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Molecular dynamics study on diffusion behavior of furan molecules at
oil-paper interface under different overheating conditions
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Abstract: Furan molecule is one of the important characteristic products of insulating paper pyrolysis during local thermal
failure of oil-immersed transformer, and the detection of furan molecules content in transformer oil is an important off-line
testing method to assess the operating condition of transformer. In order to clarify the diffusion process of furan molecules
from insulating paper to insulating oil and its correlation with temperature labels of local overheating fault, molecular
dynamics methods were used to study the diffusion process of furan molecules from insulating paper to vegetable oil based
on nanoscale oil-paper interface models under room temperature (300 K), low temperature overheating (500 K), medium
temperature overheating (750 K), and high temperature overheating (1 000 K). The results show that with the increase of
temperature, the diffusion coefficient of furan molecules in oil-paper insulation increases gradually, and the number of furan
molecules diffusing from insulation paper to vegetable oil changes closely with temperature. There are few furan molecules
diffuse into vegetable oil under 300 K and 500 K. Under the temperature of 750 K and 1 000 K, some of furan molecules
diffuse into vegetable oil, and the molecule number increases with temperature. The above simulation results are consistent
with the empirical basis that furan compounds can be detected in local overheating fault of medium and high temperature in
oil-immersed transformers.
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Fig.3 Structural model of the oil-paper interface

A R BGH BE (7>700°C ) o K] I A ST 300,
5007501 000 K 73 A AR AL & 4% 1EH TO0 - Js 1K
T A R B o R I AR R s TR AR IR
FHF A0 TE 5 R e s ik R 4% A T Wk R 43 1 1 HR
RERE . BRI SR 2R IS AT I IR R R R AN &
B BRI L AR AR T B E A K RBE il -4K
i T TR AR 2R AR T 88 R AR R 8 I B R R SR
TERE , AR SRS 2 7l 110 8 A i

18 5E AR AL AT s T4 )5 » K FH COMPASS 7137, 1%
Y Nose I B 425 il #5 XA 4K 5 1) 57 10 A5 B 47 )
9500 ps. KA1 fs BINVT 4> 13 11 244 5 (T=
300.500.750.1 000 KO , F LA 1 ps/Mit 1) 4 25 14T 24
R4 H TR R AHCVERE T M Ge i1 3, it
M0 43 AT 7 A [ i 15 T VO R 4 1 76 3 — 4R S T A
9 #AT A
2 BEEREBIESH

2.1 BRI TR AR E

IR R 7 15 il — 4R 48 5 Hh 9 BT s Az sk
&7 BLH ¥ 5 AL # (mean square displacement,
MSD) Hfi 28K 38, 1% i 26 2 s H AR 7> 715 ¢ I Z1
s B 5 LA AR I 2040 B B RR RS . KL TR
I 1) 32 2 B s v, e 2 05 AR AL 2 S I I Ta] i
(7, DB E R 32 75 T 20 1 S Bl T E 1A IR SE
9. MSD KSR MO R .

o = {1, (1) = 1,(0)]) (D
O r, (1) Rl r, (0) 73 ARG T1E ¢ 1 ZI A1 0 1S
ZIRIAL B R < >3RS B R GE it

FHABRERMLE N T BEINEES
T, IR BOBOK , A TR 2 13 O R R R 4
/N JFC I IR 18] 6 R 1) BT S8 1) 38 3 BE ) s . )
T — 4R S R A e R R IR 2y 1T E S TR AR
B, 2 B 27 48 3R 00 1 O BRI 20 1) R 28 E 0



124 PR ANEE IR AR T R 2 AR i - AR S I BT NI > B S

85, S0 1 T 7 5 5 T T~ 4 ST R o) MA 4 50 4
FHCE R b . W2 T YR B D T L
TENCILE S

&S - r O = ta @

A NI R BRI 73 B BB 5 n R I 7] 20
K s a J2& XF IR IR 4 - MSD il 2k i3k 4T 26 M 0L & 1)

A i A 1EH T AR A (300 KO« Jaj B AR il 1 #4
HUBECIR A (500 KO oy 8 il i B Bk 2 (750 KO
JR3 8 v i e B4R CIR 25 (1000 KO R BRI 23 1
MSD i £k [z FL A0l A5 i 26 4 &) 4 Fror , B se 2
MSD i 25 , i 22 40 & il 26

1200

—— — - - -300K
10001 —

A/M
0 100 200 300 400 500
5 8)/ps
B4 AELIRE T M-4K P rkiE5 FrIMSD fhzk

Fig.4 MSD curves of furan molecule in oil-paper interface at

different temperature
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Fig.5 MSD curves of furan molecule in oil or paper
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Fig.6 Centroid trajectories of all furan molecules at

different temperature
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Fig.8 Relative molecular concentration distribution of furan

molecules before and after simulation at different temperature
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