28 % 4 BBl 5 # H Rk Vol. 28 No. 4
2024 4F 4 A Electric Machines and Control Apr. 2024

BEXNAMNESEETHN R IR FER
T 72 HY 5 0

R, FRE, ¥, &4, KERS

(1. EPRF2ERE B TAFSRET, 65T 100190 ; 2. EFRFERE K 65T 100049)

i B ARNNGEEE AT PR AAR ST 0B R 2, R I 5 A 4 R a9 AR O A A
PE R — b B R AR P 49 4 ke A AR ) A 0 T ok 8 At 8y 4 i sk e ik B AR it ik P IR R
SRR MR EPEARAARITOBRERS, MiEEAERBIE2 AN @sTe
G PR LIR A REIRRTARL, AT ARBASAE LT ARG ERLIE, T EA
PRI E TR 2 BOEE 1 64 B 18] 5 ARG AT R 38 ) 2L U T AR e R A2 ST B T AR R eI R
Hmh bt A RAE et A 54209 R A G IR SR B 5% H TR S A B B AT R R e e AR
R BRAES A 5 EEE EX LN EE QLR BESE

K gEiF . %Eé%,zé ﬁ?@ﬁ{ﬁ%ﬂiéy\#ﬁ’ T s # Jf 5 5 ) AR

DOI:10. 15938/j. emc. 2024. 04. 004

& 4y 2K 5 . TM930. 1 XHERFRERD A X EHES.1007-449X(2024)04-0031-10

Influence of compulsory convection on acetylene gas mass
transfer process in insulation oil

CHEN Tunan'?, LI Kang', QIU Zongjia', HAN Dong'*, ZHANG Guogiang'~

(1. Institute of Electrical Engineering, Chinese Academy of Sciences, Beijing 100190, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract :In order to optimize the sampling procedure of dissolved gas analysis (DGA) , and to improve
the universality and accuracy of DGA results, a compulsory convection method was proposed to accelerate
the mass transfer process of decomposition gas dissolved in insulating oil. Firstly, the mass transfer
process without compulsory convection was studied. And the time gas travels from failure source to sam-
pling port was measured. Secondly, the mass transfer process with compulsory convection was studied and
corresponding travel time was measured. Plus, the difference between those two travel times was dis-
cussed. Thirdly, the difference was studied among the mass transfer processes of different compulsory
convection motion periods. The research findings may serve as a reference for the development of online
monitoring equipment for bushing.

Keywords : high voltage bushing; dissolved gas analysis; acetylene; mass transfer; compulsory convec-

tion

KR EE . 2023 -04 -27
EETE .+ BHAFRAF0HEE LT B (2021135) ; F BA 5 158 A LA AT A4 (E155440201 )
EEBN . B H(1993—), 53 WML E R T @A e NREXEL B L BA AT IL;
F  E(1985—), 3 ME AR R, R T @ AEHREXELEE BRI,
FREW(1983—) , B WL M IR AT AL A RERELTEE B ALF I,
#H A(1975—) % WX SRR R T @A B A RELES L B AT,
REE(1964—), 8 ML AR AT FRFOAEHRERELTHE B LFIL,
BlEEE KB R



32 Bl 5 % f % W

428 &

0 51 §

oy T A o H, ) 7 T A 10 B L R ), TE
FEEAE RSP T 2 R, AN Y kS
JEA T SRl B2 BRI A B, I
SN2 FREE A 52 e 2 B i TR B AR
SRR, EIREREE S MR B st il R rh e AR
A R R T AR R TS W R T R A 0 4
PERE, MR EE KM EA S REEE A &
IR AT T REP S AR A By | B ik — 20 i s
v RGP, A 52 BRI AT, w ik
B R T I P A A T R 5 s B RN 2
— A ORI K 3 R S A I TR A e
W& L) R G K i 5 L R 7 TR A
TERL ) R GE P A B AR ., X e R A A 4
GRS T2 B L ) R Gas ATk b 4 32 K
A — AP , HERR DA S A Y OIS
T SR T 4 (A8 AT SE S SR, Xk L T R ST 2 A
FesE B A7 BAT 2 S AR IRA T I ,

