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Abstract: Load capacity and operating life are governed by the hot spot temperature of the transformer windings. A three-
dimensional electromagnetic-temperature-fluid coupling model including the shell heat sink is established with an S20-M-630 kVA/
10 kV oil-immersed distribution transformer as the research object. Aiming at the problems of complex internal structure of the wind-
ing, poor mesh quality of the fluid-solid boundary layer, and low computational efficiency, a winding parameter equivalence method
and a hybrid mesh profiling technique combining mapping profilings and free profilings are proposed. The method not only
significantly improves the accuracy of the calculation of the winding hot-spot temperature, but also optimises the mesh quality of the
fluid-solid boundary layer, which significantly improves the calculation efficiency. The results show that in actual transformer opera-
tion, the winding temperature distribution can be effectively reflected by the winding parameter equivalence method, and compared
with free profiling, hybrid profiling reduces the overall number of 3D meshes and simulation time by 73. 60% and 82. 50%. The rela-
tive error between the simulated and experimental values of the winding hot-spot temperature shall not exceed 1%.
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Fig. 2 Basic model of iron core and winding
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Fig. 3 Transformer simulation model
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Tab. 2 Distribution of transformer losses under rated load
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Fig. 4 Heat transfer method of transformer
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Fig. 5 Equivalent schematic diagram of winding

PORHE B T AT B FABH R, AR S d 5 G
k)56 R = (10) R
R, = dlk (10)
EEGRAR A 4 Gl , LR 2 5 22 h]E
A AR ZIM AR, ) S R B84 A% 1) S5 R BE T =X
(TR
Ry, =Ry, + Ry, + Ry (11)
K R NGEAIR M AFRABE ; R, R T T
HEH s Ry W FERAGIE IR ; R, WA SN ATHA
FH. A1 (1) n] A5 2 5 TR Se 4 BRI A I FA TR K
X (12) R

‘o d.k ok,

d. k,k, + dok k, + dk k,
Kb d ABHR I EIREE ;s d, WA AR SR
JE; d, WAR MG E RREE 5 d AR I 4a Sl AR 5
JERE ;s kN EAR SR SR T R kAR
LR FIRZ LR INT R b W R AR IR 4 2 4K
p S R

R GEA sl Ty ] b T AR AL AR,
HAe i bS58 B an = (13) s .

Ry, = Ry + Ry (13)

K Ry W R RS 5h 17) FRAEH 5 Ry M
BH s Ry M HR TR A SRR I

[Fi) 2T A5 8 s 28 4 AT ) S T R K X
(1) Fis .

(12)




108 FEITRMEEA

%20 &

kk,(d, +d,)
d k, + dk,
Ko, Rl AR s d, I A 08 R
JERE
H TR RSS20 Rl FE 28, 4 3R 0 A a2
WIRE, WK RS A% m S = (15) iR o
Ry = Ryt + Ris (15)
K Ry WIRESEA AR ) RO 5 Ry HH T
SRZIBE; Ry WAL ARG
1 3 (15) AT AR R Se A AEAR 1) L (R AF R R
K an=(16) iR .
d.k k,
Ka="a.k +d k.
K d WIRESGARE M BERE; d,, WK
B R SRR s d, A ARHEAR ) 4 SR AR BB
B G AE Rl ) ORISR AR, SO R SE A Bl
R TR R SR TR
2B U =N (W ATEZ AR Y G a s Wk s e el 2]
WA RGmIERR I, W 6 firR .

&= T TN

K, = (14)

(16)

I
I
)

|
|
|
|

E6 BRESARBESEHRIEE
Fig. 6 High and low-voltage windings together with oil channels
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Fig. 10 Temperatures distribution of iron core
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Fig. 12 Temperatures distribution of transformer shell
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