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Review of the Researches on Finite Element Calculation of Ion Flow

Field for DC Transmission Lines

70U Anxin, XU Luwen, JI Yongliang, GONG Lin, HOU Xingzhe, WU Gaolin
(Electric Power Research Institute of Chongging Electric Power Company, Chongqing 401123, China)

Abstract: DC transmission lines generate corona,resulting in ion flow field. This kind of ion flow field has become
one of the focuses in research of environmental problems.The finite element based calculation method of the ion
flow field has attracted more and more attention because it accords with actual situation of transmission lines and
has higher calculation precision.This paper expounds the corresponding researches both in China and abroad in or-
der to provide a reference for the future research in this domain. In the paper,the advantages and disadvantages of the
finite element based two-and three-dimensional calculation methods of ion flow field are analyzed,and the researches
on the effects of building and human body on the ion flow field are discussed. Contrastive analysis indicates that
the three-dimensional calculation method of ion flow field will play an important role in engineering.In addition, it
is suggested that more attentions should be paid to the influences of terrain and weather for comprehensive and ac-
curate assessment of electromagnetic environment for the DC or AC/DC hybrid transmission lines.
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Fig. 1 Ion flow of DC transmission lines

WERA 585 W R 3 R U R N VT A LR
iy L 2R B L RGP B S e HLA AR B R S N
A2 E X AT T IR AWM, Biar, TR L
Y A7 BT — R FH 2 T Deutecsh {15 B9 £(E T
BT % AR AR Ay s JA) H A R R H 37 R/
AN S 728 G 7 1), AT 8 1) 230 7 Ak Hi ) £ i —
2 1) L, S TIPSR A (R 2T
FAERE AN AR, BEE A BRI k5 ARS
JIHL 37 I R S 2 v O SR B AT LA
3 BB =, A8 B A A S B AR o v 2 i
ARV A LR e i T 2

SCHR TR A T E b S s )
E S TR i TR AR 2 i W R S UK S =W I NBZ
I 43T LU R 2 B RS T i 3 e A SR B N A
FEl 1 3 A FIAH G 52 ) ) BF 5 S5 BT 1B 0, O Je B T 4
J& BEFE A E S T ]

1 BFRpEHAE

L VAL i PR 2 O Y T SRR T N LA
i FL 2 B R 07 5 T 0 Sl R B R A A SR A O 5
W, PRI U TES P ER T ZH
Y A AL i 2 B8 13k M |8 14 BIUMI XU A5
DUZR BIRE IR, (R, Sk 17 92 2 o R P FO X 2, — J
AR L S i 5 ] L P R I DR 2 A
T 23 1] AL e R R L 3 B SR B R R T 2
Y I3 VE i 3 B 407 )iz 2l | IE SO )R
FERRTR S5 o AN TR) 2 35 e BEAT HARTH 5 I8 9 fi i
A —k HEZERAKR,

Vip=—LP-
&9
E=-Ve¢
J+:p+k+E5+p+W—D+Vp+
J =0k E~p"W-DVp
J=T+J o (1)

v-Ji=—Rep
e

v.J=Rep
€

V-J=0

KT E NGBS kVim J,J 5008
IEE I Aim?;pt o5 3 0 1E T8 25 Al HL
Tp S, G’ sk k050 0 IE 60 B T AU AL m(V -s);
D, D5 BR IE BB T B R A, mYs s R N BT
BAZREGW R KGR K8 (WG 7 ) 16 5T 4R,
m/s ;&0 N EA A HLHEL,10°/(36m), F/mse JE S A H
T HHE1.602x107° C,

2 ETERTHIHEFTEAR

2.1 BARTAZEELREFEE

A R ITTE AR 43 I 38 R S A 8 i K 4 34 1) it
V18 0027 A TR — 30 ([ 8L A Sy A I 19 28 43 ] R, D
2 RSRARAA Al A, 4 A BR T kT B T
W XA A B SE T AT B RS F1 . 20
80 AP JICTT S AL EL A 1y 28 AR 2 1) & JR Al A5 1 5 bl
PR 7 fith 225 R TR R R Sl B v, AT 6 T A FR
JCHTH R RS R TR R

FiAs 2 FA RIT ke F i i 8ok,
00K 45 T T R v B b T R R T S R 4 Y O
BEATSR A, T ASE I - 20 (1) B9 W 7 72 - Vie=—(p™—
p)ey 5T FNAE Gy a) AN | HA E— i

