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Fig.1 Streamline diagram
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Fig.2 Heat conduction process of flow line microelement
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Fig.3 Distribution parameter model of steady state

heat path model of streamline element
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Fig.4 Thermal path model of steady distribution

parameter of streamline
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Tab.1 Training samples

KA P P, h/(W/(m’:K)) T, T

W5 /W /W h h, hy, /% /C
1 30 40 4 8 10 10 59.34
2 30 50 6 10 12 15 64. 45
3 30 60 8 12 14 20 70. 17
4 30 70 10 14 16 25 76. 31
5 30 80 12 16 18 30 82. 67
6 40 40 6 12 16 30 74.77
7 40 50 8 14 18 10 56.70
8 40 60 10 16 10 15 76. 10
9 40 70 12 8 12 20 85.42
10 40 80 4 10 14 25 93. 81
11 50 40 8 16 12 25 79.03
12 50 50 10 8 14 30 88. 40
13 50 60 12 10 16 10 69. 18
14 50 70 4 12 18 15 77. 64
15 50 80 6 14 10 20  101.95
16 60 40 10 10 18 20 73. 86
17 60 50 12 12 10 25 94.76
18 60 60 4 14 12 30 103.29
19 60 70 6 16 14 10 82.22
20 60 80 8 8 16 15 91.21
21 70 40 12 14 14 15 77. 47
22 70 50 4 16 16 20 86. 05
23 70 60 6 8 18 25 95.10
24 70 70 8 10 10 30 121.22
25 70 80 10 12 12 10 97. 60

F2 MXEEARE
Tab.2 Test samples

A P, P, h/(W/(m*-k)) T, T
H5 /W /W h h, h, /C /C
78 53 17 13 12 27 102. 04
47 73 9 9 11 16 90. 60
62 45 10 11 13 18 81. 66
47 11 6 9 36 90. 70

24 26 7 8 10 18 53.45
86 21 9 12 16 9 71.25
25 89 7 13 15 18 78.79
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Fig.6  Flow chart of transformer hot spot temperature

inversion method
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Fig.8 Three types of main streamline graphs
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Tab.3  Error comparison of three types of streamline

temperature inversion

WA equs/C enap (%) ey (%) €,/ (C )2
1 0.1153 0. 1255 0.0707 0. 0067
0.1162 0. 1265 0. 0705 0. 0069
5 0. 1199 0. 1216 0.0757 0. 0053
0. 1099 0. 1286 0.0611 0. 0066
1. 6918 2. 0062 1.0410 0.2177
3 1.8110 2. 1566 1. 1265 0.2111

IR AT IR A s AL B R R, BRI

(1) 4% REAF L 75 AR AR B i, e HE 2 ~
5 A RIS S.(6 ~ 15 A4S) SO N, S 15 22
W9 Bz, He n it i 8K

0.22 0.20

0207 : 0.18 —;
© 0.8} 17, S 7
20161 % A 2016 X
v ¥ s A
014} / A
&/ 0.14 A
0.12 |47 Y
010 — ‘ ‘ . 0120 . .
2 3 45 2 3 4 5
n n
(a) ERMSE (b) eA\I:\PE
012 0.04
[ ]
o 0.03
010 i EIe) . $
5 X =00 pes
< 0.08 v n
: 0.01 =X
0.06 L— ‘ ' ' 0
2 3 4 s 2 3 4 5
n n
(C) eMSPE (d) emse

= 15 o 25%E A 3EHAE v 4SWK

K19 i IR B e b e s Y S i e 22
Fig.9 Inversion error in choosing shell point

according to distance

(2) 4L MRA IR 220 Ty AR [k Ad e+ 2 ~
5 FIHAME R (6 ~ 15 A4S R HGE iR 2% |
ZER A 10 FiR,

FH T 9 W, AR B BB A LT SRR 2 i
J T 1 2 TG I S R 5 T ph T 10 AT DL i R 2% 3
PRURE T, AN ) 2 1 oz i i 2 HL A R [ R
ST Bt T BB 1 s e R 22 R A
SRR 25 B R IR 2 AN TR 4R I Y s TR 22 3 e
/N HEI10(d) AT, M 3EEE 2 AU gk AR AR I
A SVR LG HER 24 e, W ER/N, HITE
PRIk BRI I, 4 IR B B A TR
It H e 22 Je R M PRI AN T 2 s 2R A T B S T AR
At



& HF L BEVTEE  ZRA S, HET R A SVR MYASIE SR O e[ )], B T BRI, 2018,37(11) 12331, 29

0.22 0.18 = 3
0.20 i =
_ - 3
© 018 V. So.16 e
2016 Zl .
v v NS
0.14 ol 0.14 y
A A v
012 4 M
01— 0.12
> 3 4 5 > 3 4 s
n n
(a) eRXISI', (b) eM.\l’I‘:
0.10 0.04
009 K | 003}
S v |5 ‘
oot g 002 ! P ;
007p & " 001}
0.06 Y 0
> 3 4 s > 3 4 5
n n
(c) eMSPE (d) emse

= ISHE e 25WE A3SHE v4I4SWRAK
BU10  Fi IR 22 e Ah e s I A B it iR 22
Fig. 10 Inversion error in choosing shell point according

to temperature gradient
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Fig. 12 Error comparison between streamline method and

traditional method for hot spot inversion
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Transformer hot-spot temperature inversion method based on
streamline and support vector regression

QUAN Yu, RUAN Jiang-jun, GONG Ruo-han, CHEN Jing-zhou, JIN Qi, WEN Wu
(School of Electrical Engineering, Wuhan University, Wuhan 430072, China)

Abstract ; The transformer hot-spot temperature is one of the important factors influencing the running state, physi-
cal condition and insulation life of the transformer. In order to avoid the adverse effects of optical fiber implant on
hot spot temperature, a method of hot-spot temperature inversion and streamline based on SVR and streamline is
proposed through the analysis of the thermodynamic equations in oil circulating. Taking a 10kV single-phase trans-
former model as an example, the numerical temperature field calculation of different heat source, heat transfer coef-
ficient and environmental temperature is carried out. Then, three kinds of main streamlines are extracted, and the
inversion results of hot-spot temperature under different streamline points number and location, together with differ-
ent streamline root number have been studied. Tt is concluded that choosing streamline which is through the hot spot
and the transformer shell at the same time can get better inversion results. In addition, in a number of these stream-
lines, only choosing one streamline and selecting two points of the maximum difference in temperature can get better
results. It can obtain the minimum error and the error was within 0. 5 degrees by using the shell point corresponding
streamline point to invert the hot spot temperature. This method realizes that the measurement of the characteristic
quantity is completely non-implantable, has a higher precision than the traditional method, and provides a new ap-
proach for monitoring transformer condition constantly and predicting the hot spot temperature as well.

Key words: streamline; support vector regression; non-implantable; hot temperature; inversion model



