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Abstract: The electrostatic precipitator widely used in the power plants is the highly-
efficient dust collection facility. Parallel wire–plate electrode arrangements are widely 
used to generate corona discharges in various electrostatic processes. The performance 
of precipitators can be determined by the current-voltage characteristics. In this work, a 
laboratory-scale model for prediction of the current-voltage characteristic is presented 
and experimentally validated for round discharge electrodes in combination with plate 
type collecting electrodes. The model predicts the effect of electrode configuration such 
as wire diameter, spacing between wire electrodes, number of discharge wires and 
distance between collecting plates on characteristics of the corona discharge generated 
in wire-duct precipitator. Dependence of results and measurements presented in the 
paper, the onset voltage increases with increasing radius of discharge wires for the same 
wire-to-wire spacing and collecting plate-to-plate spacing as well. Positive polarity 
enhances corona current more than negative polarity. In addition, it was experimentally 
observed that corona current increased by increasing number of discharge wires and also 
spacing between discharge wires. On the contrary, corona current obviously decreased 
by increasing spacing between grounded collecting plates and increasing wire diameter 
as well.  

 
1 INTRODUCTION 

An electrostatic precipitator, being abbreviated to 
ESP, is used as a dust particle collection device in 
various power plants, steel manufactories, pulp 
and paper plants, cement plants, food processing, 
etc., as well as in commercial buildings and home 
ventilation systems. Wire duct electrostatic 
precipitators are most commercially used for the 
removal of solid particulate from combustion of flue 
gases of industries, thereby preventing the 
emission of toxic particulate into the atmosphere. 
The performance of an electrostatic precipitator 
(ESP) can be determined by the current-voltage (I-
V) characteristics. The current-voltage curves 
under clean air conditions help in diagnosing the 
electrical problems that occur under various load 
conditions in an existing precipitator. Also, they 
play an important role in predicting the 
performance when the ESP is in the design stage 
for various mechanical input data such as wire 
radius, wire-to-wire spacing, wire-to-plate spacing, 
etc [1]. This paper reports on how the corona 
current-voltage characteristics in the wire-duct ESP 
is influenced by electrode configuration and 
various parameters such as wire diameter, spacing 
between wire electrodes, number of discharge 
wires, distance between collecting plates and 
applied voltage polarity.  

2 EXPERIMENTAL SET-UP 

As most of industrial electrostatic precipitators are 
the wire-plate devices, the laboratory-scale of duct-

type precipitator was prepared in the high voltage 
laboratory at Czech Technical University in 
Prague, Czech Republic. The schematic diagram 
of experimental set-up is shown in Figure 1. It 
composed of a duct made from Perspex material, 
to allow optical observation of the spatial 
distribution of the corona, has internal dimensions 
of 100cm length, 30cm width, 30cm depth and 5 x 
10-3m thickness. Two stainless steel plates of area 
30 x 100cm2 and 1mm thickness were attached 
vertically parallel to the walls of the precipitator, 
one on each side. The ends of the plates were 
curved as semi-circle to avoid the local discharges. 
The plate-to-plate spacing of the duct was 30cm 
and a number of corona discharge electrodes 
(cylindrical wires) made of stainless steel was 
hanged symmetrically midway between the 
grounded metal plates along the length of the 
precipitator. The corona wires were passed 
through small holes drilled on the upper and lower 
surfaces of the Perspex duct. All used wires 
terminated at both ends by stainless steel 
hemispherical metallic parts to serve mechanical 
support to the wire electrodes, reduce vibration of 
the corona wires due to effects of the corona wind 
and to reduce sparking or local discharges 
occurrence at both ends of each discharge wire 
due to field intensification. The active discharge 
lengths of the wires were 30cm. Different wire 
diameters 0.55, 1.1, 1.6 and 1.85mm were used in 
the performed experiments as single or multi wire 
electrodes. These corona discharge electrodes 
energized from a dc high-voltage supply.  
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Figure 1: Experimental set-up 

 

An AC voltage source (230V), was applied to step-
up regulating transformer (0.2 ~ 100kV, 8kVA) 
through primary regulator (0 ~ 200V) and contactor 
switch to provide connecting or disconnecting the 
power supply. The output voltage of the HV 
transformer was passed through (4.35kΩ) resistor 
and then converted to controlled DC voltage using 
high voltage controlled rectifier circuit (max. 150kV 
reverse voltage). A high voltage smoothing 
capacitor bank (0.2µF, 25kVDC), composed of five 
capacitors connected together in series, was used 
to smooth DC output current. An Electrostatic 
voltmeter was used to adjust applied voltage to the 
high voltage electrode of ESP. A sufficiently large 
resistor (100kΩ) was connected in parallel with 
capacitor bank in order to protect the electrical 
circuit against faults and excessive charging 
currents at the instant of arc discharge occurrence 
in ESP.  

The two collecting plate electrodes of the 
precipitator were earthed through a digital micro-
ameter (IWATSU-7411) for measuring the corona 
current. Another micro-ameter was used for 
measuring current passing in each discharge wire. 
Both micro-ameters were totally isolated to avoid 
local corona that may affects taken measurements. 
Precipitator current was recorded with the gradual 
increasing of the applied voltage.  

