic precipitator in which substantially all foreign 
particles in a ?owing gas may be charged. 

It is a further object of this invention to provide an 
improved electrostatic precipitator which includes a ? 
brous means for charging foreign particles. 

It is another object of this invention to provide a 
means for charging foreign particles in an electrostatic 
precipitator which does not reduce the voltage‘ break 
down characteristic of the precipitator. 

Other objects will become apparent upon a complete 
understanding of'the invention for which reference is 
had to the accompanying drawings and description of the 
invention. 

In the drawings: . 
- Fig. 1 is a pictorial showing of one embodiment of the 

invention in a Cottrell type precipitator. 
Fig. 2 is a pictorial showing of the charging disc in 

the embodiment in Fig. 1. 
Fig. 3 is a pictorial showing of an alternative charging 

, disc in the embodiment of Fig. 1. 
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Fig. 4 is a graph showing the relative e?iciency of a 

typical Cottrell precipitator as compared with the im 
proved precipitator of this invention. 

Brie?y, this invention provides a more e?icient charg 
ing of the minute particles in an electrostatic precipitator. 
In particular, a ?brous material which is su?iciently 
porous to permit the passage therethrough of the majority 
of particles to be collected has been transversely disposed 
within the precipitator. In one embodiment of the in 
vention, by applying a voltage to charge this ?brous ma 
terial, high ?eld intensities around outlying ?bers are 
developed and an auxiliary charging ?eld is distributed 
over the entire cross-section of the precipitator. In 
other embodiments of the invention, no voltage is applied 
to the ?brous material and, in one instance, the tribe elec 
tric or frictional effect of the particles brushing against 
the ?bers in- passing therethrough charge the particles 
to be collected. In another instance where no voltage is 
applied to the ?brous material, charged particles transfer 
a portion of their charge to the ?brous material which 
charge is in turn picked up by lesser charged particles 
passing through the ?brous material. It has been found 
that the device of this invention affords a highly satisfac 
tory electrostatic gas ?ltration means suitable for use 
in almost any contaminated gas application. 
More particularly, Figure 1 exemplarily shows a typical 

Cottrell type precipitator comprising an outer shell con 
ductor l0 and a corona wire 11 which is extended there 
in. The corona wire 11 is electrically connected to a 
source of high voltage 12 and is centrically supported 
within the outer shell 10 by ?ange pieces, indicated at 
13, such that a relatively high potential, 25 kv. for ex 
ample, may be applied between the corona wire and the 
outside wall of the precipitator. A source of contami 
nated gas 14 is disposed at the input end of the precipi 
tator and an exhaust blower 15 is connected to the out 
put end to draw the contaminated gas from source 14 
through the precipitator. For purposes of evaluating the 
eifectiveness of the precipitator, a sampling chamber 16 
to which suitable density measuring means 17 is attached, 
has been inserted in the gas ?ow path between the pre 

It is understood 
that said sampling chamber 16 and its accompanying 
density measuring means 17 are both non-essential to 
the invention. 

It should be noted at this point, that in the Cottrell 
type precipitator, the outer shell acts as the charged 
particle collector. In a common installation, means, not 
shown in the drawing, may be provided for periodically 
removing masses of particles adhering to the shell. For 
example, means for mechanically vibrating the shell and 
a sieve for collecting the disadhered masses of particles 
may be provided. 

In accordance with the basic teaching of this inven 
tion Fig. 1 shows ?brous material transversely disposed 
within the precipitator. In the especial embodiment of 
Fig. l the ?brous material which has substantially the 
disc con?guration shown in Figure 2, is in direct contact 
with both the outer shell 10 and the corona wire 11 which 
runs through its center. Thus it may be seen that the 
voltage applied to the corona wire also acts as a charging 
means for the ?brous material in this embodiment. 

