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Numerical Simulation of Oil Flow Distribution and Winding Temperature Rise in UHV
Converter Transformers
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Abstract: The oil flow distribution and winding temperature rise of utral high voltage(UHV) converter transformers are
crucial for optimizing design margin and enhancing operational reliability. For UHV converter transformers with
oil-directed air-forced cooling method, the influence law of the hole parameters of the oil guide box on the oil flow dis-
tribution and winding temperature rise is still unclear. There is a lack of clear theoretical guidance in engineering design.
In this paper, the computational fluid dynamics (CFD) method is employed to analyze the oil flow resistance and flow
distribution within different windings. The temperature-rise distribution characteristics inside the windings are investigat-
ed, and the effects of the hole diameter and the number of holes in the oil guide box on the oil flow temperature rise are
further explored. The research results show that the flow distribution within different windings is dominated by the flow
resistance inside the windings. The maximum error between the simulation data and the experimental data is less than 3 K,
which verifies the accuracy and reliability of the simulation model and method. The temperature rise of grid-side and
valve-side windings shows a periodic spiral upward trend as the axial height increases. The diameter and the number of
oil inlet holes on the grid side (valve side) mainly affect the average temperature rise and the hot-spot temperature rise of
the windings on the same side, and have a negligible impact on the temperature rise of the windings on the other side. By
appropriately reducing the number of oil outlet holes or decreasing the hole diameter, the temperature rise of the grid-side
and valve-side windings can be significantly reduced. The research results can provide a technical support for optimizing
the oil flow distribution within the windings and regulating the winding temperature rise.

Key words: UHV converter transformer; oil flow distribution; winding temperature rise; oil guide box; numerical simu-
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Fig.1 Schematic diagram of UHV converter transformer
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Fig.4 Contour maps of temperature rise
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temperature rise
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Fig.13  Effect of hole diameter on flow resistance
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Table 3  Effect of grid-side oil inlet holes on winding
temperature rise
A A iR
HEMAL il PR ReGR PR HuEiR
Hitmm  HH JHK - JFK JHK - JHK

20 40 35.3 50.4 32.6 474
30 40 322 46.1 333 48.7
40 40 32.1 458 33.6 49.4
50 40 31.8 449 33.8 49.8
40 30 324 46.1 33.4 489
40 20 33.2 479 333 48.7
40 10 349 50.8 329 48.0
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Table 4 Effect of valve-side oil inlet holes on winding tem-

perature rise

i ) R [
bl dEhdL PSR PR PSR HuiR
BHft/mm  HH JtK K WK FHK
20 40 30.8 43.2 354 533
30 40 321 45.8 33.6 49.4
40 40 32.0 46.2 332 483
50 40 34.6 50.8 33.0 48.2
30 30 31.8 44.9 338 49.9
30 20 313 44.2 342 51.6
30 10 29.9 42.0 37.8 59.2
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