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(57) ABSTRACT 

An electrostatic precipitator has a high voltage electrode 
including multiple Wire segments that are positioned Within 
a surrounding electrically conductive porous media having a 
central axis and Wherein the electrode assembly extends 
along the central axis. The electrode assembly has a plurality 
of Wire lengths positioned to extend in a direction along the 
longitudinal axis of the porous media, and the Wire segments 
being arranged to have a substantially longer total length 
than the length of extension along the longitudinal axis. An 
aerosol containing droplets is passed into the interior of the 
porous media, and across the electrode, Which is charged 
With a high voltage. The porous media is at a substantially 
loWer or different voltage from the high voltage electrodes. 
FloW of the aerosol containing particles charged by the 
electrode passes through the porous media to the outlet and 
the charged particles are precipitated by the porous media. 
Electrostatic shields are provided around high voltage insu 
lators to reduce the likelihood of contamination of the 
insulators, Which causes unsatisfactory current leakage. 
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COMPACT HIGH EFFICIENCY ELECTROSTATIC 
PRECIPITATOR FOR DROPLET AEROSOL 

COLLECTION 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to droplet aerosol collection 
by electrostatic precipitation, and methods that improve 
ef?ciency for particle collection. The improvements include 
one or more of the use of multiple, thin Wire discharge 
electrodes; the use of a conductive porous medium as a 
collecting surface; the use of high voltage electrostatic 
shield to prevent particle deposition on the insulator for the 
components; and the use of heated insulator to prevent vapor 
condensation and particle deposition by thermophoresis. 

[0002] Electrostatic precipitation is one of the most Widely 
used methods for removing suspended particulate matter 
from a gas for gas cleaning or air pollution control. In 
comparison With other particulate collecting devices, such as 
cyclones, Wet scrubbers, ?lters, and the like, an electrostatic 
precipitator has the advantage of loW pressure drop, high 
collection ef?ciency and requiring relatively small amounts 
of electrical poWer for its operation. The loW pressure drop 
of the electrostatic precipitator makes the device most 
advantageous With large volumetric ?oW rates of the gas 
?oW needing treatment. Electrostatic precipitation have been 
used extensively for large scale industrial applications, such 
as removing ?y ash from poWer plants, controlling particu 
late emission from smelters, steel and cement making and 
other similar industries, and general purpose air cleaning for 
building ventilation. A typical electrostatic precipitator may 
operate at several hundred cubic feet per minute of How in 
small systems, to several million cubic feet per minute for 
large industrial installations. 

[0003] The ?rst laboratory demonstration of electrostatic 
precipitation Was made by Hohifeld in 1824, according to 
credible sources. The ?rst US. patent on electrostatic pre 
cipitation Was issued to Walker in 1886 as U.S. Pat. No. 
342,548. Numerous other electrostatic precipitator patents 
have been issued over the years. Those considered the most 
signi?cant include US. Pat. No. 895,729 to Cottrell on the 
use of recti?ed alternating current for electrostatic precipi 
tation, and the invention of the liquid ?lm precipitator by 
Bums as shoWn in US. Pat. No. 1,298,088; the ?ne Wire 
electrode and tWo-stage precipitation system of Schmidt, 
US. Pat. No. 1,329,285; the loW-oZone air-cleaning precipi 
tator of Penney US. Pat. No. 2,000,654; and pulse energiZ 
ing of precipitators disclosed in US. Pat. No. 2,509,548 to 
White, among others. 

[0004] The fundamental design of the electrostatic pre 
cipitator has remained relatively unchanged over the years. 
In its simplest form for a single stage precipitator, a high 
voltage electrode is placed in the center of a grounded tube. 
A high DC voltage on the small diameter center electrode 
causes a corona discharge to develop betWeen the electrode 
and the interior surface of the tube. As the gas containing 
suspended particles ?oWs betWeen the electrode and the Wall 
of the tube, the particles are electrically charged by the 
corona ions. The charged particles are then precipitated 
electrostatically by the electric ?eld onto the interior surface 
of the collecting tube. 

