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Refined free-surface capturing algorithms based on
the dynamic relaxation strategy
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519082, China

Abstract: The numerical blow-up caused by mass non-conservation in existing free-interface capturing
algorithms stems from asynchronous density-flow solving. To overcome this problem, the numerical
relationship is derived between local mass non-conservation and the diagonally dominance. Based on
this derivation, a dynamic relaxation solution strategy is constructed, where the relaxation coefficient
is dynamically updated in mass-non-conserved cells, to ensure the diagonal dominance of the
momentum equation. Combined with the selection of an implicit high-resolution face-centered density
interpolation method, a refined free-surface capturing algorithm is proposed. The performance of the
refined algorithm is validated through classical dam-break free-surface flow test cases. The results
demonstrate that the dynamic relaxation strategy effectively enhances numerical robustness and
computational efficiency, while the implicit face-centered density interpolation method significantly
reduces numerical diffusion, with particularly notable performance improvements in scenarios
involving large density ratios and Courant numbers.
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Fig. 1 The contours representing the convergence relationship of the dam break case
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Fig. 8 Computational efficiency under different relaxation strategies
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Fig. 9 Volume fraction contours and numerical diffusions under the explicit face-centered density updating strategy
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Fig. 10 Volume fraction contours and numerical diffusions under the semi-implicit face-centered density updating strategy
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Fig. 11 Volume fraction contours and numerical diffusions under the implicit face-centered density updating strategy
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Table 2 Numerical diffusions value under different face-centered density updating strategies

— o LR RS ARLE 4 RO A%
TN F st (55N 25X Fpat Faak
0.2 8.036x10° 8.281x10° 8.313x10° 1. 048x107 1.051x107? 1.061x10?
10 0.5 1.099x10? 1.099x107 1.101x10? 1.297x107? 1.292x107? 1.291x107
0.8 2.130x10? 2.171x10? 2.181x107 2.006x10? 1.993x107 1.961x107
0.2 1. 606x10” 1. 652x107 1. 677x107 2.205%107 2.178x107 2.210x107
10° 0.5 1. 726x107 1. 833x107 1.903%x10? 2.065%x10 2.118x107 2.133x107
0.8 3. 434x107 3.198x107 2.537x107 2.112x107 2.070%x107 2. 140x10?
0.2 2.467x107 2.383x107 2.396x107 3.511x107 2.779%107 2.780x107
10° 0.5 2.907x10? 3.083x107? 2. 649x107 3.196x107 3.255%10? 3.132x107?
0.8 5.328x107 4.817x107 3.206x107 3.779%107 3.564x10” 3.266x107
0.2 2.501x107? 2.456x10” 2.459x10? 2. 875107 2.943x107 2.914x107
10° 0.5 3.204x107 3.095%107 2.621x10? 3.477x107 3.390%107 3.313x107
0.8 3. 684x107 3.574x107 3.066%107 3.685x107 3.625%107 3. 449x107?
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Fig. 12 Computational efficiency under different face-centered density updating strategies
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