H51 % H4H: 1663-1673 e FLE R AR Vol.51, No.4: 1663-1673
2025 %4 H30 H High Voltage Engineering April 30, 2025

Rl E A A T A E T E T &
s F BB KR

WEMR', RPK, HXE REE!, XM K 9°
(1. WARIXFLALAERORNAESE TRLET, 414 255000; 2. Fi&.LaRE S 24 R R4
FINAF R 3E(ERKRF), TR 400044; 3. B WL AR @A 0aE) sy RE RAER NG, ¥35 261000;
4. L ARICAE B AA RG], 61F 255089)

. BUKTEBI BRI 2 eREIE T, ORI SR Y] R 4G T B VKA S, R AN B
RAERIR s 7K I OUIZ B R S R DK B A AR LB R i . SCrPRA 3 7 B8 LXY-160 48251 7T
X5, BT R TR R B B, B O EE AT 1RSSR L A R BRI E R KR 32
FREAE B A R . FERCIERE B, B AR RN LM B VK IG AR 1 AN (RIS 2R i 3 ) 78 DK g e T2
S SRR g KR RIS E R S IR R DI OG, AL I A K IS sh s B R, HK
AR (6] & ELALA 1.15 . ERIEM NAZ TGk m Bk, 45 75 mE KK R g b A Tt
HI TS PO i LK 52 2K A3 T3 — AN R A SRS RN, DR e RS I ) S iR A K R L B R D, H
LR I E N 48 2178 VKO SR BB DK B 23 B A i 1 13.7%1 8.75%

REEIR): AR, ERHUKE; BT FMEUK KR

Movement Characteristics of Supercooled Water Droplets Under AC and DC Electric Fields
and Its Effect on Rime Ice Accretion on the Insulator
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Abstract: Experimental studies have been conducted to show the effect of electric field on insulator icing. However, the
motion process of droplets and its influence mechanism on the growth of ice dendrites under different types of voltages
have not been understood. In the research, based on electromagnetism, hydrodynamics and field charging theory, the force
characteristics and motion deviation features of the droplets under different electric fields were compared and analyzed by
numerical simulations. On this basis, the impact of electric field on icing growth process was explained combined with
icing tests. The results indicate that the trajectory of charged droplet presents oscillating in AC electric field, and the cap-
ture time of the droplet is 1.15 times that of DC. The normal electric field at the edge of the shed is the largest under DC,
and ice branches are concentrated in this area. Since the electric force on the charged droplet has a counteracting effect in
one cycle in the case of AC, the number of the droplets captured by the insulator per unit time is less than that of DC.
Consequently, ice amount and length of icing insulator under DC are 13.7% and 8.75% higher than those under AC, re-
spectively.
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Table 1 Temperature and wind speed at different times

BB UK 8)/h /T KiE/(m-s)
0 -8.1 2.7
0.5 94 3.0
1.0 -10.2 3.0
15 -10.5 2.7
2.0 -123 3.0
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Table 2 Rime ice amount of the insulator

ANt H A1 it UK E/(kgm™)
JEZRM AV 20min 40 min - 60 min 80 min 100 min 120 min
0 0.064 0.124 0.183 0.255 0.317 0.394
DC 20 0.069 0.132 0.201 0.279 0.358 0.441
—40 0.081 0.157 0.225 0.324 0.443 0.564
AC 20 0.065 0.129 0.196 0.264 0.342 0.425
40 0.073 0.143 0.203 0.294 0.389 0.496
K3 MGTEMEIKKE
Table 3 Rime icing length of the insulator
AR Al it H BUKKE/m
JEEA! JE/AV  20min 40 min - 60 min - 80 min 100 min 120 min
0 0.41 0.77 1.16 1.54 1.92 2.31

DC -20 0.44 0.82 1.21 1.67 2.13 2.67
—40 0.49 0.88 1.35 1.92 2.49 3.23
20 0.42 0.79 1.19 1.56 1.99 2.49
40 0.46 0.80 1.26 1.81 2.35 2.97

AC

H A S0 R PR T i 5 A H R 3 I 2
R PN

2) AR, EAR AL BRI 4
TR, ST LI R 7K A RN ) AR 3 e
LI 115 A5A 176 {5, T0H., fEHALEA,
28 25 Tt N ELIAT FEL I PR 7R 47l SRR v T hn <2
N WA

3) HHES T, Fo5 v MKIRTZE cosd
Sl /NE R B K T%, Pt Foxt v (PR RCR
TEONIE . MAESSR S T, i KR AL f 1)
YEFIR cosO IEAZE AR, £ — AN H A X 4 LK
T RE R A IR RN, R BRI BES R B
O KR TR

4) MTEREHIEMT, L% T HUs%%

) 7 R, I Z K i 32 ZAR vh 7 A 72

AL .

