50 % 552 . 793-804 LN ZN Vol.50, No.2: 793-804
2024 %2 H 29 H High Voltage Engineering February 29, 2024

DOI: 10.13336/1.1003-6520.hve.20230079

IEARME BRI X a1 Z B KRR I 3 AL
B Kl 3 ik
WEM NEE F RN EARD, KEH, HHE

(L WARELXFLAEFERULNAELSE TRIZERE, G 255000, 2. 570 & WA R a8 @ A F+5
R, A 213022; 3. EARAKFHELESER AL ZASHBRARABRELERT, TK 400044)

B . RIS NG TR UG RN HL M L AR AT SRR . SEAR L, LI AN KR
AEGREIRIAER, EECEFTT L. TS A AR S, PR B G T TR T
Y-S T 5 BT AL B AR KR IR W TT . G5 5RARN], i RUK 7 B g i Tt isg 2iash, HHHL
% e B A A it e ARG ELAR ARG O, TR X G T s B A R ARG AR T AR UK R
ARG G T R IE R S > B BN ZE R, HETMT MDA B B AR ARr IR s R At F R R T, AR S0 A
WGP GY AR AR, HUKR BRI IZ AR, A G OU T PR 1 K E A DK BER T A ra s
UL, HIGRIEESIL 15%. 7045 R0 T 30l i 28 25 1 DK KR B5E 1 At

KR IEARVEERARY; DG TR ATEKH; KRG - e

Influence Mechanism of Positive DC Electric Field on Rime Ice Accretion on the Insulators
and Its Experimental Verification
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Abstract: Insulator icing is a key scientific problem in a complex atmospheric environment, which impairs the safe op-
eration of power grid. Compared with the AC, DC electric field exerts adsorption on supercooled water droplets. However,
few studies on this issue are available. In this paper, an electric field-flow field coupled simulation, as well as natural icing
tests were carried out on two typical suspension insulators based on the principles of field charging, fluid mechanics, and
electromagnetics. The results indicate that charged water droplets tend to move along the electric field lines in a DC elec-
tric field, and their trajectory deviation increases with increasing applied voltage and droplet diameter, while decreases
with an increase of wind speed. Under DC electric field, ice branches form on the surface of the insulators. And there are
significant differences in the normal electric field components on different insulator surfaces, which further affect the
growth characteristics of ice branches. As the applied voltage increases, ice branches gradually spread from the edge of
the shed to its surface. Moreover, the tips of ice branches become increasingly blunt. Ice amount and ice length of two in-
sulators under energization are greater than those under non-energization, and the growth rate is more than 15%. The
results lay the foundation for establishing a model for ice growth on energized insulator.

Key words: positive DC electric field; insulator icing; charged water droplets; ice branch; electric field-flow field cou-
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Fig.1 Diagram and structure parameters of the insulators
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Fig.2 Settings of coupled simulation of the insulator
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Fig.12 Electric field distribution of different insulators
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0 0.41 0.77 1.16 1.54 1.92 2.31
30 0.45 0.81 1.27 1.78 221 2.82
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Table 2 Ice amount on the surface of the insulator

EAEZ SRR () i Bk R (g m™)
ks /&Y 20 min 40 min 60 min 80 min 100 min 120 min
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30 56 121 176 231 289 369
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68 136 202 277 358 472
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RN BN T 18.64%, HIKKEHK
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