
11. NUMERICAL TECHNIQUES 

Abstract — The ionized field produced by corona discharge 
from high voltage direct current (HVDC) transmission line 
has a great influence on the electromagnetic environment. In 
this paper, a highly stable iterative algorithm based on upwind 
FEM is introduced to analyze the ionized field of HVDC 
transmission line in the presence of the wind. The Kaptzov’s 
assumption is introduced on conductor surface as a boundary 
condition. In the iterative procedure presented by Takuma, a 
controlling method is added to guarantee the convergence of 
the iteration, which has been tested to be effective. The impact 
of the wind on the ground level electric field and ion current 
density of a bipolar HVDC transmission line is analyzed, and 
we find the wind has significant influence on the ionized field 
which has to be considered in the engineering design. 

I. INTRODUCTION 
HVDC transmission line has many advantages over 

conventional ac transmission line for long-distance power 
transmission, which has been utilized in China for many 
years. But space charge which flows from the conductor as 
a consequence of corona discharge can cause 
environmental concerns. Hence, the electric field and the 
ion current density on the ground level under HVDC 
transmission line must be analyzed. 

In the presence of the space charge, ionized field is 
difficult to be analyzed for its inherent nonlinearity. 
Researchers have been making efforts in the last 80 years. 
In the 1960s, Sarma and Janischewskyj [1] developed a 
method based on Deutsch’s assumption which is still a 
subject of study. After that, Janischewskyj and Gela [2] 
presented finite element method (FEM) to analyze the 
ionized field without Deutsch’s assumption. Two separate 
partial differential equations were solved iteratively. Later, 
other numerical solution techniques, such as the finite 
difference method (FDM), the boundary element method 
(BEM), and the finite volume method (FVM) have been 
introduced to solve the dominating equations. In 1981, 
Takuma [3] presented an upwind FEM which can consider 
the effect of the wind to solve the current continuity 
equation. But the space charge density was set to be 
constant which was relevant to the experimental result on 
the surface of the conductors. As a consequence, upwind 
FEM was modified by researchers to fit the Kaptzov’s 
assumption. As detailed by Brooks and Hughes [4], the 
application of the upwind method is desired for removing 
spurious node-to-node oscillations in numerical solutions. 
Some researchers found it uncomfortable with the upwind 
method for its sometimes unconvergence.  

In the paper, a highly stable iterative algorithm based on 
upwind FEM is introduced to analyze the ionized field of 

HVDC transmission line in the presence of the wind. In the 
iterative procedure presented by Takuma, finite element 
method is used in solving Poisson’s equation with a given 
charge distribution, and upwind method is applied for 
solving the current continuity equation in order to update 
the space charge density. To make the iteration efficiently 
convergent, a controlling method is implemented when 
solving Poisson’s equation. A detailed introduction is as 
follows: the space charge density obtained in the previous 
iteration is mixed in proportion with the one obtained in the 
current iteration. The controlling method is effective to 
prevent the space charge density and the electric field to 
change violently which would cause wiggles in numerical 
solutions. The effect of the wind is also analyzed for the 
engineering design of HVDC transmission line. 

II. THEORY 
The ionized field of a HVDC transmission line is a 2D, 

time-independent field, the main system of equations 
describing the ionized field is as follows [3]: 
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In order to simplify the nonlinear solving problem, 
following assumptions are adopted [3]: 

(1) The thickness of the ionization layer around the 
conductors is small enough to be neglected. 

(2) The positive and negative ion mobility k+, k- are 
assumed to be constant, and they are also considered to be 
independent of the electric field. 

(3) The magnitude of the electric field on the surface of 
the positive and negative conductors keeps unchanged on 
the onset value Eon. 

Considering the controlling method in the iterative 
procedure, Poisson’s equation should be substituted with 
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where λ is mixing coefficient, ρp is the space charge density 
obtained in the previous iteration, and ρc is the space charge 
density obtained in the current iteration. 
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The detail of the upwind FEM theory and the iterative 
procedure can be found in [3], [5], and [6]. 