ZEFLE N S TR B UK B A UK

KEZREA VK RN ARV K, HERAES T
BRI A ERBAZHRL TGN T 13.7%1 8.75%

(1

(2]

B3]

(4]

(5]

(6]

SZHk References

R, AhEsE, MR, & BIKAG T HRNS ISR
BERIRIT]. W RR, 2023, 49(2): 515-524.
HU Yuyao, SUN Jianliang, JIANG Xingliang, et al. Double-arc dy-
namic circuit model of DC flashover of ice-covered insulator[J]. High
Voltage Engineering, 2023, 49(2): 515-524.
AR, EEMR, XUIERR, 5. EIRVKTE RIS SRED]. &
HIERAR, 2023, 49(5): 1939-1948.
ZHU Meilin, JIANG Xingliang, LIU Yanging, et al. Motion character-
istics of DC local arc on ice surface[J]. High Voltage Engineering,
2023, 49(5): 1939-1948.
SRRES, EIRE, SEERE, 25 ARSI UK R HL SR B K Bk ER
EFTEEPE). SRR, 2023, 49(10): 4411-4420.
GUO Yujun, YAN Xianglong, HUANG Guizao, et al. Dynamic char-
acteristics of transmission line conductors with non-uniform accreted
ice after ice-shedding[J]. High Voltage Engineering, 2023, 49(10):
4411-4420.
EFT, AR, XHRE, & SRR SR SR FLBIKILR
[0]. mHERA, 2022, 48(7): 2698-2705.
WANG Xinkuan, YU Jianbo, LIU Zhenhua, et al. Comparison of icing
between equivalent expanded diameter conductor and bundle conduc-
tor[J]. High Voltage Engineering, 2022, 48(7): 2698-2705.

AR, XA, MR, S BTN ER SR T 2L
EEVKE MR SRR, 2022, 48(2): 584-593.
HU lJianlin, LIU Jie, JIANG Xingliang, et al. Monitoring method for
equivalent icing thickness of conductor under complex load based on
sag measurement[J]. High Voltage Engineering, 2022, 48(2): 584-593.
ook, AR, BRA, FORSEUCT IS S AR B VKAE 2
7y 2 AR G ). mFﬂr iR, 2022, 48(11): 4538-4545.
WANG Bin, LI Licheng, WEI Fasheng, et al. Research on improve-
ments in the mechanical calculation model of on-line icing monitoring
of overhead ground wires under uneven icing[J]. High Voltage Engi-
neering, 2022, 48(11): 4538-4545.



IR, BUR, MR, S ANEEERERUER] TR SK IS s R E X 45T S B VKRR

1673

(7]

(8]

(9]

(10]

(11]

(12]

[13]

[14]

[15]

[16]

(17]

(18]

(19]

(20]

HUANG Y F, JJIANG X L, VIRK M S. Ice accretion study of
FXBW4-220 transmission line composite insulators and anti-icing
geometry optimization[J]. Electric Power Systems Research, 2021,
194: 107089.
N F TER, B, & R A% T RIS
R SEIAURLT]. mEEBOR, 2018, 44(8): 2612-2619.
SUN Lei, JIA Zhidong, LI Yawei, et al. Influence law of line insulator
ice shape and density by environmental conditions[J]. High Voltage
Engineering, 2018, 44(8): 2612-2619.
JIANG X L, WANG Q L, ZHANG Z J, et al. Estimation of rime icing
weight on composite insulator and analysis of shed configuration[J].
IET Generation, Transmission & Distribution, 2018, 12(3): 650-660.
B, IR, BMNR, & EEM%T RS UK K BUE
WA E R UKGRIRIGIELT]. miHERIR, 2024, 50(4): 1694-1703.
CHI Mingchen, HU Yuyao, JIANG Xingliang, et al. Numerical simu-
lation and natural icing experimental verification on non-overflow and
wet growth on composite insulators[J]. High Voltage Engineering,
2024, 50(4): 1694-1703.
JIANG X L, HAN X B, HU Y Y, et al. Model for ice wet growth on
composite insulator and its experimental validation[J]. IET Generation,
Transmission & Distribution, 2018, 12(3): 556-563.
Sty TR, SKEREE, SE. RUKRM R RE 2 A% T
LERBTHT]. FHEBIAR, 2023, 49(7): 2900-2908.
MA Jiangiao, DING Siyu, ZHANG Ruiqian, et al. Structural design of
oblique cantilever composite insulator suppressing icicle bridging[J].
High Voltage Engineering, 2023, 49(7): 2900-2908.
ZONG C Y, HU Y Y, JIANG X L, et al. AC flashover characteristics
and arc development process of glaze ice-covered insulators in natural
environment[J]. International Journal of Electrical Power & Energy
Systems, 2022, 135: 107559.
SHU L C, WANG S J, JIANG X L, et al. Effect of grading ring on ice
characteristics and flashover performance of 220 kV composite insu-
lators with different shed configurations[J]. IEEE Transactions on
Dielectrics and Electrical Insulation, 2015, 22(2): 951-960.
B MR, WY, . BEE% T EIRES N RIKEIES)
RBUKFRE]. B THAR S, 2020, 35(9): 2042-2050.
HAN Xingbo, JIANG Xingliang, HUANG Yafei, et al. Icing proper-
ties of composite insulator and droplet movement under DC electric
field[J]. Transactions of China Electrotechnical Society, 2020, 35(9):
2042-2050.
HAN X B, JIANG X L. Effect of DC electric field on water droplets'
movement and icing process on insulator[J]. Cold Regions Science and
Technology, 2019, 164: 102780.