[0005] One disadvantage of the electrostatic precipitator is 
its relatively large physical siZe. According to Deutsch 
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Deutsch, Ann. der Physik, Volume 68, p. 335, 1922), the 
basic equation governing the operation of the electrostatic 
precipitator is: 

[0006] The Deutsch equation relates the precipitator col 
lection efficiency, 11, to the collecting area of the precipitator, 
A, the volumetric ?oW rate, Q, through the precipitator, and 
the electrical migration velocity, W, of the particles. e is the 
constant, 2.718, the base of natural logarithms. For a speci?c 
application, the collecting area of the precipitator, A, is 
determined When the required volumetric gas ?oW rate, Q, 
is knoWn. To reduce the overall physical siZe of the precipi 
tator, closely spaced precipitating plates can be used. HoW 
ever, there is a limit on this approach to reducing physical 
siZe. When the resulting physical siZe of the precipitator is 
still too large for the application, an electrostatic precipitator 
is then considered unfeasible. 

[0007] Several applications have developed in recent 
years Where a signi?cant reduction in the overall physical 
siZe of the electrostatic precipitator is needed. One applica 
tion is the removal of the suspended particulate matter from 
the bloWby gas from a Diesel engine. In Diesel engines, the 
high temperature, high pressure combustion gas in the 
engine cylinder has a tendency to leak past the piston rings 
into the crankcase. This is usually referred to as the bloWby 
gas. This bloWby gas contains lubricating oil droplets from 
the lubricating oil ?lms atomiZed by the high velocity 
bloWby gas ?oWing from the high pressure cylinder into the 
crankcase. It also contains Diesel exhaust particulates, 
Which result from the incomplete combustion of the Diesel 
fuel in the engine cylinder. The amount of bloWby gas is 
relatively small for neW engines, but Will increase over time 
as the engines age, and the piston rings no longer provides 
a good seal. This bloWby gas usually has a How rate of feW 
cubic feet per minute to perhaps as high as 20 cfm for 
engines in good operating condition. 

[0008] The Diesel bloWby gas is currently being exhausted 
directly into the atmosphere. In order to protect the envi 
ronment, there is a need to remove suspended oil droplets 
and Diesel exhaust particulates in the bloWby gas so that the 
bloWby gas can be returned to the fresh air intake side of the 
Diesel engine for further combustion. This “bloWby gas 
recirculation system” is practical only When the suspended 
particulate matter is removed to avoid contaminating the 
components and equipment located on the air intake side of 
the Diesel engine. One such component is the turbo charger 
or compressor used to supercharge the Diesel engine to 
increase its poWer output and ef?ciency. 

[0009] For application in the bloWby gas recirculation 
system, the electrostatic precipitator must be compact and 
reliable. It is also desirable that the operating voltage of the 
precipitator be relatively loW so that very a high supply 
voltage is not needed. 

[0010] Another application for an electrostatic precipitator 
that is reduced in siZe from existing precipitators is for 
removing suspended oil and grease particles in the exhaust 
gas from commercial kitchens, including kitchens in fast 
food, as Well as conventional, restaurants. 

[0011] A third application of an electrostatic precipitator 
of reduced siZe is to remove cutting ?uid droplets from the 
machine shop environment. During machining of metal 
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parts, a cutting ?uid is usually directed at the tool and the 
parts being machined to provide cooling as Well as lubrica 
tion. Some of this cutting ?uid is aerosoliZed to form small 
droplets by the higher speed rotary cutting tool. This cutting 
?uid aerosol presents a heath haZard to the Workers and must 
be ?ltered to remove the suspended droplets. Conventional 
?brous ?lters are not suitable for this application, because 
the collected droplets tend to clog the ?lter and produce 
excessive pressure drop in a short time. The inherent advan 
tage of the small compact physical siZe and the inherent 
?ame arresting properties of the precipitator of the present 
invention makes it particularly suited for these applications. 

