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A new paradigm for fast global convergence solution of the N-S equations, realized through
novel linear decomposition—reconstruction and photonic computing techniques.
Huaizhong Wu
Guangzhou Zhineng Youwei Technology Co., Ltd.

[Abstract] Traditional CFD fluid simulations rely on sequential iterative methods that are constrained by both
the serial bottleneck of electronic computing and the inherent nonlinear nature of the Navier—Stokes equations.
These approaches suffer from fundamental limitations such as high computational overhead, restricted convergence
behavior, and stringent CFL time—step constraints; furthermore, traditional iterative architectures are inherently
incompatible with the purely linear parallel processing capabilities of photonic computing. This paper leverages the
degree—of—freedom redundancy inherent in the Navier—Stokes equations system and utilizes two proprietary core
technologies of photonic computing to perform rigorous mathematical identity transformations that enable the
linear decomposition and reconstruction of the equations. By transferring product—type nonlinearities within the
field to low—frequency preconditioning outside the field, this work establishes a novel pure—linear
photonic—domain iterative paradigm where compressible flows serve as the universal backbone, while
incompressible flows with constant viscosity represent a degenerate special case. This framework eliminates all
physical approximations and equation truncations, completely bypasses traditional sequential iterations and CFL
constraints, and utilizes the O(1) global parallelism of photonic computing to achieve rapid global convergence for
the Navier—Stokes equations. Compared with conventional CFD methods, this approach achieves paradigm—level

improvements in both mathematical justification, solution accuracy, and computational efficiency.
[Key words] linear decomposition and reconstruction; optical computing; N-S equations; purely linear

iteration; global convergence; numerical solution of fluid dynamics problems
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