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ELECTROSTATIC PRECIPITATOR 
BACKGROUND OF THE INVENTION 

This invention relates to generally electrostatic pre 
cipitators and more particularly to the design of the gas 
flow passage through an electrostatic precipitator. . . . 

ing particles from a moving stream of gas. The particles. 
are charged by passing near a charged discharge elec 
trode, and then are exposed to a similarly charged col 
lection electrode, to which they are attracted and ad 
here, thus removing them from the gas stream. At peri 
odic intervuls the particles are removed from the col 
lection clectrodeshy mechanical or electrical means, 
A number of factors govern the efficiency of an elec 

trostatic precipitator. Chief among them are: aspect ru 
tio, gas velocity, migration velocity, retention time, and 
resistivity. 
The aspect ratio of the gas passage is the distance 
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Finally, there are the practical considerations of 
manufacturing cost, space for installation, and power 

s 

required for operation. - 
It can readily be seen that the above factors are 

largely interrelated with one another, so that a change 
in one affects all. This has caused difficulty in designing Electrostatic precipitators are widely used for remov versatile precipitators, and the prior art designs quite 
often sacrificed certain of the factors in favor of others, 
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from the point of measurement to the outlet (length) 20 
divided by the height at the point of measurement. The 
aspect ratio reflects the probability of removing the 
particles. The greater the aspect ratio at a particular 
point, the better the chances of the particles being col 

with resulting inefficiency and/or inability to compen 
sate for changes in the factors. For example, perhaps 
the least expensive gas passage design is constant 
height and width. This provides a poor aspect ratio, but 
if it can be made of sufficient length, or provided with 
good electrostatic characteristics, the poor aspect ratio 
can be countered. Often, however, this cannot be ac 
complished, and the result is an inefficient device. 
Many precipitators are custom designed to meet spe 

cific performance and/or space requirements. These 
are expensive and cannot usually be altered for use in 
other situations. Furthermore, many of these precipita 
tors cannot accommodate changes in one of the gov 

lected between that point and the outlet. This would 25 
suggest that the best design is a very long, low precipi 
tator, but practical considerations limit the length and 
configuration in most cases, Prior art precipitators have 
gencrally been of constant height, and therefore have 
a diminishing aspect ratio, which means that the farther 
a particle proceeds into the precipitator, the greater its 
chances of not being collected. 
The velocity of the gas moving through the precipita 

tor is, of course, quite important. An abnormally high 
vclocity will decrease the number of particles that are 

... collected because they will move too swiftly to be prope 
crly charged and collected. High gus velocity will in 
crease the chances of re-entraining particles that have 
once adhercd to the collection electrodes. Too low a 
velocity will mean that comparatively little gus can be 
treated in a given time, although the efficiency of the 
precipitator may be high. 
An additional velocity component is imparted to the 

gas stream hy the action of the charged particles mov 
ing toward the collection electrodes. Called the particle 
migration velocity. this is a function of a number of fac 
tors, including the strength of the electrostatic field, the 
number and spacing of the collection electrodes, the 
resistivity of the individual purticles, and the composi 
tion of the gas. A charged particle must possess in mi 
gration velocity sufficiently high as to insure that it 
reaches it collection electrode. 
The particle retention time is also a function of a 

number of factors, principally the length of the precipi 
tator and the gas velocity. The longer a purticle is re 
tained in the precipitator, the hetter the chances of col 
lecting it. Again, practical considerations govern this 
factor. A long particle retention time will tend to coun 
terhalance an undesirable itsnect ratic). 
Also, there are the electrostatic characteristics of the 

system, known as the resistivity of the particles. The 
chief consideration here is the ability of the individual 
particles to accept an electrostatic charge. Governing 
factors are the magnitude of the charges applied to the 
electrodes and the electrostatic characteristics of the 
particles. Generally, the greater the charge applied to 
the articles, the greater the chances of collection. 
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erning factors, such as gas velocity, and in the face of 
such they lose their efficiency. 

