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RIGID DISCHARGE ELECTRODES FOR
ELECTROSTATIC PRECIPITATORS

By Robert R. Crynack, Ph.D.

INTRODUCTION

The purpose of the discharge electrode in an electrostatic precipitator is to provide a source
of ionization to charge the particulate and to provide an electrodynamic field to drive the
charged particulate toward the collecting electrode. The design of the discharge electrode
determines its effectiveness in achieving its purposes, and thus, the efficiency of the
precipitator.

Discharge electrode designs have evolved since the initial application of electrostatic
precipitators to industrial processes in the early 1900s. The key to good precipitator
performance is the electrical characteristics of the discharge electrode. These
characteristics are presented and comparisons are made between rigid discharge
electrodes and more conventional discharge electrodes.

DISCHARGE ELECTRODE GEOMETRIES

The onginal discharge electrode design in elecirostatic precipitators in the United Staies
was the weighted wire shown in Figure 1A. This is the simplest of designs and generally
consists of long round wires, approximately 0.1 to 0.125 inches in diameter. As the name
implies a weight is generally hung at the bottom of the wire to provide tension to prevent
the wire from vibrating. This design is referred to as an "American" design. This design
may also be referred to as the Cottrell precipitator named after one of the pioneers in the
field of electrostatic precipitators.

In the early 1960s "European” precipitator designs began appearing in the United States.
in general, the discharge electrode consists of two parts - the support components and the
discharge components. The most common type of European design is the rigid frame.
Typically in this design, the support member is a rigid pipe frame around the perimeter with
intermediate horizontal and vertical cross members. The discharge members, usually
wires, are strung between the horizontal cross members as shown in Figure 1B. A
variation of the rigid frame design is the mast design, where a single support mast with
horizontal support members protruding from the center mast is used in place of the
completely enclosed pipe frame. This design is shown in Figure 1C. The advantage of the
rigid frame or mast discharge electrode system compared to weighted wire systems is its
reliability. The short sections of wire strung between cross members provide higher
reliability by reducing the potential of wire breakage and the resultant shorting of electrical

fields.

b - B uu o oot s oght 2 3 AT A2
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The wires used in rigid frame and mast discharge electrodes vary widely, depending on the
EP supplier and application. Common types of wires are shown in Figure 2.

During the 1970s the rigid frame and mast type discharge electrodes began to dominate
the electrostatic precipitator market. In the late 1970s the rigid discharge electrode (RDE)
was introduced and began to make inroads in the marketplace.

Before proceeding a definition of a rigid discharge electrode (RDE) is appropriate. The
term RDE has been used to refer to both the mast type and rigid frame type of discharge
electrode discussed previously in this paper. For the purposes of this paper the rigid
discharge electrode is defined as a truly rigid, unitized component that combines both the
mechanical support and discharge component in one single heavy duty electrode.
Although not unique to U. S. suppliers of electrostatic precipitators, the U. S.
manufacturers are the leaders in the supply of RDE electrostatic precipitators.

The form of the rigid discharge electrode varies widely. Several common types are shown
in Figures 3, 4, and 5. Although these RDEs are very different in design, they all have the
same characteristics - a massive body for support with a means of generating corona.

CHARACTERISTICS OF A GOOD DISCHARGE ELECTRODE

Several important characteristics of good discharge electrodes are (1) cost effectiveness,
(2) ease of installation, (3) alignability, (4) rapability, (5) reliability and (6) performance.
Each of these will be discussed briefly.

Obviously, it is important that the discharge electrodes be cost effective. The manufacturer
cannot sell and purchaser will not buy if the cost of the discharge electrodes makes the
design noncompetitive. Ease of installation is also a cost factor, whether the manufacturer
has a tumkey pro ect and installs the electrodes himself, or whether the purchaser hires a
separate contractor. Proper electrode alignment is important for good performance of the
electrostatic precipitator. Alignment requirements at initial installation and also its ability
to maintain that alignment over the life of the equipment is important. Although most of the
particulate is collected on the collecting electrode, the discharge electrodes collect a
significant amount of particulate. The rapability of the discharge electrode is as important,
if not more important, than the collecting plate in order to maintain good performance. The
reliability of the electrode and resistance to breakage is important in long term
maintainability and minimal maintenance costs. The key to good performance of a
discharge electrode is its electrical characteristics. These electrical characteristics will be
discussed in the next section.