Fg=| |

el 5 el e
dxdy=min, (2)
A BRICTT VL T RT3 R, 7 22
H T 53 i v £ HL 37 1 TG PR U A AT BR 0k 2%
I BARI 5 A B R B b R Hh — AR AR Y
SUE (| DN BSUR I 0 52 AT U N S
ST B i) df A S 1 DX B A B XA R i T
FATT R B I AR P il 2 e SR . M A A
TR FE 3 Rh LT R B AR ORI AR
LRI AT T M HL T SN T LR
LK
o= U(U ST, )



e 5T AT, RIS, S S, . B HL R AT UG STk £ 29 -
Ho it - =0, ) T B BT Gm FIRE T W 2 3R EE

NS AbE N T Fes ek R g, L2 %S
[F1) R, 7 XoF 2% Ak R, 37 4 5 W) 5 S5 2 R A R L AT AR 22
W NN N T A B i o A 2 oh 5 R F A 7 AR Y
FrAR HLAL , FRASEADLH ff R OR A

©=Upjancto (5)
22 ZHARTHEITE
221 —HARLE &

— AT BRIT 5 v 1 B D R B TR Y
4 O R A = B AR R o T R, SRS 4
it S PN SRR TE R T RO IEAT SR A 1078 LA
23 () L o2 S A8 o [ ) AT BR ST 7 96 X YA AL T
0 R 7 322 6 P 7 R S HCTOR e, o ik ARSR A B 45
HSCBRIZ I RS- T T 4E 5 i 3 1 SR o At
AT FE S0 2 35 0 58 A0 Rl B9 Y 1 — o 2 [ R, ey
RSO S Tl I A A A S R R L
R CRAE N i eI N R S L =W

" =p"4+8p
E..—-5¢
%Ev(QDA‘HDB)

K (6)H > Sy H fif B BETH A ; p™ ol b —ik
PP AT 2 BE AR B R b — AP W 1153 i 4
) 2R 3R T L 3 0 O B E, O AR R
SR 5@ o A AN SEROARA T R Bl s o IR E S,
3 o AN W S U, R8I B R 25 T e b

P25 ¥R AT DA AP b figp 2 BRI RN BUR s R LT
iy PR B 1Y B I T S R, (HOR R BRI 5 JE X
SRR — X T EEPRIE T2k,
DR X0 25 - U 2 5 e K B UE A R R U
Gy o A BLAT & SEBRIE O, 0625 7% e XU (1) 52 ]
222 LARARTI %

B XoF 3% AR 2k R b 8 (A A AR ) (R 3 45
B m) B3, 1981 4E H A% 3% Takuma %5 AN H T —Fh
R 4l 30 3 22 43 Dt 305 4% ) H i 5 B A R T i
B — LA BR Tk (upstream FEM), 3T 19874F
X I H HL A SR AR AR T 3 — 20 i ek ) DT i 45
TE— M B RIE S5 A7 A A5z T R, i 285 52 467 BB 5 4
WS, XA 5V R 5 L b 5 Bl B AR RN SUR B S T
TR, A PR TR SR i A3 ) H ey 2 B R T
AT — A R R AR AL ) B TR AR O R 2%
1 (3 4 3 T B 1) 5 () HL 7 % 32 ) e S 4 R T T
G,z S 2 1 7 ik NN ) A E 28 R g, AR R
TR T A R LA B B L 1% & # Kaptzov &
B, AR AR T R AT 25 B DR AN AE

op=a ° (6)

B WO R — N SOR L 2 A E R m,
5 b F e 4 ) A 1] & ma Fji 06T E SR 90° BIF
1F3) 27 0 A as B AR R V 5 -b F e 1Yk
FAR/NT 90°, 1% =M o0 R I OT , £ A X A S
BV BREIZE AN B 2 s 0 e S BN o R Y B A
i WL (7)

bV 4¢V,<0

b,V.+c,V,<0" @

KTV, V, R EE T AT E i x Ry 7 1)

UL 56, .c; b, e, A TR Y RUARAR

B2 TmifERTijm¥E
Fig. 2 Judgement of the upstream element for ijm
AR N 2 X B A RITE AT 1)
ZWIBESE (6] L A FR T (upstream FEM)K fif
23 A L3, JF % 1 1 XGH (0~8 m/s), X BB 8 s LI

