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The study of dynamic mode decomposition parameters for
the flow around staggered tube bundles
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Abstract: Unsteady numerical simulations were systematically conducted to investigate the transient flow
characteristics around a staggered heat exchanger tube bundle. The vorticity distribution derived from
numerical simulations was analyzed using Dynamic Mode Decomposition (DMD) for modal extraction and
flow field reconstruction. The effects of the number of snapshots and singular value truncation order on the
accuracy of reconstructed flow fields were studied. The results indicate that DMD enables accurate extraction
of both vortical mode structures and their associated characteristic parameters, including frequencies and
growth rates, from transient flow fields surrounding a staggered tube bundle. Flow field reconstructions
obtained from dominant coherent modes exhibit strong agreement with high-fidelity numerical benchmarks.
This confirms the effectiveness of the DMD methodology in resolving vortex-driven flow interactions in
staggered tube bundle configurations. A minimum snapshot criterion is proposed based on the dimensionless
period number, allowing direct determination of an appropriate number of snapshots with minimal
computational error, which in turn substantially reduces computational costs. In terms of the energy retention
ratio, a criterion for determining the optimal singular value truncation order is established, alleviating errors
caused by overly aggressive truncation thresholds. This study provides theoretical insights into parameters

selection for DMD analysis of complex flow fields around heat exchanger tube bundles.
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Fig.3 Distribution of lift and drag coefficients of the staggered tube bundle with dimensionless time step
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Fig.7 Mode decomposition of the transient flow field around the staggered tube bundle
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