T R SR 4 B ((dissolved  gas analysis,
DGA ) 2 X8 SR FH 48 250 4y 246 2% A1 Jo 1) e PR 260 2%
RS BEATREIN S 7 WL 07 i, BUAT SCRRER A, 2 ik
AR I 2 7 A — R B G i R — A H,
CO.CH, .C,H, .C,H, .C,H X 6 Ff {42 4 5 ity it
Gy 4 T N S N R GRS ST AR B K191
i, 2 A b G H, SR, B T AR A TR,
AR AT B KA TR L b AL IO FRL I, €, 1, 35 2
B LT O A R A AR
1, Gy Hy A B B 25 0 0 23 BN N S A TR 4%
R AR AR

B 24T DGA WY AT R, A BT 9T R W C,H,
TEL LR T I BUREZ N 1070 m?/s R, 47
R I3 i RS R B Ik BORE 11 Ak e
BERUNEE BT LT A B A T B AR i <
PRE A% BT s, g i v g AR B 2 53 20 A1, T
947 LA 28 M 2 A R DL N 1], $2 T DGA Y JBURE it
o ERIE R AR A T A A 0 A IR
FEREIR , BAT RS AL E |, B2 T A%
B AT S IMAE IR SR GE . NI, 2 TR 4 v B 4
GO A BRI AR R R
A BRI i A VS RE B8 i I 3 1) 268 Sk 7
BRI NAAL, 4G — G RREER&EZ I
FEC BSOS R 28 JEAT DGA B, B i b AR B AR
s AR

A TR AR A E i iR N EE i
RN, AR AU, FI iR
Gihim AL TR S R F R A, BeAk, iR N E
B A AR BRI T BB X it — 2
A T USRI AR A AR ER M, I & A B e
SRR S S sy e da b R S 4D
FE R DK, I A28 11438 32 1) DU ] 9, S S00URE
TS A T AR TR Vs e AR i A A 5 R AR R 1)
A B AL T R AU B R A 22 B R, BRI XTI
BAEE T DCA W HURE BT AR A1, 3B K b
REARG T 9 12 2022 7 7 48 0 26 o P S (L, 25
b RSN T B 1 i 4 D9 s R AR
57037 B A% I8 el BRURE 11 A2k 1) 246 k3 45 HAt 454 1)
A RS T — 30, A RS DA Hr () BURE
JoHR, AR v Ak W B vk e, A IR A S PR
B,

AR S — oG] g PR A e ) 446 R e i i
X LAMGE DGA BURE BT 6 19 7 4k IR iR iZ T ik
PRI PE S S, SR s R S R R
PR 2 A R s o] e S B e R AT AT, O
THRAS R 2 R 2 A B P BE T4 A s i %o it o
SRR 5 SR 5 X i i AR AE = e T S I
I FRHEA TS, O i O B 5 T I R 2 A B
I FRASE N ; B Je HE ST R R S S, 4
B AR TR, 8 3 2 B BORE F Ak 7l s A AR Y
VB SR 5 TR X R i A AR A o AR 1 R
PEATSERGI0UE , A SCHIFSE SR BES I H T R &
AL NI %E B IR S5 |

1 SEFIXTRISES FEREER N

MG EITE
1.1 BMRGEHRIRPHNERIRE

X T4 2 i i R C, R SR &, Hk B R
NF107° pl/L B R EE TR C,H, SR 4
G E T V8 TR, A5 % 0 i T TR AR 3 AT A
Fick A, C,H, RS 7E MR BEB6 B 9 3K 3l B JE 1
P, S T 5 406, BUR C,H, AR e 4
o A P G R, CH, AR L
AT Fick 55— kA

J, =-DVe, (1)

