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Abstract: Accurately calculating the temperature distribution of oil-immersed transformers and seeking optimization
methods are of great significance for equipment operation and maintenance. Firstly, the three-dimensional equivalent
model of 35 kV oil-immersed transformer is established. The hysteresis characteristic of transformer core material is sim-
ulated by the Jiles-Atherton model, and the loss density distribution of core and windings is obtained by magnetic field
calculation. On this basis, the loss density is taken as the heat source, and the temperature field and flow field simulation
results of the transformer are obtained by fluid-thermal coupling calculation. According to the calculation results, the
temperature distribution in the core and windings and the oil flow velocity distribution in the cross section are extracted,
and the maximum temperature and velocity curves of heat sink are drawn. Finally, combined with the central composite
design and simulation analysis method, the hot spot temperature of transformer under different radiator structure parame-
ters is obtained, the support vector machine model between hot spot temperature and structure parameters is constructed,
and the optimal parameters are obtained by particle swarm optimization. The hot spot temperature of the transformer is
15.12 K lower than that before optimization, and the relative error between simulation and model prediction results is
6.42%, which verifies the effectiveness of the optimization model. The results show that the optimization method can be
adopted to significantly reduce the hot spot temperature of the transformer, which provides a new idea and reference for
the optimization design of the transformer.
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Table 1 Main electrical parameters of transformer
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Fig.1 Three-dimensional equivalent model of transformer
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Table 2 Parameter identification results of J-A model
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Fig.3 Comparison diagram of B-H curve
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Fig.4 Root mean square error variation curve
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Fig.6  Volume loss density distribution of windings
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Fig.7 Heat transfer process of oil-immersed transformer
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Table 3 Material property parameters
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Table 4 Convective heat transfer coefficient on the surface of

transformer
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Fig.8 Boundary condition schematic diagram
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Fig.10 Overall temperature distribution of transformer
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Fig.11 Oil flow velocity distribution of transformer
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Fig.12 Temperature distribution of core and windings
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Fig.13  Oil flow velocity distribution in YOZ plane
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/ﬁ%&&
-l | 11

MilFe] 123456789101112

B 15 3 4Rk ii i

Fig.15 Three-dimensional cut line selection

FH A 5 T R R 2R T 0, 0 e A 00 1 15
PR, BB 2 AR A ERR, i
SmAR B R R, 3 B I S i
B4y h 348.23 K. 346.17 K Fl 341.55 K, 4357
T 45, 35/ 1 SHEN.

350

48} n
348tu
346} ~9 |

344}

§ 342 L\

R IR

fE 340F W |

# g e \ “ . A " A
336} e

334}

332+
B R FS
K16 MO f il P A 26

Fig.16 Maximum temperature curve of heat sink
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Fig.17 Maximum flow velocity curve of heat sink
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Fig.18 Radiator structure optimization process
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Fig.19 Radiator structure parameter selection
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Table 5 The value range of optimization variables
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d/m [1.28,1.36]
d>/m [0.56,0.6]
ds/m 0.008,0.012]
dy/m 0.033,0.041]
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Fig.20 Hot spot temperature curve of test sample
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Table 6 Hot spot temperature calculation results of test

samples
75 di/m da/m ds/cm ds/cm ds/m Tmax/K
1 1.303 0.572 0.92 3.87 0.062 356.19
2 1.337 0.572 1.08 3.87 0.062 353.46
3 1.303 0.588 1.08 3.87 0.058 352.89
4 1.303 0.588 0.92 3.87 0.058 359.26
5 1.303 0.572 0.92 3.53 0.058 355.02
6 1.320 0.560 1.00 3.70 0.060 346.97
7 1.303 0.588 0.92 3.87 0.062 355.85
8 1.337 0.588 1.08 3.87 0.058 345.99
9 1.320 0.580 0.80 3.70 0.060 358.34

10 1.303 0.572 1.08 3.87 0.058 349.07
11 1.320 0.600 1.00 3.70 0.060 350.92
12 1.320 0.580 1.00 3.70 0.060 368.83
13 1.303 0.572 0.92 3.87 0.058 34591
14 1.337 0.572 0.92 3.87 0.062 360.35
15 1.320 0.580 1.00 3.70 0.060 368.83
16 1.337 0.588 1.08 3.53 0.062 361.09
17 1.303 0.588 0.92 3.53 0.062 353.06
18 1.303 0.572 1.08 3.53 0.058 352.13
19 1.337 0.588 0.92 3.53 0.062 343.94
20 1.320 0.580 1.20 3.70 0.060 348.08
21 1.303 0.572 0.92 3.53 0.062 357.46
22 1.337 0.572 0.92 3.53 0.058 353.96
23 1.320 0.580 1.00 3.70 0.056 353.17
24 1.320 0.580 1.00 3.70 0.060 368.83
25 1.337 0.572 1.08 3.87 0.058 355.95
26 1.303 0.588 1.08 3.87 0.062 364.18
27 1.320 0.580 1.00 3.70 0.060 368.83
28 1.337 0.572 0.92 3.53 0.062 359.98
29 1.337 0.572 1.08 3.53 0.058 345.75
30 1.320 0.580 1.00 3.70 0.060 368.83
31 1.337 0.572 0.92 3.87 0.058 361.93
32 1.320 0.580 1.00 4.10 0.060 351.96
33 1.320 0.580 1.00 3.70 0.064 351.86
34 1.320 0.580 1.00 3.70 0.060 368.83
35 1.320 0.580 1.00 3.30 0.060 346.71
36 1.337 0.588 1.08 3.87 0.062 34232
37 1.337 0.572 1.08 3.53 0.062 353.18
38 1.337 0.588 0.92 3.87 0.062 347.15
39 1.320 0.580 1.00 3.70 0.060 368.83
40 1.303 0.588 1.08 3.53 0.062 365.15
41 1.337 0.588 1.08 3.53 0.058 363.15
42 1.360 0.580 1.00 3.70 0.060 359.22
43 1.303 0.588 1.08 3.53 0.058 348.77
44 1.337 0.588 0.92 3.53 0.058 351.88
45 1.280 0.580 1.00 3.70 0.060 354.95
46 1.303 0.588 0.92 3.53 0.058 354.53
47 1.320 0.580 1.00 3.70 0.060 368.83
48 1.337 0.588 0.92 3.87 0.058 349.82
49 1.303 0.572 1.08 3.53 0.062 363.07
50 1.303 0.572 1.08 3.87 0.062 343.69
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Table 7 Optimal parameters of radiator and hot spot

temperature

S8 di/m dr/m dz/m dy/m ds/m Tmax/K
HE 1.2857 05628  0.0108  0.0387  0.0617 342.58

i BE/K
346
344
342
340
338
336
334
332

K21 RIS HCT AL A A
Fig.21 Temperature distribution of transformer under

optimal parameters
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