FERBEMBREGET - F 254 14



ELECTRICAL CHARACTERISTICS

The electrical characteristics of a rigid electrode determine its performance. The theory of
particle charging and collection, along with discussions of voltage-current curves and
current distribution, are presented in this section.

Theory

Particle charging and collection theory says that the migration velocity of the particulate is
proportional to the product of E, , the charging electrostatic field, and E, , the precipitating
electrostatic field. In single stage electrostatic precipitators the typical assumptions have
been that the charging electric field and precipitating electrode field are approximately the
same, and that these are approximately the average electric field in the precipitator. Thus,
the migration velocity is proportional to the square of electric field. Since the average
electric field is the voltage divided by the nominal electrode spacing, the migration velocity
is proportional to the square of the operating voltage.

This is a gross simplification of the process since the actual electrostatic fields for both
charging and collecting are complicated. The electric field depends on the geometry,
current density and charged particulate density in the interelectrode space. With the
availability of finite element analysis computer modelling in recent years, attempts have
made to determine the electrical field strength of electrode geometries. The simple
concentric wire and pipe precipitator is easily evaluated. Considerable efforts have been
made to conduct further evaluations on a duct type precipitator with flat plates and evenly
spaced simple round discharge electrodes. It is a much more complicated modelling
process to model a rigid discharge electrode shape.

In a paper by D. Pontius, et.al, they conclude that "the conventional practice of designing
corona discharge electrodes so as to maximize the production on current is not necessarily
advisable. The theoretical description of electrostatic precipitators supports the practice
of optimizing the electric field strength while treating current much less critically." Their
testing showed superior performance by a 3/8 inch diameter wire compared to a more
typical 1/8 inch diameter wire. The rigid discharge electrode does precisely what this paper
recommends by altering the electrical properties of the discharge electrode to enhance

electric field strength.

Voltage-Current Curves

The simplest of the electrical characteristics to consider is the voltage-current (V-1) curve.
Figure 6 shows typical V-I characteristics of round, spiked and rigid discharge electrodes.
Typically, a spiked wire electrode will have a lower corona onset voltage than a round one.
The spikes on the rigid discharge electrodes typically simulate the corona onset levels of
a spiked wire. The spiked wire has a much steeper V-l curve, whereas the rigid discharge
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electrode will have a relatively flat V-1 curve. A round wire will typically have a shallower
sloped V-l curve than a spiked wire, but much closer to the shape of the spiked wire V-|
curve than the RDE V-I curve. Which V-l curve is preferable is a matter of interpretation.
Based on the previous theoretical discussion, the flatter V-1 curve should result in higher
operating voltages, and thus, higher precipitator efficiency.

in general terms, if the power in an electrical section of the precipitator is limited by the
maximum current output of a transformer/rectifier set as shown in Figure 7 , then the
operating voltage for the rigid discharge electrode is higher than that of the round wire.
Based on the previous theoretical discussion, this would imply higher precipitator efficiency.
if both discharge electrodes have the same sparkover voltage as shown in Figure 8, then
the corona current is higher in the round wire and lower in the RDE. However, the higher
current may not lead to better efficiency.

A key to the performance of a rigid discharge electrode is its ability to withstand breakdewn
and maintain a high voltage. This high voltage results in a high electric field strength to
drive the particles to the collecting surface. So in determining which type of discharge
electrode is superior, one needs to establish comparative operating voltage characteristics
of the various discharge electrode types.

