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Table 1 Physical parameters of transformer oil
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Table 2 Physical parameters of solid material
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Fig.l1 Simplified diagram of transformer winding structure
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Table 3 Equivalent thermal conductivity of

transformer windings
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Fig.2 Wiring diagram of temperature rise test

based on short circuit method
A7 A TR PR W I AR R 25 02 kI IS 2T
T DA S AN BB o 843 A it T S AR i B
Jite JIN T A FEL I B B o

(1) it o S A5 AE B B Iz it o S 00 A5 s 2 B 453 FE
2.848 kW, 478 45 0 Z iR AL 2 /NF 1 K / h I
/DR 3 W, SRR B s . AR Bl 15
B A% A 4R B 0, i ik xR

0,=(0,+0,)/2 (21)
o o, R T2 IR EE 50, 8 IS 2 L .

(2) 78 i Jin A AR RE B B 435 3R )i <7 BIVEE A Jita i 45
FEHLR B . A BO I R L A 1 h, U R
PP AN A2 FELR 11.55 A 3B &5 oS 7 B AR R
AN MR SR Y H L LA B AR R 28 i IR R SR 4L )
SR TE o AR B B A5 AR A% SR 4L TR E 6, 1 F ik
AN

R,
02=R—1(235+91)—235 (22)

Ho, 0, Jy AR IR TR ST A BB IR 5 R, A R AR
THR 50T A4 22 25 HL B 5 0, 2 B AR THU 56 /5 1 98 41
SERITRLEE s R, A AR A0 5 B SE2H R BH.
33 EAREER

IREEIRE S 10.8 CH, i T 6 I 75 1) 728 s
LR AN - X it BE IR e I T B N 4 P

R4 TERHEBENSEFHRERIEER
Table 4 Test results of temperature of transformer oil and

average temperature of transformer windings
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Fig.3 Model of transformer winding

XHAR FE AR S 2 48 %% 3l 25 X Bk 25 4 R FH
TS 43 X AR TR AT R TR AT LA S AR R 25
BRI EAIN Z5 49 R F &0 o AR AR N
SEREE R RN G L A5 A ) o0 AN B S P 1) A4 T PR
LEAH F 4y B BT B K 1.87 X 10°, 748 [F #53& K = 4
LY () BT E B 3.224 X100,

42 (FEITEHRIFEME

TR TG A hn 287 A8 TR 2% PN 0 B 0 AR S 2 40
FERNG BARFEZ AN, PRI Ay i A g >R FH A B, e LA
705 e P S 1R LA PR AR R A8 Se L A FE AN AR R 28 TN
T ey AL BN N Nl e P/ G A V2R
JE#% A b RE AN 2 R E B Rk AR
15 BB AR 2k 2 AR AR R AL Iz R N
A5 R A2 BARAE S T Bk AR Z A
43 ZEPASHTEERBEREIFITE

FR G BEL 45K A BRSO AR 2 i SR 41 553
FCAE RN o) S A R AR IR B T iR . A
IR N 10.8 C WAE B E AT RS
FIAR i A0 e S P 4 R A R R 3 A 4 B Si e A
A5 FIE A6 T 7, iy AR S 21 78 B A ffS S v KT A7

(a) PRI



1) L/ AR {7 G-

F41%

JIi7R o SR LS 43 A T T, AR TR A e 4 R AR
JEE A 2R 2 v B A I T R 3R PR ok S 2 BT 1
7 A i 37 AR K, 2 BOE T E R B AR
sl BRI R B R 2 SRR Y G
IR, DR I 8 2 R T A8 R i v A S 2 3 T Bl 5 Se 4
RN NI e AR e A o B e s e
ZH LA I B B 8 2 1 82 P B i T o

A GEZH AR A3 A A A AR — B, e B AR
LR B IR R WS = T A B AR X R R R A B AHSE
UL F A C AR ], O SRFA  325 . RIS
TRESA N2 BB, IS i 25, Ge A
HILTE BAC S 4L i 264l By $REUS 3] B
AH T K 8 41 L B %) il 1) o A P 4 PR o PR
SR Tty 142 5 78 R 4 Yo AF 422 i, A HE S8 2 Toios
WBAY SR, BSR4 S R 78.1 °C
HIRAEAR R ZE 4] 95 % i FE AL, #OS R TR 67.3 K, #4
MR B R SRR S5 R IR 228 -2.6 C,
KR ZEA T 4%

{[IQERZE

0.05 0.10 0.15 0.20 0.25
L E /m
4 BHEB.REKARENHESTH
Fig.4 Temperature distribution along axis of phase-B

high and low voltage windings
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Three dimensional thermal fluid field simulation of 10 kV transformer
based on parameter thermal equivalence
DENG Yongqing',RUAN Jiangjun', GONG Yujia’>, HUANG Daochun',ZHAO Qingyuan’
(1. School of Electrical Engineering and Automation, Wuhan University, Wuhan 430072, China;
2. China Electric Power Research Institute, Wuhan 430074, China;
3. Benxi Power Supply Company of Liaoning Electric Power Co.,Ltd.,Benxi 117000, China)
Abstract: The three-dimensional simulation of transformer temperature fluid field is an important method to
accurately calculate the winding hot spot temperature. As the winding structure is complex, the winding
modeling and mesh generation considering the detailed conductor and insulation are difficult,and the calcula-
tion efficiency is low, which is difficult to meet the actual engineering needs. A simplification method
based on parameter thermal equivalence for the winding structure of 10 kV distribution transformer is pro-
posed. The block conductor with anisotropic thermal conductivity and equivalent specific heat capacity are
used to replace the actual winding structure,and the method is applied to calculate the three dimensional
thermal fluid field of a S13-M-200 kV+A /10 kV oil immersed transformer. In order to verify the simula-
tion model,the transformer temperature rise test based on the short circuit method is carried out. The results
show that thermal equivalent parameter method can greatly reduce the mesh number of transformer,and the
temperature calculate results can effectively reflect the axial winding temperature distribution,the maximum
error between simulation and test result is less than 4% ,which proves the validity and accuracy of the pro-
posed method.

Key words:oil-immersed transformer;thermal fluid field;thermal equivalence;hot-spot temperature
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