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g . SRR 2RI AT, P AR R S FE R HUE IE AN CioH1406—4C+3CO+CO2+2CH4+2H2+H20
AR PR ER N 2.4x10°8 mol/(mP- )i, 17 B S5 RIG4E R B, W B PR, AR S sk A
SR FURL U RE 1070 mol/m? 314 1078 mol/m?, AF{b %4 5 ki FR AR Bh; 5 FRL X IE A AR PR W46 T 5=
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Multi-physical-field Coupling Model of DC Gap Under Vegetation Flame Condition Consid-
ering Strong Coupling of Chemical Reaction

PU Ziheng!?, ZHANG Long!?, YE Kuan?, ZHOU Kai?®, ZHANG Ruizhe?, LI Peng'?
(1. College of Electrical Engineering & New Energy, China Three Gorges University, Yichang 443002, China;
2. Hubei Provincial Engineering Technology Research Center for Power Transmission Line, Yichang 443002, China;

3. State Grid Beijing Electric Power Research Institute, Beijing 100075, China)

Abstract: In order to analyze the interaction between electric field, temperature field and chemical reaction of combustion,
and to accurately simulate the distribution of charged particles in the gap under the condition of vegetation flame, this pa-
per establishes a DC gap multi-physical-field coupling model in which the strong coupling of chemical reaction under the
condition of vegetation flame is taken into account. The key parameters of the model are set according to the results of
vegetation burning test. The effects of different polarity voltages and electrode heights on the distribution characteristics
of charged particles and the effects of charged particles on the background electric field are analyzed by using the model
simulation. The results show that, under the test conditions, when the coefficient of the pyrolysis reaction equation of pine
is modified to C1oH1406—4C+3CO+CO+2CHs+2H2+H20 and the pyrolysis reaction rate is 2.4x10°% mol/(m?s), the
simulation results are the closest to the test results. With the decrease of electrode height, the concentration of charged
particles with different polarity near the electrode increases from 10~ mol/m® to 10® mol/m?, which is similar to the
leakage current. The effect of charged particles on the initial background electric field near the positive electrode is great-
er than that of the negative electrode. The increasement of the background electric field near the positive electrode is
70%~110%, and the increasement of the background electric field near the negative electrode is 40%~80%.

Key words: DC voltage; vegetation burning; charged particle; chemical reactions; leakage current
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Table 1  Arrhenius coefficient of combustible pyrolysis gas

combustion reaction
ARG Als E,/(kJ-mol™) n SCHRACR
0 5.16x10'3 1.30x108 -1 Z[31]
®) 1.00x1010 1.26x108 0 Z Y [31]
) 2.20%10° 1.09%108 0 Z Y [31]

R2 B RIRTE JE 5 i R A

Table 2  Arrhenius coefficient of ionization reaction

ARG Al E./(kJ-mol ™) n SCHRACUE
(10) 2.53x10! 7.06 0 Z3[33]
11 9.03x10'5 0 0 Z3[33]
(12) 5.11x10' 495.37 0.5 Z3[34]
(13) 1.52x10"2 375.60 0.5 2 ([34]
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Fig.2 Layout of experimental equipment
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Fig.3 Setting of temperature measuring points
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Table 3 Leakage current at different electrode heights

R FL I /mA
LA i em W& HL R 1 HL S i 1 H R
10kV 20 kV 30kV
iE 0.61 6.94 22.99
7 il 0.16 2.16 8.05
iE 1.16 11.80 27.83
> il 0.30 3.87 13.81
iE 2.52 16.51 36.26
0 il 0.59 7.68 19.73
iE 6.46 29.93 59.28
» i 0.82 17.95 35.92
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Table 4 Reaction equation corresponding to different pyroly-

sis product proportion

s R I ST e ~Am5
1 Ci0H1406—4C+3CO+CO»+2CHs+2Ho+H20 (15)
2 CeH1005—2C+2CO+CO+CH4+2H+H,0 (16)
3 CsH1406—3C+2CO+CO,+2CH4+H2+2H,0 (17)

R B EG,  R SR T BRIE I RA FE BRI A2
YEmie, SRR E B A, H KGR A
PRI 45 R AR PIE A 108 mol/(m3-s)
B, ARG S BRI B AN R 43 A 5 4R 06 45 SR AT s
SRR 1077 mol/(m3-s)], FE 4 R RR IHE A7
(TR EER R, BRSO Z AR R, (RN FEE B
R, JERFRRE MRS /N T 200 so B 44 E
FARFAFEERAE 1078 mol/(m3-s) /e 47
23 RESHHE

2.2 i, B b B SOV T RE R IR
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NIHERLE 10-8 mol/(m?-s) /2 47 o I I X FA A #fift ok %
Bt — D WF 9T, 43 29 B A A B I N N
2.4x10°% mol/(m?-s)f (147 FL 45 B 5 il 5 45 A e A
o DRI, AR DL S 87 A E(15),
LAy 2.4x 1078 mol/(m?-s)JF & J5 B 7t . IS4
N B SIS E R B IR L an ) 7 B
o FHIE 7RI, MR A 1 ANRES AT B R —
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Fig.5 Effects of different vegetation pyrolysis reactions on

temperature distribution
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Fig.7 Test and simulation temperature results
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Fig.11 Distortion effect of combustion on electric field
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