HF, FRT, MR, S WREVORIR T 2 A 30
W FE[T]. B, 2023, 47(12): 5247-5255.
ZHANG Zhijin, ZHOU Tianyu, JIANG Xingliang, et al. Influence of
wind loads on transmission lines under typical ice shapes[J]. Power
System Technology, 2023, 47(12): 5247-5255.
MO, MR, k&, F PSS TR B RBEIK(E) TR N
ZRAPELD). EERELAR, 2014, 40(5): 1345-1350.
XIANG Ze, JIANG Xingliang, ZHANG Zhijin, et al. AC flashover
performance of glass insulators covered with ice or snow at natural
station[J]. High Voltage Engineering, 2014, 40(5): 1345-1350.
YANG Z Y, JIANG X L, HUANG Y F, et al. Influence of electric field
on the ice-coating process of insulators with a different dielectric sur-
face[J]. IET Science, Measurement & Technology, 2020, 14(5):
585-592.
PHER, X, 2R, 4E IERMEER BN ST FmE K
IS HLEE B2 28 VKRB IR [J]. i AR HR, 2024, 50(2): 793-804.
HU Yuyao, LIU Zongyuan, LI Xin, et al. Influence mechanism of pos-
itive DC electric field on rime ice accretion on the insulators and its

experimental verification[J]. High Voltage Engineering, 2024, 50(2):

(21]

[22]

(23]

[24]

[25]

[26]

[27]

793-804.

O, SRR, B, A AT AR = AR UKRAE K R R ]
H0). BITHEARZEMR, 2021, 36(14): 3072-3080

GAO Jin, GUO Sihua, HAN Xingbo, et al. Influence factors of
three-Dimensional icing characteristics on insulators[J]. Transactions
of China Electrotechnical Society, 2021, 36(14): 3072-3080.

UCKOL H I, KARACA B, ILHAN S. DC and AC electric field analy-
sis and experimental verification of a silicone rubber insulator[J].
Electrical Engineering, 2020, 102(1): 503-514.

HUANG Y C, HUANG X B. Flow field distribution around insulator
and contamination uneven characteristic of insulator[J]. IET Science,
Measurement & Technology, 2020, 14(10): 1088-1097.

REEEF, S5 FIE, SR, S IREEX R IR A AR SO TR
R ma)]. BT ER R, 2022, 37(13): 3422-3430, 3452.
SHEN Nanxuan, SU Zihan, ZHANG Yuanhang, et al. Influence of
humidity on the charge characteristics of suspension droplets and the
characteristics of ion flow field[J]. Transactions of China Electrotech-
nical Society, 2022, 37(13): 3422-3430, 3452.

BERG XSG, Bk, 4. A4S T R IR R S AR Y
HiRBIED]. SEERR, 2022, 48(3): 902-913.

HUANG Zhicheng, LIU Yunpeng, GENG Jianghai, et al. Model and
experimental verification of particle collision capture on composite
insulator surface[J]. High Voltage Engineering, 2022, 48(3): 902-913.
GAO B, YANG F, ZHANG S 'Y, et al. The movement characteristics of
charged haze particles in ionized field and its influence on contamina-
tion of insulator[J]. IEEE Transactions on Magnetics, 2018, 54(3): 1-4.
LIU Z Y, HU Y Y, JIANG X L, et al. Influence of positive DC electric
field on rime icing on the insulator and its experimental verification in
the natural environment[J]. High Voltage, 2023, 8(5): 954-966.

HAERCEEFEE)

1989—, 5, ML, BlHER, 6w
NIRRT T i A 2R B AT A8 R ZS PR A
B

E-mail: hyuyao@sdut.edu.cn

HU Yuyao

Ph.D.

Associate professor

Corresponding author

RAAR

1998—, #, fiji+:, IEEE PES WIP £ it

T H NIRRT T i 2R B AT A8 R ZS PR A
L

E-mail: chimcbz@163.com

BHR

1961—, 5, fid:, #R, #HT

X BN R S AN G B A LR B i 2 7 VK
554 TAE I T

E-mail: xljiang@cqu.edu.cn

JIANG Xingliang
Ph.D., Professor

WA E B 2024-06-13  f&[EIH T 2024-10-09  4fE  EIRAE




<<
  /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
  /CreateJDFFile false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


