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Time-history deep learning for flow probes arrangement
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Abstract: In flow experiments, it is often necessary to measure the flow time history at several locations.
However, the number of sensors in the experiment is limited by sensor size and their interference with flow.
By optimizing sensor placement, the testing efficiency and accuracy can be improved with more significant
time-varying features being captured. Using a time history deep learning method, the study carries out the
dimensionality reduction and clustering on the flows of the time-varying features, obtaining distribution of
measurement points distributions with similar features. This provides a basis for optimal sensor placement. As
an example, the low Reynolds number flow around a square and a circular cylinder was studied respectively.
Firstly, dimensionality reduction and feature reconstruction was performed on the flow's time-varying big
data. Next, clustering analysis was applied to the low-dimensional latent code, followed by feature judgment
across different flow regions, yielding the optimal sensor arrangement for the physical quantities to be
measured. The results show that the method in this paper obtains a more refined layout of sensors compared
with traditional empirical approaches, providing a useful reference for flow experiments.
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Tab.1 Sample statistics of different clustering regions

ey IE R wFIE ubrifE2E vERIE VERIE2E
EAES 1.0144 0.0575 -0.0007 0.0488
EtvES 1.1219 0.0258 —0.1441 0.0322
B33k 0.0386 0.0790 0.1399 0.0339
Hia2 0.4263 0.1462 0.0040 0.2622
EIRES 0.6842 0.1135 -0.0019 0.2463
Fok 0.8526 0.1092 0.0006 0.3072

e 0.8557 0.1626 0.0004 0.2358
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Tab.2 Comparison of locations of measurement points in different experiments
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