A corona discharge is generated between the wire 
electrode, which is connected to a dc high voltage 
supply with negative polarity, and the grounded 
outer electrode. Negative ions are formed at the 
discharge wires, which then accelerate to the 
collecting plates. All the experiments were 
performed in ambient air (temperature: 22 ± 1◦C; 
pressure: 987.7hPa, absolute humidity: 8.8g/m3) 
and the precipitator model is working in the 
absence of dust loading or gas flow conditions. It 
means that there is no charging and collecting dust 
particles on the way of discharge zone. 

3 RESULTS AND DISCUSSIONS 
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3.1. Effect of voltage polarity 

An initial selection of operating voltage polarity was 
made on the basis of getting higher precipitator 
corona current which leads consequently to 
improvement of ESP efficiency. At negative 
polarity, beyond a certain threshold voltage, the 
corona current is higher, in absolute value, than 
that at a similar high voltage of positive polarity, as 
can be seen in Figure 2 by examining the current–
voltage characteristics for both small and large 
wire diameters. 

It was observed that sparkover for positive polarity 
occurred at lower voltage compared to negative 
polarity.  Also, corona discharge for positive 
polarity was very weak and unstable. Figure 2 
illustrates that sparkover occurs under positive 
polarity, for 0.5mm wire diameter, at lower voltage 
(≥ 30kV) compared to (≥ 45kV) for negative polarity 
under similar experimental conditions.  

The smaller the wire radius, the higher is the 
corona current and the smaller is the onset voltage 
under similar applied voltage and plate-to-plate 
spacing for a single-wire precipitator as shown in 
Figure 2 and Figure 3. The decrease of the corona 
onset voltage with the decrease of the wire 
diameter is attributed to the corresponding field 
enhancement at the wire surface [2, 3]. 

For the positive corona case, only positive ions 
participate in the particle charging process. In the 
case of negative corona discharge, the 
interelectrode space consists of neutral molecules, 
negative molecular ions, and free electrons. The 
enhanced corona current with negative corona 
might be due to increased free electron charging 
[4].  
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Figure 2: Effect of voltage polarity on precipitator 
corona current 
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Figure 3: Dependence of corona onset voltage on 
wire diameter 

 

It is assumed that the electric field is more 
intensive, and hence, the corona current density is 
higher for negative polarity in each point at the 
surface of the collector grounded electrode. This is 
why the negative polarity is preferred in most 
electrostatic precipitation applications for which the 
corona discharge was more stable. 

3.2. Effect of plate-to-plate spacing 

Spacing between collecting electrodes of ESP 
plays an important role on the characteristics of 
wire-plate precipitators. In order to show the effect 
of spacing between collecting plates on I-V 
characteristics of ESP, two different spacing 
between grounded plates were employed for 
comparison. The obtained results clarified that 
increasing of plate-to-plate spacing led to 
decreasing the corona current and increasing the 
onset voltage, under the same applied voltage and 
wire diameter for a single-wire precipitator, as 
shown in Figure 4. 

This is simply explained by the resulting decrease 
of the electric field along the flux lines, where the 
corona ions are convicting between the discharge 
wires and the collecting plates. The more of plate-
to-plate spacing, the more decreasing of the 
electric field along the flux lines with subsequent 
decease of the corona current for the same applied 
voltage. It is quite clear that corona current for 
smaller spacing between plates was much higher, 
more than seven times, than wider spacing 
between plates at the same operating voltage. In 
other words, I-V characteristics as well as 
precipitator efficiency could be improved by 
decreasing spacing between collecting plates 
without the need of increasing applied voltage. 
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Figure 4: Effect of spacing between grounded 
plates on precipitator corona current 

 

3.3. Effect of number of discharge wires 

In this section, three different wire configurations 
(single wire, 3-wires and 7-wires) were employed, 
under similar experimental conditions, in order to 
clarify effect number of discharge wires on ESP 
characteristics. Figure 5 shows the corona current-
voltage characteristics of the precipitator model as 
influenced by the number of discharge wires at the 
same plate-to-plate spacing, wire diameter and 
spacing between wires. It was found that onset 
voltage increased by increasing number of 
discharge wires, as the shielding effect becomes 
more pronounced with increasing of the number of 
discharge wires. The measurements revealed that 
corona current increased obviously by increasing 
number of corona wire electrodes. This may 
attributed to increasing electric field between 
adjacent discharge wires and also between 
collecting plates and wires as well. 

3.4. Effect of wire diameter 

In particular, cross sectional area of wire 
electrodes is an important factor that has a direct 
effect on current-voltage characteristic of wire-duct 
precipitators. Therefore, two different sizes of wire 
diameters were used in the experiments in order to 
describe the influence of wire diameter on I-V 
characteristics. 

