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Two-dimensional Flow Fields Reconstruction using
Convolutional Neural Network: An Enhancement in Prediction Performance

*Kewei Gao, Min Liang Wang, Congyu Mao, Hemando Leon-Rodriguez, Hyun Wook Kang*
Department of Mechanical Engineering, Chonnam National University

ABSTRACT

Avtificial intelligence (Al) has revolutionized computational efficiency and nonlinear fitting capabilities, profoundly impacting fields involving fluid
dynamics. Among these applications are latent feature extraction from flow fields, flow field reconstruction, and others. This study introduces a novel
approach to reconstructing flow fields using convolutional neural networks (CNNS), offering robust solutions for steady-state incompressible laminar
flows. Initially, we define the computational domain and boundary conditions geometrically. Then, we employ a unique data preprocessing method
to vectorize velocity field data, capturing crucial features such as vector magnitude and direction. Our CNN model establishes a mapping between
geometric features and velocity vector fields using proprietary data obtained from OpenFOAM simulations. Additionally, we analyze velocity
prediction errors by examining local Reynolds number distributions. Compared to traditional computational fluid dynamics (CFD) solvers, the CNN
model dramatically reduces computational costs by three orders of magnitude. Furthermore, it enhances flexibility in designing flow field
reconstruction domains, positioning itself as a potent surrogate model for future applications.
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