[0012] It should be noted the term “compact siZe” is used 
here in a relative sense to indicate that the siZe of the 
precipitator designed on the basis of this invention is smaller 
or more compact in comparison With electrostatic precipi 
tators of a conventional design at the same ?oW rate and at 
the same ef?ciency level. By necessity, as a diesel bloWby 
particle collector, the electrostatic precipitator must be suf 
?ciently small to ?t under the hood of a truck poWered by a 
diesel engine. The overall volume of the collector must be no 
more than a feW liters, preferably beloW tWo liters. On the 
other hand, an electrostatic precipitator designed for kitchen 
exhaust applications Will need to be considerably larger 
because of the high ?oW rate of the exhaust gas to be treated. 
Such a collector can also be called compact even though the 
collector is several cubic feet in total volume so long as the 
collector of the conventional design is even larger, perhaps 
by as much as 50 or 100%. 

SUMMARY OF THE INVENTION 

[0013] The present invention is an electrostatic precipita 
tor that has improved operating ef?ciency While being 
smaller in physical siZe than existing devices that handle 
similar ?oW rates. The present device uses multiple electri 
cal Wire discharge electrodes Which permit reducing the 
length of the precipitator. An electrically conductive porous 
medium is preferably used as the collecting surface. A 
further aspect of the invention is an electrostatic shield used 
to reduce or prevent particle deposition on the insulators for 
high voltage components. A further aspect of the invention 
is use of heated electrodes Which prevent vapor condensa 
tion and also prevent particle deposition by thermophoresis. 

[0014] All aspects of the invention cooperate to increase 
ef?ciency and reduce physical siZe for a given ?oW rate. 
These improvements have made it possible to signi?cantly 
reduce the overall physical siZe of the precipitator. The 
small, compact physical siZe has in turn made it practical to 
use electrostatic particle collection for the above applica 
tions Where small physical siZe is important. Treating diesel 
bloWby exhaust to remove suspended oil droplets and par 
ticulate matter permits the bloWby exhaust gas to be dis 
charged to the ambient With minimal amount of particulate 
air pollutant, or to be returned to the air intake side of the 
diesel engine for exhaust gas recirculation. When used to 
remove oil and grease particles contained in the exhaust of 
commercial kitchens the organic particulate matter Will be 
removed. Another application is collecting droplet aerosols 
of cutting-?uid in machine shops Where sprayed liquids 
enter the atmosphere. 

[0015] While the present invention Was primarily devel 
oped for applications such as those described above, the 
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small compact siZe of the neW precipitator makes the device 
suitable for a variety of other applications, even in those 
cases Where small physical dimensions are not a primary 
requirement. 

[0016] For the purpose of this disclosure, Aerosol is 
de?ned as small particles suspended in a gas. The particles 
can be a solid, a liquid, or a mixture of both. The particle siZe 
can range from approximately 0.001 pm to 100 pm, With 
0.01 pm to 20 pm being the siZe range of the greatest 
interest. For the present application, most of the mass of 
aerosol particles to be collected is concentrated in the latter 
siZe range. Droplet aerosol is de?ned as an aerosol in Which 
the suspended particles are primarily in a droplet form and 
having a spherical shape. HoWever, the liquid droplets need 
not be a pure liquid, and may contain suspended solid 
particles Within each droplet. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIG. 1 is a schematic cross sectional vieW of a 
compact electrostatic precipitator made according to the, 
present invention; 

[0018] FIG. 2 is a sectional vieW taken on horiZontal line 
2-2 in FIG. 1; 

[0019] FIG. 3A is a schematic sectional vieW of a modi 
?ed form of the electrode support and high voltage shield 
used With the precipitator of FIG. 1; 

[0020] FIG. 3B is a further modi?ed form of a electrode 
support and high voltage shield used With the precipitator of 
FIG. 1; 

[0021] FIG. 4 is a transverse sectional vieW of a precipi 
tator made according to the present invention but having a 
rectangular con?guration; 

[0022] FIG. 5 is a schematic representation of an ultra 
sonic generator used for introducing aerosols into the elec 
trostatic precipitator in the present invention; 

