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Decoupling Study on Influence of Convective-radiation Boundary on Transformer
Temperature Field

LU Fei', WANG Shengkang®, LI Haobo®, LU Yangze', WANG Wei’, LIN Fuchang’, LI Hua’
(1. Electric Power Research Institute, State Grid Hubei Electric Power Corporation Limited, Wuhan 430077, China; 2. School of
Electrical and Electronic Engineering, Huazhong University of Science and Technology, Wuhan 430074, China;

3. State Grid Hubei Electric Power Corporation Limited, Wuhan 430077, China)

Abstract: The convection-radiation boundary is the most important heat dissipation method for oil-immersed trans-
formers and has a decisive effect on the internal temperature distribution of the transformer.In this paper, the convec-
tion boundary and radiation boundary of the transformer are studied in combination with the basic theory of heat
transfer and the actual structure of the transformer, and the current method of directly characterizing the radiation
heat transfer intensity by the material emissivity is revised.The concept of effective radiation rate is proposed in com-
bination with the transformer structure so to make radiation boundary calculation more accurate. The influence of dif-
ferent environmental conditions (wind speed,ambient temperature) on the convection boundary and radiation bound-
ary of the transformer is analyzed by setting up a three-dimensional fluid-temperature field model of a 110 kV oil-im-
mersed transformer, which provides guidance for the determination of boundary conditions in finite element analysis
and calculation.

Key words: transformer; electromagnetic-fluid-temperature field; convection-radiation boundary ; ambient temper-

ature; wind speed
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Fig.1 Heat transfer process inside the transformer
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Table 1 Thermophysical properties of air

AX10%  kx10%/  vx107
TIC  plkg-m™) 7 ] P
[W-(m-K)"] (m’-s”) (m’-s™)
-30 1453 2.20 149 1080 0.723
-20  1.395 2.28 162 1161 0716
10 1342 2.36 174 1243 0712
0 1.293 2.44 188 1328 0.707
10 1247 2.51 200 1416 0.705
20 1.205 2.59 214 1506 0.703
30 1165 2.67 229 1600 0.701
40 1128 276 243 1696  0.699
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Fig. 2 3D model diagram of the outer air bag of the

transformer casing
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Fig. 4 Schematic diagram of transformer

radiator structure
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Table 2 Main technical parameters of transformer
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Fig. 5 3D structural model of oil-immersed transformer
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Table 3 Transformer solid region material

physical parameters

R/ FRERY HL
1:@#': -3 -1 -1 -1 -1
(kg'm™)  (Wem"-K")  (J-kg"-K")
LRI 7 650 45 460
Leof] 8900 385 390
EEN(E T 7 850 50 485

T4 TESF[HYIEBSH
Table 4 Transformer oil physical parameters
e Rk <l

2 Epl (kg m™) 1 098.72-0.712T
SHEEE/(W-m™ - K™) 0.159 0-7.101x10°°T
TR W/ (kgom™+s™) 0.084 67-0.000 4T+5x107'7°
EE /(- kg! - K) 807.163+3.58T

RS GAMBOHEINERZE

Table 5 Winding and core power density ratings

P SIFE/W AL /(W -m™)
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Fig.7 Surface temperature field distribution of

oil-immersed transformer
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Fig. 8 Oil velocity distribution of longitudinal section

along the length direction of the central part of
the transformer
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Fig. 9 Temperature distribution curve of high and low

voltage windings
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Table 6 Comparison of hotspot temperature values

calculated by simulation and national standard

i BIEE KRB BIERR  RABIERL
REC MUEIC TUEIC 1% BURZE%
1.00 7550  69.50  77.30 23 10.1
0.60 5420 4990 57.13 5.4 12.7
080 6739 6199 7148 5.7 13.3
1.15 8697  80.01 9253 6.0 13.4
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Fig. 10 Winding temperature distribution as a function of

ambient temperature
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Fig. 11 Winding temperature distribution as a
function of wind speed
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Fig. 12 Convective (radiative) heat transfer coefficient as

a function of ambient conditions
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