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Abstract: To address the low computational efficiency in thermal-fluid coupling simulations of
transformers, an optimization method based on adjoint-based adaptive mesh refinement is
proposed. Firstly, a 110 kV oil-immersed self-cooled transformer is investigated, and a two-
dimensional full-scale closed-loop thermal-fluid coupling simulation model is established. The
finite volume method is employed to solve the temperature field and oil flow field distributions.
Then, an error indicator for the thermal-fluid coupling of the transformer is constructed based on
the adjoint error estimation method, and a mesh adaptive refinement strategy is formulated to
achieve adaptive mesh encryption in the simulation region. Finally, the adaptive mesh refinement
method is applied to thermal-fluid coupling numerical calculation models dominated by triangular
and quadrilateral meshes, and the effectiveness and applicability of the proposed method are

verified through comparative analysis. The results show that the adjoint-based adaptive mesh
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refinement method significantly improves the computational efficiency of thermal-fluid coupling

simulation models while ensuring calculation accuracy, reducing simulation time by over 50%

with a computational error no more than 6%. This method is applicable to different types of two-

dimensional meshes, with particularly notable optimization effects for triangular meshes.

Keywords: oil-immersed self-cooled transformer; thermal-fluid field coupling; simulation efficiency

calculation; adjoint error estimation; adaptive mesh refinement
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Fig. 1 Schematic of interpolated points for a cell
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Fig. 2 Procedure for adjoint-based mesh adaptation
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Fig. 4 Distribution of transformer temperature and flow velocity
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