[0023] FIG. 6 is a cross sectional vieW of a modi?ed 
compact precipitator using a different style of electrode 
assembly from that shoWn in FIG. 1; 

[0024] 
6; 

[0025] FIG. 8 is a sectional vieW of a still further modi?ed 
form of a electrostatic precipitator of the compact electro 
static precipitator of the present invention; 

[0026] 
FIG. 8; 

[0027] FIG. 10 is a schematic block diagram of a bloWby 
gas recirculation system used in a diesel engine; 

[0028] FIG. 10A is a modi?ed recirculation system simi 
lar to that shoWn in FIG. 10; 

[0029] FIG. 11 is a further modi?ed block diagram of a 
bloWby gas recirculation system used in a diesel engine; 

[0030] FIG. 12 is a block diagram similar to FIG. 11 With 
a controlled ?oW restrictor on the outlet of the intercooler; 

[0031] FIG. 13 is a cross sectional vieW of a modi?ed 
support for the electrode Wire; 

FIG. 7 is sectional vieW taken on line 7-7 in FIG. 

FIG. 9 is a sectional vieW taken on the line 9-9 in 
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[0032] FIG. 14 is a vertical sectional vieW of a further 
modi?ed compact electrostatic precipitator; 

[0033] FIG. 15 is a sectional vieW taken on line 15-15 in 
FIG. 14; 

[0034] FIG. 16 is a cross sectional vieW of a modi?ed 
support for the electrode Wire as it Would be taken along the 
line 15-15 of FIG. 14; 

[0035] FIG. 17 is a cross sectional vieW of a modi?ed 
support for the electrode Wire as Would be taken along the 
line 17-17 of FIG. 14; and 

[0036] FIG. 18 is a ?at layout of a cylindrical electrode 
support unrolled to a ?at surface to reveal a modi?ed pattern 
for the electrode Wire supported on the electrode surface. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0037] FIG. 1 is a schematic cross sectional vieW of an 
electrostatic precipitator 10 made according to the present 
invention. A housing 12 has a discharging electrode assem 
bly 14 to produce the corona discharge. The high voltage DC 
poWer supply 16 applies a high voltage (several thousand 
volts), to the electrode assembly 14 on a Wire surrounded by 
an insulator bushing 18. The bushing 18 is surrounded by a 
high voltage shield 20, made of suitable conducting mate 
rial. 

[0038] An electric heater 22 is in contact With the insulator 
bushing 18 to keep the insulator bushing at a suf?ciently 
high temperature to prevent vapor condensation and particle 
deposition on the bushing 18. 

[0039] Gas containing suspended droplets and other par 
ticulate matter from a source 23 is directed to How through 
an inlet opening 24 of the housing 12 and passes through a 
porous medium 26 in the inlet. The porous medium 26 is a 
relatively inef?cient droplet collector to keep out large 
contaminants, so that most of the droplets in the aerosol are 
carried by the gas into the electrostatic electrode region or 
chamber 28 above. 

[0040] The input gas then ?oWs around the electrode 
assembly 14 to expose the droplet particles in the gas to the 
high electric ?eld around the electrode assembly. The dis 
charge electrode assembly 14 includes a central rigid sup 
port 30 for tWo support discs 32 and 34 on opposite ends of 
the central support. The upper disc 32 may be attached to the 
insulator bushing 18 and thus support the discs 32 and 24 
from the housing 12. Aplurality of holes 35 (see FIG. 2) are 
formed in each disc 32 and 34 and a ?ne metal Wire, 36 is 
strung betWeen them. The sectional vieW FIG. 2, through 
the compact electrostatic precipitator electrode 14 shoWs 
there are eight holes in each of the support discs. A?ne metal 
Wire 36 is threaded through the holes to form eight straight, 
parallel discharge electrodes 36. By Way of example, if the 
distance betWeen the tWo support discs is 8 inches, the ?ne 
Wire electrode 36 extending betWeen them Will each be 8 
inches in length for a total discharge electrode length of 64 
inches. More holes can be used in the support discs 32 and 
34 to create more discharge electrodes, or feWer holes can be 
used if less length of the discharge electrodes is needed. 
With the above mentioned distance of 8 inches betWeen the 
support disks, an electrode circle diameter of 3 inches, the 
diameter of the housing 12 is approximately 5 inches, and its 
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length, approximately 10 inches. Using the conventional 
design of a single discharge electrode in the center of a tube, 
the total length of the electrostatic precipitator is more than 
64 inches. The advantage of the present electrode design in 
reducing the siZe of the precipitator and making it compact 
over the conventional design thus becomes obvious. 