SUMMARY OF THE INVENTION 
The primary object of this invention is to provide an 

electrostatic precipitator that eliminates the deficien 
cies found in prior art devices, 
A further object of this invention is to provide an 

electrostatic precipitator that is more efficient than 
prior art devices, 
Another object of this invention is to provide an elec 

trostatic precipitator that is more versatile than the 
prior art devices. - 

in this invention, the aspect ratio is kept constant 
throughout the length of the precipitator. This means 
that the height of the precipitator lessens from inlet to 
outlet. Thus, the chances of a particle being captured 
remain constant, und the efficiency of the precipitator 
is greatly enhanced. 

it has also been found to be advantageous to combine 
with the above feature a constant cross-sectional area. 
Thereby, the gas velocity will remain constant from 
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inlet to outlet and the design of the flow characteristics, 
electrical power requirements, and the like are greatly 
simplified. By this design, it has been found that the 
basic efficiency is maximized. Thereafter, the other 
factors named above can be considered much more ob 
jectively, 

BRIEF DESCRIPTION OF THE DRAWINGS 
FO. A is a horizontal sectional view of a precipita 

tor constructed in accordance with the teachings of this 
invention 
F.G. 1B is a vertical sectional view of the precipitator 

shown in FIG, A, taken along line B-B; 
FG, 2 is a perspective view of the precipitator hous 

ing with electrodes omitted; 
FIG. 3 is a vertical longitudinal sectional view of a 

prior art precipitator and 
FIG, 4 is a gruph of the spect ratios for the prior art 

device of FG, 3 and the inventive device of FIGS. A. 
1B and 2. 

DESCRIPTION OF A PREFERRED EMBODMENT 
A precipitator constructed in accordance with the 

teachings of this invention is shown in FIGS 1A, 1B 
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and 2. It comprises a pair of sides 12 and 14, a bottom 
16, and a top 18. These elements define a gas flow pas 
sage having an inlet opening 20 and an outlet opening 
22. 
Each of the sides 12 and 14 includes a main portion 

26 substantially of right triangular shape extending be 
tween stations 1 and 4 in which the hypotenuse 28 con 
verges from the inlet toward the outlet. A secondary 
side portion 30 is attached thereto positioned at what 
would otherwise be the apex of the triangle, extending 
between station 4 and 5. 
There is an important relationship between the slope 

of thc hypotenuse 28 of cach of sides 12 and 14 and the 
hase 32 of the triangle, as shown in FIG. B. As ex 
plained above, the aspect ratio is the ratio, at any given 
point along thc length of the gas flow passage, of the 

4. 
of the three sub-passages 52, 54 and 56 remains the 
same for the entire length of each, as does the cross 
sectional area of each. Subpassages 52, 54 and 56 
widen toward outlet 22, and it may be advantageous to 
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further divide them by additional collection plates 60, 
62 and 64, which extend over only a portion of the 
length of each passage 52, 54 and 56. These additional 
sub-passages 66,68, 70, 72, 74 and 76 also have con 
stant aspect ratios and constant cross-sectional areas. 
As shown, the collection electrodes and the various 
sub-passages extend through to station 5, and thereby 
the aspect ratio is not constant between stations 4 and 
S. However, these elements need not extend into that 
section of the precipitator, 
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length from that point to the outlet to the height at that 
point. 

in a length - 
Aspect Ratio as eight 

Presuming in inlet height of 24 inches, and a gas pas 
sagc length of 32 inchcs, the aspect ratio at station l is 
1.33. At station 2, wherc the hcight is 18 inches and the 
length to the outlet 24 inches, the aspect ratio is 1.33. 
The aspect ratio is 1.33 at station 3, where the height 
is 2 inches and the remaining length is 6 inches. At 
station 4, the height is 6 inches and the remaining 
length is 8 inchcs. Again, the aspect ratio is .33. Thc 
aspect ratio in the secondary section of the precipita 
tor, between stations 4 and 5 docs not remain con 
stant. Thc secondary section is provided so that attach 
ment to gas cxhaust ductwork less than 6 inches in 
height can bc made. However, it should be understood 
that the outlet of the precipitator could be at station 4. 
FIG. 3 is a vertical longitudinal sectional vicw of typi 

cal prior art precipitator. Top 40 and bottom 42 are 
cquidistant throughout the cntire length of the device. 
Therefore, the aspect ratio will decrease markedly 
from inlet to outlet. The height is 24 inches, and the 
length is 32 inches, just as illustrated with regard to the 
inventive device. The aspect ratio at station 1 is .33. 
At station 2, thc aspcct ratio drops to 1.03 at station 
to 0.66, and at station 4 to 0.33. The comparison be 
tween the prior art devices, and the inventive device, 
is shown graphically in F.G. . . 
The configuration of top 18 and bottom 16 are shown 

