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Simulation Analysis and On-site Temperature Rise Test for Studying Mineral Insulating Oil
Directly Replaced by Vegetable Insulating Oil in Distribution Transformer

HE Qing, RUAN Ling, LUO Wei, WANG Ruizheng, XIONG Hu
(State Grid Hubei Electric Power Research Institute, Wuhan 430077, China)

Abstract: In order to study the 10 kV distribution transformer, the effect of the vegetable insulating oil on the tem-
perature rise characteristics of the transformer was replaced by the vegetable insulating oil without changing the
structural design and manufacturing process of the original mineral insulating oil transformer. The S;;-M-315 kVA /
10 kV distribution transformer, which is exactly the same in the design and processing process, is used to fill the
Karamay No. 25 mineral insulating oil and FR3 vegetable insulating oil respectively. The two transformers are oiled
by Ansys CFX simulation software flow and temperature simulation of the two transformers in the simulation of the
temperature rise in the experimental differences, and through the actual temperature of two transformers on-site test,
compared with the vegetable insulation oil directly replace the mineral insulation oil after the transformer tempera-
ture rise performance. And the physical and chemical properties of vegetable insulating oil are used to analyze the ex-
perimental data. The results show that, for the 10 kV distribution transformer, without changing the original mineral
insulating oil transformer design structure and manufacturing process conditions, with FR3 vegetable insulating oil
directly replace No.25 mineral insulating oil, vegetable insulation oil transformer overall temperature rise than min-

eral insulating oil. The transformer is about 3~6 K, but still satisfy the GB 1094.2—2013 “power transformer part 2:
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liquid immersion transformer temperature rise” standard temperature limit requirements; in the same temperature
conditions, the vegetable insulation oil in the transformer, the oil flow rate is significantly slower than mineral insu-
lating oil, in this case only 1/2 of the mineral oil flow rate, which is the reason for its high temperature rise. In the
transformer oil flow velocity and temperature hot spot distribution, the vegetable insulation oil transformer and miner-
al insulating oil has the same trend, the two transformer temperature points are concentrated in the upper part of the
middle, and the outer side of the high-voltage winding temperature higher than the inside of the low-voltage winding
temperature; two transformer oil flow velocity maximum appears between the upper windings. Both the field tempera-
ture rise test and the simulation verify the above conclusions. Finally, according to the conclusion of the study, the
ways to reduce the temperature rise and increase the temperature rise limit of the vegetable insulating oil distribution
transformer are put forward respectively.

Key words: 10 kV vegetable insulating oil transformer; directly replace; simulation; field test; comparative analysis
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Table 1 Parameters of transformer
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Table 2 Main heat source parameter of transformer
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Table 3 Thermal parameters of insulating oil
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Fig.4 Comparison of velocity vector distributions in

transformer oil flow field

NI 4 n] 1, P 5 728 s g 448 2 ) I 30 7 1) 2
S Fh R R A8 TR 1o B8 v 1) AT B0, L il AT
JE R RN T EARGEL Z 1] . FR3AEY) 25 5%
A i B M N 0.08 m/s |, 25 50T W 4 2kl
8 e B i ML 12 0.15 m/s , LE FR3 A 48
AL AU g 14

12 3 A1, FR3 Al 7% % s sh 36 | 1L
PR TR AT R TAL G 25 50 Wi, #4
T 2R RO 3 22 AN R o Hoh B K22 AR B A 18

BIEEEE HE 40 CF , FR3 FE W 46 2k 332 2y 2 5 nl 3k
PMESE 25 5 Wil B 3.4 4%, B % IR B A9 T, FR3
T ) 265 5 T 32 Bl Rk FE AR /0N | W 3 25 DR T W 0/
DR, 7 R 2 R BE 45 PF T L FR3 M4 26 i () i sh vk
FA WA G 2% T AR, DT 52 e B PR R
242 RBESHSHK