The current-voltage characteristics using multi-
wires arrangements, 3-wires and 7-wires, are 
shown in Figure 6 and Figure7, respectively. On 
the other hand, Figure 2 gives clarification for the 
precipitator characteristics when using single-wire 
precipitator. It was observed that the smaller the 
wire diameter, the smaller the onset voltage and 
the higher is the corona current at the same 
applied voltage and plate-to-plate spacing. 
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Figure 5: Effect of number of discharge wires on 
precipitator corona current 

 

 

 

 

 

 

 

 

 

Figure 6: Effect of wire diameter on precipitator 
corona current (in case of 3-wires) 

The decrease of the corona onset voltage with the 
decrease of the wire diameter is attributed to 
electric field enhancement at the surface of smaller 
wire diameter [2, 3]. This is why the corona current 
under the same applied voltage increased 
significantly with decreasing cross sectional and 
surface area of wire electrode diameter. 

3.5. Effect of wire-to-wire spacing 

In this section, the dependency of corona 
characteristic of ESP on spacing between high 
voltage electrode wires was investigated. It is 
shown from Figure 6 and Figure 7 that corona 
discharge current and also sparking voltage 
increased remarkably by increasing spacing 
between discharge wires under the same 
experimental conditions with both 3 and 7 wires 
arrangement. This may corresponded to shielding  
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corona current (in case of 7-wires) 
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effect on discharge wires in the case of denser 
spaces between high voltage electrode wires. The 
sparking voltage may increase with wider spacing 
between wires, due to the loss of ionized charges 
from the current channels by convective charges 
transporting [5]. 

4 CONCLUSION 

In conclusion, this study reported that corona 
current-voltage characteristics of a laboratory-scale 
model of electrostatic precipitator could be 
dramatically affected by various essential 
parameters. Dependence of results and 
observations in the paper, the corona current for 
negative polarity enhanced much higher than 
positive polarity under similar high voltage. Also, 
sparkover voltage occurred at higher voltage when 
applying negative polarity other than positive 
polarity. In addition, I-V characteristics as well as 
precipitator efficiency could be improved by 
decreasing spacing between collecting plates 
without the need of increasing applied voltage. The 
measurements revealed that corona current 
increased obviously by increasing number of 
corona wire electrodes. Also, it was observed that 
the smaller the wire diameter, the smaller the onset 
voltage and the higher is the corona current at the 
same applied voltage and plate-to-plate spacing. 
Finally, it was experimentally observed that corona 
discharge current and also sparking voltage 
increased remarkably by increasing spacing 
between discharge wires under the same 
experimental conditions. 

4 ACKNOWLEDGMENTS 

This research was supported by the Ministry of 
Education, Youth and Sports of the Czech 

XVII International Symposium on High Voltage Engineering, Hannover, Germany, August 22-26, 2011



Republic co-operating with Czech Technical 
University in Prague. The authors would also thank 
Assoc. Prof. Kvasnička Vladislav, Mr. Jan 
Hlaváček and Mr. Kvasnička Jan for their valuable 
help with preparing precipitator model and 
experimental measurements. 

5 REFERENCES 

[1] B. Rajanikanth, M. Jayan: “Simulation of Dust 
Loaded V-I Characteristics of a Commercial 
Thermal Power Plant Precipitator”, IEEE 
Transactions on Dielectrics and Electrical 
Insulation, Vol. 17, No. 1, pp. 39- 44, 2010 

[2] H.  Ziedan, J. Tlustý, A. Syed, A. Mizuno, A. 
Ahmed: ‘‘Onset Voltage of Corona in Wire-Duct 
ESP's as Influenced by Precipitator Geometry”, 
5th international Scientific Symposium, 
Electroenergetika, Stara Lesna, Slovakia, pp. 
23- 25, 2009 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[3] H.  Ziedan, A. Sayed, A. Mizuno, A. Ahmed: 
“Onset Voltage of Corona Discharge in Wire-
Duct Electrostatic Precipitators”, IJPEST, 
International Journal of Plasma Environmental 
Science and Technology, Vol. 4, No. 1, pp. 36- 
44, 2010 

[4] R. McDonald, H. Anderson, B. Mosley, E. 
Sparks: “Charge Measurements on Individual 
Particles Exiting Laboratory Precipitators with 
Positive and Negative Corona at Various 
Temperatures”, J. Appl. Phys., Vol. 51, No. 7, 
pp. 3632- 3643, 1980 

[5] K. Parker: “Electrical Operation of Electrostatic 
Precipitators”, IET Power and Energy Series, 
No. 41, London, United Kingdom, 2007 

 

XVII International Symposium on High Voltage Engineering, Hannover, Germany, August 22-26, 2011


	1 INTRODUCTION 
	2 EXPERIMENTAL SET-UP 
	3  RESULTS AND DISCUSSIONS 
	3.1. Effect of voltage polarity 
	3.2. Effect of plate-to-plate spacing 
	3.3. Effect of number of discharge wires 
	3.4. Effect of wire diameter 
	3.5. Effect of wire-to-wire spacing 
	4 ACKNOWLEDGMENTS 
	5 REFERENCES 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