[0041] The gas (aerosol) ?oWs around the Wires 36 and 
ions are produced in the corona discharge. The ions collide 
With the droplets to cause the droplets to be charged. The 
charged droplets are then carried by the gas ?oW through an 
electrically conducting, grounded porous medium 40 as the 
gas ?oWs to an outlet 42. The droplets are collected by 
electrostatic precipitation onto the grounded collecting ele 
ments in the medium. 

[0042] The clean gas then ?oWs out of the annular space 
41 betWeen the porous medium 40 and the outer housing 12 
to the outlet 42. The collected oil droplets ?oW doWn the 
inside surface of the porous medium 40 as a thin ?lm Which 
is returned by gravity to an oil reservoir or sump 44. 

[0043] As shoWn in FIG. 1, all parts of the system are 
grounded except for the high voltage electrode assembly and 
the high voltage shield 20. 

[0044] Using a thin Wire of a uniform diameter in the 
above electrode arrangement, and in other embodiments 
disclosed, it is important to keep the distance betWeen each 
Wire segment and the adjacent collector electrode the same 
for all the Wire segments on the support structure. By 
keeping the distance uniform and using the same high 
voltage potential on all the Wire segments, a uniform corona 
discharge can be maintained. This Will insure that all par 
ticles ?oWing through the device Will be charged uniformly 
and to the same maximum possible extent to insure high 
collection ef?ciency for the device. 

[0045] In designing an electrostatic precipitator using the 
above electrode assembly, the spacing, S, betWeen the Wire 
segments must bear a proper relationship to the distance, D, 
betWeen the Wire segment and the adjacent collector elec 
trode surface. (see FIG. 2). Too small a spacing, S, Will 
cause the closely spaced Wire segments to interfere With 
each other, thereby reducing the maximum current that can 
be obtained from each Wire. Too large a spacing Will cause 
some empty spots on the collector electrode surface to 
appear. Within these empty spots, there are no corona 
current ?oW. Particles ?oWing over these empty spots Will 
not encounter corona ions and thus remain uncharged. From 
experience, it has been found that the ratio, S/D, must be 
kept betWeen the limits of 0.1 and 10, preferably betWeen 
0.3 and 3, for the electrode assembly to function properly 
and avoid degradation in performance. 

[0046] For application in a Diesel bloWby gas recircula 
tion system, the inlet housing 24 is connected to an opening 
in the crankcase, Which is represented at 23, and the col 
lected oil ?lm is also returned directly to the crankcase. The 
outlet 42 can be open to the atmosphere to alloW the cleaned 
bloWby gas to be discharged to the atmosphere, or the outlet 
42 can be connected to the intake of the Diesel engine for 
exhaust gas recirculation. 

[0047] The total discharge electrode length is greatly 
increased from that of the conventional precipitator With a 
single discharge electrode in the center of a tube. The corona 
current that can be maintained betWeen the discharge elec 
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trode and the collecting tube is generally proportional to the 
total electrode length. The approach described here makes it 
possible to greatly increase the electrode length and hence 
the total corona current, thereby increasing the ef?ciency for 
both droplet particle charging and precipitation of the 
charged droplets or particles. A laboratory prototype device 
has demonstrated the practicality of this approach. As many 
as sixteen discharge electrodes have been used leading to 
approximately a factor of sixteen increase in total corona 
current in laboratory prototypes. 

