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Abstract

This study addresses the computational inefficiency and stability limitations of the traditional SIMPLE algo-
rithm’s pressure correction process through systematic optimization via algorithmic architecture reconstruc-
tion and numerical method innovation. The proposed solution involves three key strategies: Firstly, replacing
traditional nested-loop programming structures with tensor operations. In a benchmark test case with a 51x51
grid and a pressure relaxation factor of 0.3, the computation time was dramatically reduced from 265.5 sec-
onds to 80 seconds, achieving a speed improvement of approximately 231%. Secondly, an intelligent gradient
analysis system was developed using automatic differentiation and dynamic relaxation factors, enabling adap-
tive adjustment of pressure relaxation factors across grid locations to reduce iteration counts and accelerate
computations. Additionally, to overcome the efficiency bottleneck in direct pressure correction value solving,
a gradient descent optimization method was employed as an alternative to traditional solvers, further decreas-
ing computational time while enhancing solution accuracy. Validated through standard benchmark cases,
the optimized algorithm maintains high precision while significantly improving real-time performance and
robustness in complex flow simulations, establishing an efficient and reliable new paradigm for engineering
fluid dynamics applications.
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