In view of its simplicity, in the Cottrell type precipita 
tor, the above described means for charging the ?brous 
material is preferred. However, it is to be understood 
that, where it is desirable to charge the ?brous material, 
other means of charging may be used in this invention. 
For example, as shown in Figure 3, the ?brous material 
may be sandwiched between two metal grids which are 
indicated at 19, and an external source of voltage, not 
shown, may be applied across these two grids to charge 



'more speci?cally the spacing between the ?bers. 
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the material. In the embodiment of Figure 3, which is 
especially adaptable to the Cottrell type 'precipitator 
shown in Figure l, the metal grids and the ?brous disc 
are cored to avoid contact with the corona wire 11 ‘and 
the entire disc assembly is separated ‘from the {"outer 
shell 10 to avoid contact therewith by insulating ring '20. 
The prime purpose of the generally, describedf?'brous 

material is to more fully charge the 'forei'gn__’particles in 
the gas, andv in the above described embodiment of_ this 
invention it Willgbe seen thata varietyf‘o‘f ‘electrically 
chargeable ?brous materials, such "as those under the 
trade-names “Fiberglas,” “Glass Wool,” “Curleywool‘” 
etc., may be used. The principal criteria for ‘selecting 
a particular ?brous material is the size of the ?ber, 

It will 
be seen that to develop a high voltage ?eld between 
?bers for charging 'the‘part'icles in the gas the spacing 
must be as small as possible. ‘However, since it is in 
tended ‘that the majority of the-particles to be electro 
statically collected pass throughthe ?brous materiaLit 
is essential that the spacing between ?bers be at least 
equivalent to the size of the particle to be collected. 
Another important criteria for the selection of the ?brous 
material is the pressure drop across the material which 
is caused by its physical impedance, or as it is corn~ 
monly known, its air resistance. In high velocity appli 
cations, \a third criteria, the mechanical strength of the 
material, must also be considered. It follows that the 
material selected and ‘the porosity will necessarily vary 
in accordance with the, particular application. I 
vIt is also within the purview ‘of this invention to ‘em 

ploy ?brous discs, such as shown, in Fig. 3, in substan 
tially the same arrangement shown in Fig. 1, but with 
out any voltage applied to the ?brous material. In this 
alternative embodiment, the ?brous disc nearest the input 
of ‘the vprecipitator charges the particles by the tribo 
electric or frictional effect of the particles brushing 
against the ?bers in passing therethrough. The ‘tribo 
electric phenomenon being peculiar to a variety of com~ 
position combinations, the ?brous material utilized in this 
disc is selected in'accordance with the composition char 
acteristics of the particles to be collected, for‘ example, 
silken’?bers in'the case of ?nite glass-like particles,amight 
be employed. ' For continuous operation of thisv‘embodi 
ment, it is'advisable'to dissipate the charge (of opposing 
polarity to that developed ‘on the particle) ‘which will 
otherwise build up on the ?brous material. This‘dissipa 
tion may be provided by the simple expediency of ground 
ing the metal'grids 19 in Fig. 3, for example.v , 
The centermost ?brous disc in‘this alternative embodi 

ment is disposed sui’?cientlywithin the precipitator to 
intercur particles which have been previously charged by 
the ordinary charging action of the precipitator and/or 
by the other ?brous disc. "Such, chargediparticles transfer 
a portion of their charge to this centermost ?brous ma 
terial, which, of course,'must be chargeable, in passing 
therethrough and this ?brous material’effectively dis 
tributes this charge over ‘the‘entire cross-sectional area 
of the precipitator. It will be seen that ‘partially charged 
particles will pick ‘up an additional ‘charge in passing 
through the centerrnost ?brous material'and ‘will vthen 
be collectable in the normal manner. 7 _ _ V g 

It will be'seen that in‘ the speci?c Cotitr‘ell embodiments 
depicted, the ?brous material 18‘ may ‘be v'operativl'ely dis 
posed at a variety of points Within the prec'ipitator._ In 
one application the ?brous ~materialinay be preferably 
concentrated at the input end of the precipitator‘to a?ord 
the greatest opportunity for the charged particles;v to 
be electrostatically collected ‘after passing 'therethrough. 
In a more re?ned application, however, it 'may be de 
sirable that the ?owing gas encounter ‘several‘?brous 
discs disposed at intervals within the precipitator'rather 
than a single ?brous disc of the equivalent thickness. 
,For a particular example, it has‘b'eenfou‘nd‘ that'by 
dividing a disc into two discs so as‘to have ~the ‘equivalent 
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4 
thickness, and placing one near the input end and the 
‘other at the middle of the precipitator, as "shown in Fig. 
1, not only is the precipitator e?iciency superior to that 
achieved with the single disc at the input but the pressure 
drop becomes a less critical factor in the system as well. 