Wy R B AT T EAOTE, TR R s S
T A BRIT 5 R AR 2 G0 B U L H - G Y B
TG IEAT 705 HAE 5 53 A0 38N it A BRIt s
PAEAT TG AR A B A R T o R R
T i B e i 2 AR R TR
JE R B 58 5 30 et T 4 2 T R 7 7 T ) LR (EL Y
THE T 6 R R A5 vk 55 v aT L%
FEMIEN . EH R UG E A BRoC Ty A
TRV WU IR] N AE B TR A R B T TR B
(CETE )€ Sl

LA BRICIERR T R R R FIELEN i
AT LR [) 3 0 ] 8 L 3t £ I B 28 B IR A 2k Ik
BB F AT, (HR O 3 % e K B Xk
B (58 XL 10 m/s), AN 5 FUlesi, Bt 5 2B, A i 4n
S A% B o AN Al 35 TR A RS L i
e 7 Kaptzov [R5, 1T\ R 544 3 1HT HAL far 25 B {2
KRS BA — ) m R,
223 KL A RARRAEATHE

SCIUTHE T F B 22 #8938 B8 7 0 3 1 A B
JCH A BRARBUR SR . % R A BROTsR
FEIAAS TR A BRAACRR oK Ml F U i v Oy AR



- 30 - 20174F 11 H

Eudx

HS53E 1

i BT R R AR R ST A R R R
F BRI T ] 2 A R

SC2)E R H T A BRI 5 A BRIR IR G153
TN v e LU LR B Y B P AT TR O
15 FLATAT T R R BRI 43 45 2 1) 87 e L U 4 I 11
BT o A AT B3 A XGE PSR 16 m/s,
HIETE TR T A B A S 30 b i v oy 2% BE I, O
A IR B AN T i s AR T U R I R
Oy I3 b E a2 R R A XL s T XU TG L e
FEW T YME B 32007 15 A SR A v O i ek T 2
WA — PSR A REIS B TR 3 b — B R
1 i

SCI3VEE X% 7 e AT 1 el il w] o A & 4 %4
2R 1 KU LU PR R L TR SRR AN D RR I
KB R BRGA R IR i E T kR m i
BRERE %7 6 U M R ) R s )RR R AT
TEFRIRIZS 6] A RS, TEER | AT AR LTI
FRURLSy SR I ) R HBORE S B, O Bsf ) - i, AT 45

N;

Pl ==t RolupiuSle= o8 D puk B

i m=1

Piwi =pin—At-Rp.pi.Sle+ ét

o

N,
z Pim k_Ei,mLi m

i m=l1

®)
8T 2l vt P Pran o P AT 5 I (1]
A1) 25 (6] FL A L R R R sm
GEAT Ay - SUNUE. R\ S A A R O KR F
By 2 45 Ac IR DG L, SRR | P A
USRS m MWK 5p,,, M E,, 73 00 itk 34
r A 1) P 2 R R L 3 R
AR R EELE 3, FRTEARAE
FUR AT 28 L i A BRIy ik A XU R i 149 1)
FLOT A BOR MR, LA LLA )] 16 mis, H
AT = A IS A e, T B A BR T AR B
M6 FEAT RV 0, F A Ak BE T MR R OR T R A
A BRIC R R T ERE R K

3 ARGERMETEE
Fig. 3 Control cells of finite volume method

224 AT RAXGARAT &

SC[14-16] 1) F A T8 %= DL AT BR TSR i ia A8
P VR A HL T 480 B T B P A R A Dy Y 4 i
BRI ARSE), EH X T EAE T — &R TAE,
IR B RO, BAR S 2 B 0  F 2 A B AK
- 3 B R N R R B TE R R E
AT (3T B R RIS 2 TR 25 7k I Ak A — s
S AS BN GG UE A R T R A T A 6 Y )
KA X AT IR IR AR T KU E MR, SC[17 )5 X%
J5 i FE S 14-16]HF 58 WU B 5 26 85 7 3t 3 11 Stk
b, BT AR MRS TR Tk, L
Tk P LSRN M L BT F R MM
HAER, T MRS R FLE iRm0
B, WK 4, 85N Z R Lo fm L REE
il S E A, PR AT RS R A T A T AR 4
AR .

Y/m

™72k

S~ .
AT

X/m 0
B4 UMOARSEBETRZERTKREREE
Fig. 4 Schematic diagram of solving the ionized field of
bipolar bundled conductors by FEM
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Fig. 6 3D ion flow field calculation model near building
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