Hrp, J, FoRAARB I 5 D RoR RTE 4 2
MY R ¢ R MU, AR s ety
i, A5 Fh v B B 5 | Ak A o 3 ) AR 1k oy



54 1 5 P Bl 45 5 S o R o i TR A
dc\ _ . _ 2
(07)(] =V -J, =DV, (2)

Ho s d Fomizk Ay #sE, CH,<
IRAEAs 2t vh (4% B A S HAE A il h i B R
BD B, ¥ HRE D MR ARG Ar-
rhenius & &% NilFey

AE

D =Doexp(—ﬁ)o (3)

Hodr, D F/RIERIN T AE FR M TR 5US
fBRE; R FmEE R H B T FomiRE, Htrr s
A B C, H, SR B R B bl A TR R B T i
AR, R A Sl B IR T DAAE— e R AR
HE C,H, SARAL B A2 | s ek B (4 34 53 43 A7
2 18 B R T 48 2 A 4 A T B L A e 45 i L
FRE I TARREE Y6 [ 8 o 38 THR AR ik = AR Y™
WSO LA B, R 7 22 Aty AR 2R 7 i
AARTE L8 G v i) o AL i i A

BRYHAN , TR A FE R GE sh [ AR 5 R B Y
JE AL B X, MR T8O 5 TR
A TR AR Ak A BE ML B 5 ke %) a4 3, RV Pl A
JETA 43 F WS- 28 R 5 R B o e A e | A
&35 1) 43 1 1 B ] B 3 X Ve 40 i AN 100 i
R I TE 32 3 B9 46 2k il b, C, H, SR A A% o A X
WS Y BELRIYE , AR R T, TS SR
TR,

J, = cu, (4)
Hod w FoRTREE BRI AR Rz Bl 5]
ALY AL | T LA IAL 3 o Ok o e A [
TR T4 gm0 CH, SR 5, 120 5 T
T Sm R B, K E A T E s R,
AMFEHE— S b R T R A R B AR AR
dc

(;t)v =V J =-¢Vu-u-Ve, (5)
HH TR ¢ FRZMER R XTRGIR, Bikds 2k
T AT PR 46 B9 S A4, i T2 i A 9 T i <P
A (5)FEE—T R0, HILATE, SR P A
JOT P e B BE IR, h— A e B A s DR g T & AR
2R o RS F A | A ARV BE AR A T R R

(%) ——u- Ve, (6)

L 0, D 5 4 52 4
A 7 AR T C,H, 8, 2%
AL TR ARSI (AR C,H, VA
BRI RIS o 00, Ve i 2
e

WA BT o345 o 3 R R 5 i 33
% V] +u-Ve =R (7)
ot d 1o

Forp R R ] ¢ AR R, SR T 1 %A Y
7 A A 8 48 25 Qi e 038 375 , 246 % AT
P KR U (7)) B AT AT B fER A
FRENE AR AR BE AR AL

i TC R 2 Peclet BRI LA ALXHR 54 LS R
[ o 3k 1) LA

_Jo_w
== (8)

Hrp, L FRFEREE U R PSRN D &
N CH,AARTEL P Y B R B, H IR EE
BSR4 P 4 5 T I 1 B o]
B C,H, SRR Lm0 BOR B, XA TP
B i AL 2 () DR O S . e LU
1o [ 4 I 0 R A , insik L sh v RE RS AT R
KR R A T A, IR i C, H, SRk
5] 5041
1.2 S FESEEERNERERE

FERR 110 kV =y 248 52 B RO o7 ] Ak S 5
BRSO 5 h m RS LA TR 47,
FEEE RS IEARANE 1 R,

e ]

Pe

HEREED

Y 53 X 35

THF

mAn
~

El1 BEEEEHUXHEDR
Fig.1 Simplified experimental model of bushing
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Fig.6 Gas concentration at domain point probe
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pulsory convection
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Fig.19 Gas concentration at sampling port under dif-

ferent motion periods
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