Figure 4 is a comparative graphical showing of the 
measured ef?ciency of anelectrostatic precipitator having 
electrically v'cl'iargeable ' ?brous material concentrated near 
the ‘input, The graph plots'the smoke density observed 
at variously spaced density check points in the cross 
‘sectional area of the precipitator by the density measuring 
means 1'7 in terms of ‘precipitation e?iciency for a typical 
Cottrell type precipitator, in this instance a 6" diameter 
precipitator having a 971/2 inch 12 mil corona wire. For 
comparison purposes the precipitator was operated ?rst, 
normally without the ?brous ‘material, as ‘indicated at 
(a), then second, with 1A" thick Fiberglas material but 
no high voltage applied to the corona wire to determine 
the mechanical ?ltration effected, as indicated at (b), 
an’d'third, with high voltage applied to both the corona 
wire vand the ?brous material, 'as indicated at (c). An~ 
other curve indicated at (d) ‘shows the ef?cie'ncy of the 
precipitator using both the ?brous material and the high 
voltagecorona wire, as ca‘lc'ula'ted’fr‘om the curves (0) 
and (b). Considering the'curves (c) and (d), it will 
be ‘seen that the actual ef?ciency of applicants’ device 
is' considerably ‘better than the theoretical e?iciency of 
the combined‘ means. 

While vin the'illustrated embodiment several discs of 

'within the purview of this invention to use a greater or 
‘a lesser number of'?brous'discs provided,‘ of course, 
‘that there'is a 'su?icient region for ‘the electrostatic col 
lection of charged particles ‘following the last ?brous 
E‘disc. 

"Whereas the device exemplarily' described herein is 
vexpressly provided to ‘supplement the charging action of 
a Cottrell type electrostatic precipitator, it is understood 
that‘ his within the purview ‘of this disclosure to incor 
porate'thedevice in other types of electrostatic precipita 
tors'for the expressed purpose and that’ the invention is 
only‘ to be limited by the scope of the claims appended 

’ hereto. 

What is claimed is: 
1._ An improved electrostatic ‘precipitator comprising 

:means ‘for ‘developing an electrostatic ?eld for negatively 
‘charging discrete particles 'in a gas ?ow, means for di 
irecti'ng'a gas ?ow ‘containing discrete particles through 
"said electrostatic ?eld, means for con?ning the path of 
said’ gas flow through said electrostatic ?eld, at least one 
chargeable ?brous means 'of negative polarity trans 
versely disposed Within said precipitator and in the path 
of saidv gas‘?ow‘for supplementing the charging action 
of said electrostatic ?eld, said ?brous means being suf 
?ciently porous to permit passage of said discrete parti 
cles, said gas ?ow con?ning means forming means for 
collecting charged particles 'in'a region along the inner 
surface thereof and parallel with the direction of the 
gas ?ow and along the path thereof within the area of 
said electrostatic ?eld, said means for collecting charged 
‘particles being operable vto collect particles charged by 
“said electrostatic ?eld and to collect particles charged by 
‘said ?brous charging means, said collecting means hav 
ing a polarity opposite ‘to that of said chargeable ?brous 
"means. 

2(An improved. electrostatic precipitator comprising 
~means for developing an'e'lectrostatic'?eld for negatively 
charging discrete particles in a gas ?ow, means for di 
recting a gas ?ow containing discrete particles through 
vsaid electrostatic ?eld, means for j'con?ning the path of 
said gas flow through said electrostatic ?eld, ?rst and 
‘second chargeable‘?brous means ‘of ‘negative polarity 
transversely disposed within saidtprecipitator and in'the 
path‘of 'i‘s'a'id" gas ?ow‘ for'is'u'pplementingithe charging 
action of said electrostatic ‘?eld, said'?brous ‘means be 
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ing su?iciently porous to permit passage of said discrete 
particles, said gas flow con?ning means forming means 
for collecting charged particles in a region along the in 
ner surface thereof and parallel with the direction of the 
gas ?ow and along the path thereof within the area of 
said electrostatic ?eld, said means for collecting charged 
particles being operable to collect particles charged by 
said electrostatic ?eld and to collect particles charged 
by each of said ?brous charging means, said collecting 
means having :a polarity opposite to that of said charge 
able ?brous means. 