in FIGS. 1A and 2. The top and bottom diverge from 
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inlet to outlet. Thc divergence of the top 18 and bottom 
16, and the convergence of the sides 2 and lure s() 
related as to establish a constant cross-sectional area 
throughout the length of the precipitator, in the exam 
ple shown, the inlet area is 20 square inches, and this 
remains constant evcn in the secondary section he 
twecn stations 4 and 5. 
A plurality of collection clectrodes in the form of ver 

tical plates 50 define three gas sub-passages 525 ind 
56 (FIG. A.). The collection electrodex extend the en 
tire height of the nrccipitator. and are electrically 
charged by means not shown) so that they collect the 
charged particles, Periodically, the particles are re. 
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Thc electrostatic charge is imparted to the particles 
by a plurality of discharge electrodes in the form of 
wires 80. These extend down the center of the various 
passages, The number and placement of discharge elec 
trodes and collection electrodes depends on a number 
of factors, but the general idea is to maximize the expo 
sure of the particles. 
Many variations and modifications of the embodi 

ment illustrated are possible, and are within the con 
templated realm of this invention. For example, the di 
mensional relationship may be varied from those illus 
trated. The supplementary section between stations 4 
and S can be omitted. Also, the precipitator could be 
operated in reverse flow, upon which the aspect ratio 
would not be constant, hut would sharply decrease. 
providing special effects. 
The invention is defined by the scope of the ap 

pended claims. 
claim: 

1. A gas flow passage for an electrostatic precipitator 
comprising 
a bottom panci, 
a top puncil. 
a pair of opposed side panels joined to said top panel 
and said hottom panel to define a gas flow passage 
having an inlet and an outlet, the height of each of 
said side panels diminishing from said inlet to said 
outlet at such a rate as to maintain constant the as 
pect ratio, which is defined as the ratio between the 
distance from a point of measurement to the outlet 
along the length of the precipitator, and the height 
at said point. 

2. The apparatus of claim 1 wherein the width of said 
gasflow passage increases from said inlet to said outlet. 
3. The apparatus of claim 2 wherein the cross 

cctionul arca of said gas passage remains constant 
from said inlet to suid outlet. 

4, The apparatus of claim further comprising a sec 
ondary gas passage attached to said gas passage at the 
outlet thereof, the cross-sectional trea of said secon 
dary gas passage thcing equal to the cross-sectional area 
of said gas passage and constant throughout the length 
of said secondary gas passage. 

S. The apparatus of claim further comprising means 
dividing suid gas passage into a plurality of sub 
passages for at least a portion of the length thereof, 

2 euch fixaid sub-passages having a constant aspect ratio 

moved from collection electrodes 50 by conventional : 
methods, such as by interrupting (r reversing the 
charging current, or hystriking the collection electricle 
to shake the particles frce. The pitrticles then drop to 
collection hoppers, not shown. The aspect ratic in each 

throughout the length thereof, 
6. The apparatus of claim 5 whercin said gas passage 

has a constant cross-Nectional area between said inlet 
and said outlet, wherein each of said sub-passages has 
a constant cross-sectional area throughout the entire 
length thcreof. 
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7. An electrostatic precipitator comprising: 
a gas passage defined by a top panel, a bottom panel, 
and a pair of opposed side panels attached to said 
top panel and said bottom panel and having an inlet 
and an outlet, said top panel and said bottom panel 
converging from said inlet to said outlet such that 
the aspect ratio remains constant from said inlct to 
said outlet, 

S 

discharge electrode means positioned in said gas pas 
sage, and - 

collection electrode means positioned in said gas pas 
Sage. 

8. The electrostatic precipitator of claim 7 wherein 
said side panels diverge from said inlet to said outlet, 
und wherein said collection electrode means comprises 
at least one collection electrode punel extending from 
said top panel to said hottom panel along at least u por 

20 

O 

S 

35 

40 

6 
tion of the length of said gas passage and dividing said 
gas passage into a plurality of sub-passages, each of said 
sub-passages having a constant aspect ratio for the en 
tire length thereof. 

9. The electrostatic precipitator of claim 8 wherein 
said side panels diverge from said inlet to said outlet, 
and wherein the cross-sectional area of said gas passage 
is constant from said inlet to said outlet. 

10. The electrostatic precipitator of claim 9 wherein 
said collection electrode means comprises at least one 
collection electrode panel extending from said top 
panel to said bottom panel along at least a portion of 
the length of said gas passage and dividing said gas pas 
sage into a plurality of sub-passages, each of said sub 
passages having a constant aspect ratio for the entire 
length thereof, 
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