III. THE EFFECT OF MIXING COEFFICIENT 

The ionized field of a ±660kV bipolar HVDC 
transmission line is computed. 6×630mm2 bundle 
conductors are used. The spacing of split conductors is 
45cm. The height of the conductors is 17.5m, and the 
distance between them is 19m. Two ground wires with 
diameter 15.75mm are placed 37.43m, the spacing between 
them is 21.4m. The effect of the mixing coefficient λ is 
shown in Fig. 1 and 2. When the mixing coefficient λ is 
employed (λ=1/4), the iterative procedure can be seen 
convergent when different initial ion densities are applied 
on the surface of conductors. Otherwise, convergence could 
not be achieved which can be seen in Fig. 2. Ec is the 
electric field on the surface of the positive conductor.  

 
Fig. 1. Using mixing coefficient in the iterative procedure 

 
Fig. 2. Not using mixing coefficient in the iterative procedure 

IV. THE EFFECT OF THE WIND 

The ionized field of the bipolar line described above in 
the presence of the wind is computed. The electric field and 
the ion current density at the ground level for different 
wind velocities are calculated separately. Fig. 3 and 4 
illustrate the ground level profiles of electric field and ion 
current density varying with the wind velocity. 

The space charge density distribution of the 
transmission line described above with the wind velocity 
5m/s is shown in Fig. 5 to analyze the influence on the 
ionized field. The charge density around the conductor is 
very strong. A small quantity of ions which are generated in 
the corona discharge flow to the ground wire, and the ions 
drift to the downwind side in the presence of the wind 
which can be seen clearly from Fig. 5. The phenomenon of 
the ions drifting lead accretion to the maximum of electric 
field and ion current density in the downwind side which 
can be seen in Fig. 3 and 4. 

 
Fig. 3. Effect of the wind on the ground level electric field 

 
Fig. 4. Effect of the wind on the ground level ion current density 

 
Fig. 5. The space charge density of the bipolar HVDC transmission 

line with the wind velocity 5m/s 

V. REFERENCES 

[1] M. P. Sarma and W. Janischewskyj, "Corona loss characteristics of 
practical HVDC transmission lines, part I: unipolar lines", IEEE 
Trans. on Power App. Syst., vol.PAS-89, no.5/6, pp. 860-867, 1970. 

[2] W. Janischewskyj and G. Gela, "Finite element solution for electric 
fields of coronating DC transmission lines", IEEE Trans. on Power 
App. Syst., vol.PAS-98, no.3, pp. 1000-1012, 1979. 

[3] T. Takuma, T. Ikeda and T. Kawamoto, "Calculation of ion flow 
fields of HVDC transmission lines by the finite element method", 
IEEE Trans. on Power App. Syst., vol.PAS-100, no.12, pp. 4802-
4810, 1981. 

[4] A. N. Brooks and T. J. R. Hughes, "Streamline upwind/Petrov-
Galerkin formulations for convection dominated flows with 
particular emphasis on the incompressible Navier-Stokes equations". 
Computer Methods in Applied Mechanics and Engineering, vol.32, 
no.1-3, pp. 199-259, 1982. 

[5] T. Lu, H. Feng, X. Cui, Z. Zhao and L. Li, "Analysis of the ionized 
field under HVDC transmission lines in the presence of wind based 
on upstream finite element method". IEEE Trans. on Magn., vol.46, 
no.8, pp. 2939-2942, 2010. 

[6] T. Lu, H. Feng, Z. Zhao and X. Cui, "Analysis of the electric field 
and ion current density under ultra high-voltage direct-current 
transmission lines based on finite element method". IEEE Trans. on 
Magn., vol.43, no.4, pp. 1221-1224, 2007. 

 


	I. Introduction
	II. Theory
	III. The effect of mixing coefficient
	IV. The effect of the wind
	V. References


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /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 /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /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 true

  /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



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