3. An improved electrostatic precipitator comprising 
an outer shell conductor having an inlet and an outlet, 
an electrode of negative polarity extending axially 
through said outer shell conductor and a voltage source 
electrically connected thereto, means for directing a flow 
of gas containing discrete particles of determined 
average size through said precipitator, a ?rst charging 
means positioned within said outer shell conductor for 
charging particles in said gas ?ow the same charge 
as said axially extending electrode, a second charging 
means of ?brous material having the same polarity as 
said ?rst charging means disposed within said precipi 
tator in the path of said ?owing gas for supplementing 
the charging action of said ?rst charging means, said 
second charging means being su?iciently porous to per 
mit the passage of said discrete particles therethrough, 
said outer shell forming means for collecting charged 
particles along the inner surface thereof parallel with 
the path of the gas ?ow, said means for collecting 
charged particles being operable to collect particles 
charged by said ?rst charging means and to collect parti 
cles charged by said second charging means, said charged 
particle collecting means having a polarity opposite to 
that of said ?rst :and second charging means and said 
electrode. 

4. An improved electrostatic precipitator comprising 
a hollow column electrode having an inlet and an outlet, 
a wire electrode of negative polarity centrically disposed 
along the axis of said hollow column, means for direct 
ing a ?ow of gas containing discrete chargeable particles 
through said precipitator, a voltage source, means for 
applying said voltage source to said wire electrode and 
to said column electrode to develop an electrostatic ?eld 
therebetween for charging particles in said gas ?ow, a ?rst 
chargeable ?brous means of negative polarity trans 
versely disposed within said hollow electrode in the path 
of said gas flow near the input end thereof for supple 
menting the charging :action on said particles by said 
electrostatic ?eld, a second chargeable ?brous means 
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6 
having the same polarity as said ?rst chargeable means‘ 
transversely disposed within said hollow electrode in the 
path of said gas flow at a greater distance from said inlet 
than said ?rst chargeable means to permit subsequent 
charging of particles in said gas flow, said ?rst and-sec 
ond ?brous charging means being suf?ciently porous to 
permit the passage of said discrete particles therethrough, 
said hollow column electrode forming means for collect 
ing charged particles along the inner surface thereof 
parallel with the path of the gas ?ow, said means for 
collecting charged particles being operable to collect 
particles charged by said ?rst charging ?brous means and 
to collect particles charged by said second charging 
?brous means, said charged particle collecting means 
having a polarity opposite to that of said ?rst and sec 
ond charging means and said wire electrode. 

5. An improved electrostatic precipitator comprising a 
hollow column electrode having an inlet and an outlet, a 
wire electrode of negative polarity centrically disposed 
along the axis of said hollow column, means for directing 
a ?ow of gas containing discrete chargeable particles 
through said precipitator, a voltage source, means for ap 
plying said voltage source to said wire electrode and to said 
column electrode to develop an electrostatic ?eld there 
between for charging particles in said gas ?ow, at least 
one chargeable ?brous means of negative polarity trans 
versely disposed within said hollow electrode in the path 
of said gas flow for supplementing the charging action 
on said particles by said electrostatic ?eld, said ?brous 
charging means being sut?ciently porous to permit the 
passage of said discrete particles therethrough, said hol 
low column electrode forming means for collecting 
charged particles along the inner surface thereof parallel 
with the path of the gas ?ow, said means for collecting 
charged particles being operable to collect particles 
charged by said electrostatic ?eld and to collect particles 
charged by said chargeable ?brous charging means, said 
charged particle collecting means having a polarity op 
posite to that of said centrically disposed wire electrode, 
said ?brous charging means and said wire electrode. 
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