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Abstract

This thesis addresses the prominent issues existing in traditional fluid mechanics teaching, such as the disconnection between theory
and practice, and the separation of numerical simulation and experimental analysis. It systematically introduces data assimilation
technology and modal decomposition methods into the teaching reform system of fluid mechanics. By constructing a three-level
course structure of “basic theory + special topic modules + challenge projects”, it innovates a teaching model that combines case-
driven and project-oriented approaches, and strengthens the practical links through the fluid mechanics simulation platform and PIV
experimental system, effectively enhancing students’ depth of understanding and comprehensive analysis ability for complex flow
problems. In the specific implementation, students integrate numerical simulation and experimental data through data assimilation
technology, analyze complex turbulent structures with the help of proper orthogonal decomposition and dynamic mode decomposition
methods, and identify the quasi-ordered structures in chaotic random turbulence, significantly improving their theoretical application
ability and innovative thinking. Teaching practice shows that this reform not only stimulates students’ exploration interest but also
effectively cultivates their interdisciplinary integration and engineering problem-solving abilities, providing a beneficial reference and
implementation path for fluid mechanics teaching to adapt to the practical needs of engineering in the new era.
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