[0048] Another purpose of the electrode design shoWn is 
to alloW the discharge electrode to be circumferentially 
supported on a circle. Alarge diameter circle of the electrode 
length mounting Will bring the discharge electrodes (the 
Wires) closer to the porous medium 40 collecting surface, 
thereby reducing the voltage needed to maintain the corona 
discharge betWeen the electrode and the grounded porous 
collecting surface. A loWer operating voltage from existing 
precipitators is desirable for the applications described 
above, to reduce the need for very high voltage insulation. 
When using a loWer voltage, the leakage current through the 
insulator bushing 18 can be reduced. Using a loWer voltage 
also reduces the cost and complexity of the poWer supply 16, 
thus making the device more economical to produce. In the 
present device, voltages of betWeen 5,000 to 10,000 volts are 
most preferred, but voltages up to 20,000, volts DC can be 
used. 

[0049] Using a circle of electrode lengths spaced from the 
center rod also forces the gas ?oWing radially outWard 
toWard the porous collecting surface to be exposed to the 
very high electric ?eld surrounding each discharge elec 
trode. Generally, the electric ?eld strength according to 
Gauss’s laW tends to decrease With increasing distance from 
the discharge electrode. The closely spaced Wires forming 
the discharge electrodes forces the gas to pass through the 
high ?eld region betWeen the electrodes and to be exposed 
to the high electric ?eld around the Wires. Each droplet or 
particle can thus be charged to a higher level than is possible 
With the conventional single length electrode design, thereby 
gaining a higher electrical charge and alloWing droplets to be 
more easily removed by electrostatic precipitation. 

[0050] Although a porous collector electrode 40 is shoWn 
in FIG. 1 as the collector electrode, the basic design of the 
discharge electrode assembly 14 Works Well also When the 
collector electrode is made of a solid conducting material, in 
Which case the housing 12 itself can be the collector. The oil 
droplets Will be collected on the interior surface of the 
housing Walls. The collected oil droplets Will then ?oW 
doWn the Walls and be returned to the oil sump or the 
crankcase of the diesel engine, eliminating the porous col 
lector electrode Will make the device less ef?cient, but the 
overall siZe, the complexity, and the cost of the device Will 
also be reduced. 

[0051] The high-voltage insulator bushing 18, if unpro 
tected, Will be exposed to the suspended droplets or particles 
in the gas, as Well as any condensable vapor Which may be 
present. Over time, the accumulation of deposited and 
condensed material on the insulator Will render it ineffective. 
The insulator is heated by contact With the electrical heating 
element 22 to a high enough temperature to prevent vapor 
condensation on the insulator bushing. 

[0052] To prevent the precipitation of droplets or particles 
on the insulator bushing surface, a conductive shroud or 
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shield 20 surrounds the insulator. This conductive shroud 20 
is connected to the same high voltage source as the discharge 
electrodes 36 so that a high electric ?eld is created in the 
region betWeen the shroud and the nearby grounded surfaces 
of the porous medium 40 or housing 12. The charged 
droplets or particles present in the gas Will thus be precipi 
tated onto the grounded surfaces and not on the high voltage 
insulation bushing. 

[0053] Design variations of conductive shroud 20 are 
shoWn in FIGS. 3A and 3B. By using a small gap spacing 
betWeen the bottom plate of the shield or shroud and the 
nearby grounded surface, a high electric ?eld can be created 
in this gap space to also precipitate droplets or particles in 
the gas. 

[0054] In FIG. 3A, the modi?ed high voltage shield as 
indicated at 50, and as shoWn has a base plate 50A, and the 
surrounding Wall SOB that surrounds the insulator bushing 
18. The grounded housing 12 has a cap portion 52 that 
comes up from a top Wall 54 and de?nes an opening near the 
upper end of the insulator 18, as shoWn. The surrounding 
Wall 50B is spaced from the Wall over cap 52, and terminates 
short of the upper end Wall of the cap. Thus there is a gap 
shoWn at 56 betWeen the shield Wall 50B and the housing 
Wall 52 around the insulator. The support shoWn at 56 
supports a top plate 32 of the electrode assembly. The central 
support and the loWer electrode plate 34 can be provided as 
before. 