Consider the pilot electrostatic precipitator test resuits shown in Figure 9. This figure shows
a comparison of a rigid frame electrode (RFE) and an RDE performance in a pilot
electrostatic precipitator with both a current and voltage setpoints. For the current (mA)
seipoint case, the average kV is substantially higher for the RDE than for the RFE,
accounting for its higher efficiency. For the fixed kV case, the RDE performance is
marginally better than the RFE, but at substantially lower corona current and power levels.

T istribution

Uniformity of corona current at the collecting plate enhances electrostatic precipitator
operation. Poor current distribution may result in poor EP performance because of two
reasons - (1) more particle reentrainment due to non-uniform electrostatic forces holding
the particulate to the plate, and (2) higher current densities may result in generation of back
corona in high resistivity applications. Rigid discharge electrodes are claimed to suffer from
non-uniform current distribution. Laboratory measurements of current distribution on
collecling plates are misleading. These tests are typically done in free air with a dust layer
on the collecting plates. To the author's knowledge the reported data in the literature does
not include the case where particulate is passing between the electrodes, thus not
simulating actual precipitator conditions.

In the absence of particulate, the corona current is carried to the plate via the ionized gas
molecules, which follow the electrodynamic field lines. In an actual electrostatic precipitator
the corona current is carried to the collecting plates by the charged particulate, whose
mobility is several orders of magnitude less than the mobility of the gas ions. If one
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observes the precipitation pattemns on the collecting plate of an RDE precipitator, it can be
seen that there is substantial particulate collection opposite the body of the RDE as well
as opposite the corona generation locations. It is clear from this observation that the
current distribution in an actual precipitator is substantially different than that measured in
the laboratory under free air conditions. There is an adequate current flow through the
entire dust layer and there is no abnormally high dust reentrainment due to uneven current
distribution.

With regard to the concems about back corona problems with rigid discharge electrodes,
the uniformity of current distribution discussed previously applies to this situation also. The
assumptions that maldistribution of corona current will result in high areas of corona current
and produce back corona are invalid. Furthermore, as discussed previously in this paper,
the typical V-1 curve of an RDE is flatter than other electrodes. The flatter V-I curve will
result in a lower corona current for a given operating voltage and will substantially reduce
the total corona current in normal operation. Thus, there is a lower probability of generating
back corona under high resistivity applications with the RDE.

Rigid discharge electrodes have specific sharp points or edges to produce the corona. This
is a preferable design to a plain discharge electrode such as round or spiral wire. As the
round or spiral electrodes become contaminated with particulate, the corona generation
sites may shift. In cases of tenacious dust where normal discharge electrode rapping may
be inadequate, heavy particulate build-up along the length of the discharge electrode may
result in poor vertical distribution of the corona current. Furthermore, these pattemns may
change with the time. The specific corona generation points of an RDE are advantageous
because these points will not change with time. The continuous corona generation at these
points result in the corona generation point being maintained at their designated optimum
position.

DESIGN FLEXIBILITY

One advantage of the design of a rigid discharge electrode is its flexibility to modify the V-|
characteristic for specific applications. Since the support and corona generation functions
are separate, the corona generation components may be altered without affecting the
support component. Changing the distance of the discharge point from the support body,
the number of discharge points (point spacing), and the orientation of the points toward the
collecting plate can all significantly affect the V-l curve. Each of these three factors will be
discussed briefly.

The spacing of the discharge point from the support body of the RDE is the first
consideration. The further the point is away form the body, the Iess effect the body has on
the corona generation. Figure 10 shows V-I curves for an RDE with spike lengths of three
quarters of an inch and two inches. The closer the discharge point is to the body, the
higher the corona starting voltage and the flatter the V-l curve. There appears to be a
critical distance above which the V-I curve is unaffected and below which the curve is
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significantly affected. The critical distance will vary depending on the actual electrode body
shape. The V-l curves in Figure 10 show a significant effect with the three-quarter inch

distance.

