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Abstract

The numerical solution of the Navier-Stokes (NS) equations relies on complex algorithms such as
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operator splitting and multi-physics field coupling. However, traditional mathematical tools (e.g.,
set theory, category theory) struggle to rigorously describe the algorithm selection logic and execu-
tion process: set theory cannot characterize the dynamic operation-result relationships, while cat-
egory theory, despite its abstract and unified perspective, lacks computational feasibility. This leads
to algorithm design often depending on experience, resulting in an “black-box” execution process.
To address this issue, this paper proposes a mathematical framework based on the Generalized
Mapping Theory (GMT). Through a four-element structure of “object set-operation set-result set-
generation relationship”, it transforms the static parameters (physical quantities, grids), dynamic
operations (convection/viscous discretization, pressure reconstruction), and branch results (mul-
tiple algorithm selections) in the numerical solution of NS equations into computable tensor map-
pings. This framework not only provides a rigorous mathematical language for algorithms like cat-
egory theory but also, through the explicit nature of operations and traceable path characteristics,
makes sub-steps of operator splitting and probability weights of multi-model fusion transparent
and controllable mapping units. Taking automotive external flow field simulation and thrombus
formation blood flow simulation as cases, it is verified that the framework can accurately describe
the execution logic of different NS algorithms and support the quantitative tracking of flow field
results and computational performance. Experiments show that compared with traditional descrip-
tion methods, this framework enables the realization of mathematical consistency in algorithm se-
lection and interpretability in the execution process, providing a new tool for the standardization
and transparency of NS equation numerical algorithms.
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