[0055] In FIG. 3B, the high voltage shield comprises a ?at 
disc 60 that is ?xed to the loWer end of the insulator bushing 
18, and the insulator bushing 18 in this case is also sur 
rounded by a sleeve or cap 62 of the housing, Which is 
grounded. 
[0056] The top Wall 64 of the housing is spaced from the 
plate 60, to form a gap 66 betWeen the housing Wall 64, 
Which is a top Wall, and the plate 60 Which is a shielding 
disc. The support 68 can be used for supporting a top plate 
32 of the electrode assembly as before. 

[0057] Each of these forms of conductive shroud shoWs a 
gap betWeen the high voltage shield or shroud and a portion 
of the grounded housing. The gap is relatively narroW, and 
Will provide for precipitation of charged particles that come 
near the high voltage shield, to the Walls of the grounded 
housing. 

[0058] Creating a long pathWay in the gap space as shoWn 
in FIGS. 3A and 3B, the charged droplets or particles in the 
gas can be efficiency precipitated in the regions surrounding 
the insulator bushing 18 to provide improved protection of 
the high voltage insulator from particulate contamination. 

[0059] In spite of the ef?cient high voltage insulator shield 
design of this invention, there is the possibility that some 
droplets or particles in the gas may remain uncharged. These 
uncharged particles Will be capable of penetrating through 
the gap space 56 or 66 betWeen the shroud and the nearby 
grounded surface to deposit on the insulator. The precipita 
tion of these uncharged particles on the insulator can be 
prevented by utiliZing the phenomena of thermophoresis. 
Thermophoresis refers to the movement of aerosol particles 
in the direction of a decreasing temperature gradient due to 
the radiometric force acting on the particles. For effective 
thermophoretic motion of the particles to prevent particle 
precipitation on the insulator the insulator must he held at a 
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sufficiently high temperature. The insulator temperature 
must be 10° C. or more than the surrounding gas tempera 
ture. In contrast, to prevent vapor condensation, the insulator 
only needs to be held above the deW point of the condens 
able species in the gas. Usually at least a feW degree C above 
the gas temperature Would be suf?cient 

[0060] To be effective, the porous medium 40 must be 
made of a conductive material, usually metal. It can be made 
of a perforated metal, a porous, sintered metal, one or more 
layers of Wire mesh material rolled into the desired cylin 
drical shape, a pad of metal ?ber or Wires formed into a 
cylinder, and similar con?gurations. As the gas ?oWs into 
the porous medium, particles are brought to close proximity 
to the surface of the conducting elements in the medium, 
thus alloWing the charged particles to be effectively depos 
ited onto the surface of the conducting elements of the 
porous medium. In comparison, in the conventional electro 
static precipitator using solid collecting electrodes, such as 
a solid tube surrounding the center electrodes, the charged 
particles must be precipitated by electrical force through the 
?uid boundary layer adjacent to the inner surface of the 
surrounding tube. 

[0061] Depending on the gas ?oW velocity, the relatively 
stagnant boundary layers adjacent to the solid collecting 
surfaces may be a centimeter or more in thickness. The 
particles must be precipitated through this centimeter thick 
stagnant gas layer to be deposited on the surface. In com 
parison, using a porous collecting electrode, as shoWn here, 
the gas is forced to How betWeen the closely spaced con 
ducting elements in the porous medium, thereby greatly 
reducing the distance the particles must travel to reach the 
collecting surface. This Will increase the efficiency of the 
precipitator and reduce the overall physical siZe of the 
device. 