The number of points per length or discharge point spacing is the second factor. Figure
11 shows V-l curves with point spacings of six inches and three inches. Doubling of the
number of discharge points increased the slope of the V-I curve. In this example the
corona current is increased by 30% for doubling of discharge points.

The last design flexibility factor is the orientation of the discharge points toward the
collecting plate. In the normal RDE design the discharge points are located on the
centerline between collecting plates. But if the discharge points are bent toward the
collecting plate, the V-I curve can be shifted. Figure 12 shows a comparison of V-| curves
if the discharge points are at the center of the gas passage or bent toward the collecting
plate.

VOLTAGE WAVEFORM ENHANCEMENT

The RDE may enhance EP performance by modification of the shape of the voltage
waveform of the precipitator. A simplified electrical model of an electrostatic precipitator
is shown in Figure 13. If we make the simplifying assumption that the capacitance and
resistance of the dust layer are negligible, a simple parallel resistor-capacitor network is
left. For a given resistance, the larger the capacitor, the more uniform the voltage
waveform will be. Due to the thyristor control of power in an electrostatic precipitator,
current does not flow continuously. This results in ripple in the DCkV. This is shown in
Figure 14 as waveshape A. An increase in the capacitance of the precipitator system will
result in a flatter, less peaked waveshape as shown in waveshape B. If a precipitator is in
the sparking mode and the peak voltage is the point at which sparkover occurs, then the
average voltage will be higher in the case with higher capacitance. The larger body of the
RDE produces a higher electrode-to-electrode capacitance, and may provide enhanced EP
performance over other discharge electrode types.

SUMMARY

This paper has provided a summary of the designs of discharge electrodes in electrostatic
precipitators. Characteristics of properly designed discharge electrodes were presented
and include cost effectiveness, ease of installation, alignability, rapabillity, reliability and
performance. Emphasis was placed on the electrical characteristics of discharge
electrodes and the paper discussed how rigid discharge electrodes enhance the electrical
properties of discharge electrodes, and thus, enhance electrostatic precipitator
performance. The flatter voltage current curve, good current distribution, ability to be
customized for different applications, and ability to modify the precipitator voltage
waveshape, make the rigid discharge electrode a superior design in many aspects. Itis
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the author's belief that ust as the rigid frame and rigid mast discharge electrode designs
have replaced weighted wire designs in the past, so will rigid discharge electrodes replace
rigid frame and mast type discharge electrodes in the future. The rigid discharge electrode
is truly a third generation design.
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Abstract

In this study, we used the image processing
technique to develop a computational methodology
for recording and evaluating the individual and
group behaviors of bubbles in a two-dimensional
fluidized bed . The purpose of the work was to
improve on the traditional pressure perturbation
technique. In addition, the area and the speed of
the bubble were determined in the present study.
The methodology developed in this study can be
used for the future investigation of the growth rate
and formation frequency of the bubbles. These

B= R¥EME B=- K2z HH

factors are essential for the designs of the nozzles
and gaseous distribution plates for a fluidized bed.’
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Viscosity Effect on the Characteristics of
Impinging-Jets

T.H. Huang, W.R. Huang, W.H. Lai, T. L. Jiang
Institute of Aeronautics and Astronautics
National Cheng Kung University
Tainan, Taiwan 70101

ABSTRACT

The objective of the present.study is to investigate
the influence of the viscosity of the working fluid on
the atomization of impinging-jets injectors. The results
show that the larger viscosity of the working fluid, the
smaller liquid sheet is formed at the same impinging-
jet velocity. Besides, it is easily transformed from
“close-rim” mode to “periodic-drop” mode with
increasing  impinging-jet  velocity,  decreasing
impingement angle, and decreasing the viscosity of the
working fluid. With the measurement of Malvern
particle sizer, it is seen that the mean drop size is
bigger as viscosity of the working fluid getting higher
at low impinging-jet velocity. However, it is atomized
into about 45 z m droplets at higher impinging-jet
velocity which is independent on the viscosity of
working fluids.
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