VENT EIRBTIRE N 25 °C. FR3 R 45 4 i
A5 T T 25 51 1) 246 50 7 e A B 3 43 A = 4k
D5 BT LR L S

MNTELS BT, T 15 48 g o (8] S 4 3 B 34 L
s Ge Al , BERGRAL L T ARG AL s AR T AMU Y
1o R SR 2H ek B LU PR ) P A1 B 2 T v

FR3 M Y 46 5 i 728 2% 5 25 50 W 4a 2 i A2
FE#R R B S B A R LR 4,

M 4 FTHI, PR3 A 4 4 25 3l A% 1 45 T B 4 1A
b 25 S W4 i v 24 3 ~ 6 K, He v i TR 2R 413
A3 B, AR R S TR AT 2500 6 K 46 2k il
Sr B GEAAR, YR T A 22 3.4 Ko R AR
JE A Uik 7 B2 R B R GB 1094.2—2013
QL 78 4 565 2350 40 - Wi Q28 T 25 1 U P ) s
BR,

3 BRI

X A S,—M—-315kVA/10kV£2X2.5% [t H1 25 [
A TE IR AN , 08 7 v R FH i i g 2,
3.1 FHRMAFBFELR

FEFEAT TR T, X 15 48 R 48 T R R
W ECE SR RN W ARSI a1 - T % S TN i
it ) 2 TS AR B BB AR . SR T
Y 25 R AR RN 75 CS % R BE T 1Y T g FE 2 At

BATH] . PGS e AR 50 15 2 Y 25 FAE A
EAAFE NS5,
32 HmiEFLe

A5 WL 6.

32,1 BARBLER

IRTHRIG IR BT 17 ~20 C. W H A R4
P78 TH 0 A I 285 SR 43 ) WL 6 .7

X H R 6.7 RIAT, FR3 A W) 4 2% i 78 R AR AH L
25 5 W 46 Gk I AR e A AR IR T R o P2k
TR 2.5 ~45 K, LB #OTR T & 4~64 K, Hi
FESEYL R T HAR He S8 2 15 5 T00)23 T8 - Rk ~F 35 7
T3l 5 KA3.3 Ko Bl il g6 45 1 5 07 1
IR RM—3., BMEEEREF R LR
I /£ GB 1094.2—2013( H J) A8 FR 48 56 2 3 00 - W i=
AR Fe e IR ) PR E 220K



204 20194F9 /1 Enéz H55% 4o
(557:1; x4 BEZHBEITE
. Table 4 Simulation calculation value of
344.6
temperature field K
341.8
FR3fH 4 2% 2550 WA %
339.1 it H S -
AR A% AR R A% T
336.4 . .
i FE R (R 19 S
. - 284 2 25 1] ]
RE:K PR
3495 4795 4245 42.30 3775 65
346.1 -
Sered PSR 74.30 68.40 78
2 N . - . -
357 AT
%Ié ToER i T 41.20 37.10 60
%ig SEEh IR T 37.75 34.35 —
%%% \ ZEF 44.60 39.90 —
x5 THHMBEMAFMFRVER
Table 5 Test results of no-load loss and load loss of
distribution transformers w
(a) FR3 fHA 42 A8 15 2%
K WA AR EIFE  ARIFETS C)  BRE
3414
FR3 M4 4%
387 3743 4130
e A7
336.9 '
255 H U %
398 3817 4215
334.6 7R He e
3324
K
340.6
337.9
335.1
3324
329.6
326.9
3242
3214
igig; Eo6 MipBHAXLE
3132

(b) 25 S WLk AR L 5
Bs5 TEHFEREZDHXTEE

Fig. 5 Comparison of temperature field distribution

of transformers
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Fig. 6 Temperature rise test on-site
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Table 7 Temperature rise test data of mineral insulating

oil transformer K
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Fig. 7 Infra-red spectrogram in temperature rise test
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Fig. 8 Temperature rise operation diagram
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