[0062] Not all electrically conducting porous material can 
be used With the compact electrostatic precipitator described 
in this invention. In order to handle the high gas ?oW rate per 
unit of collecting surface intended for this application, the 
porous material must not produce excessive pressure drop at 
the required high gas ?oW. In addition, the collected oil 
drops must drained off easily by gravity and not be collected 
in the porous medium to clog the medium or produce 
excessive high pressure drops. Depending on the structure of 
the porous medium, and the surface tension and viscosity of 
the liquid droplets being collected, the distance betWeen the 
conducting elements of the porous medium must be kept 
above a critical limit. Too small a distance Will alloW the 
collected droplets to form surface ?lms bridging neighbor 
ing elements and block the ?oW. For the usual liquid such as 
lubricating oils, the mean distance betWeen the conductive 
elements in the medium must be larger than about 5 microns, 
and preferably larger than 10 pm. The mean distance 
betWeen the elements in a porous medium is also referred to 
as the mean pore diameter Which can be measured by a 
commercial poremeter. Amean pore diameter greater than 5 
pm, preferably greater than 10 pm, is generally necessary for 
the medium to Work successfully as the porous collecting 
electrode of the droplet collecting precipitator described 
herein. 

[0063] There are a number of devices using a porous 
medium to collect charged particles. One such device is the 
electrically augmented bag ?lter described by Penney in 
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US. Pat. No. 3,910,779. In Penney’s device, the particles 
are charged in a corona charger. The charged particles are 
then carried by the gas ?oW through a fabric medium and 
deposited on the surface of the fabric. The particles to be 
deposited must be a dry solid material, so that the deposited 
particles on the fabric Will form a porous cake. Since a cake 
Will also form on the fabric in the absence of an electrical 
charge, electrostatics charges are used by Penney to modify 
the property of this cake namely to increase the pore siZe of 
the cake and reduce the pressure drop. The textile fabric used 
in a fabric ?lter is usually not electrically conductive, so that 
it is not possible to maintain a corona discharge directly 
betWeen the corona electrode and the fabric. A separate 
corona charger is used upstream of the fabric ?lter to charge 
the particles for subsequent ?ltration by the fabric. 

[0064] Another device using a porous ?lter media is What 
is usually referred to as electrostatically enhanced ?brous 
?lter such as that described by Carr in US. Pat. No. 
3,999,964. Aconventional ?brous ?lter media made of glass, 
polymeric and other non-conducting ?bers is sandWiched 
betWeen tWo sets of electrical grids. Apotential difference is 
established betWeen the grids to create an electric ?eld in the 
medium to enhance the ef?ciency of the medium for particle 
collection by electrostatic attraction. The device is most 
effective When the particles are electrically charged. If the 
particles are not charged, a corona ioniZer can be used 
upstream of the ?lter to charge the particles to increase the 
ef?ciency of the ?lter for particle collection. 

[0065] A further version of the electrostatically enhanced 
?brous ?lter is that of Argo et al in US. Pat. No. 4,222,748. 
In Argo’s device, a corona charger is used upstream to 
charge the particles. As the charged particles are collected in 
the ?ber bed, Which is made of a non-conductive material, 
charge Will build up in the bed to raise its electrical potential. 
To prevent the continuous buildup of charge in the bed, the 
bed is continuously irrigated by Water to make the bed 
conductive. Particles collected in the bed are also carried 
aWay by the ?oWing Water. 

[0066] The electrostatic precipitator of the present inven 
tion is very ef?cient and can be made into a small compact 
siZe. For many applications, such as diesel bloWby ?ltration, 
the cylindrical geometry With a circular cross section is the 
most convenient. HoWever, it is not necessary that the cross 
section shape be a circle to take advantage of many of the 
features of this invention. Rectangular, elliptical, and other 
cross sectional shapes can be easily adapted to the design of 
an electrostatic precipitator described by the method 
described in the present invention. 

[0067] FIG. 4 represents a transverse sectional vieW 
through a rectangular precipitator. The electrode assembly 
72 including a pair of spaced corona Wire supports 74 (only 
one is shoWn) Would be made as before With the tWo 
supports 74 spaced along a support rod 76 With Wire 77 
forming electrodes extending betWeen the supports. The 
Wires 77 are shoWn in the cross over portions for threading 
through the holes. A conductive porous medium collecting 
electrode 78, surrounds the high voltage electrode assembly 
72, and the porous medium, and the grounded outer housing 
79 have a generally rectangular cross-sectional shape. 

[0068] In designing such a rectangular precipitator, it is 
important to keep the individual corona Wire lengths 
betWeen the support 74 at approximately the same distance 












