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Abstract
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Turbulent flows have many degrees of freedom from micrometer to several km, and their numerical
calculation requires modeling. In a large-eddy simulation (LES), eddies that can be resolved by a
computational grid are directly calculated, and eddies with a scale smaller than the grid (subgrid-
scale: SGS) are modeled. LES well reproduces physical phenomena with unsteady behavior by
greatly reducing the number of grid points. Recently, we have developed a model that can easily
and locally determine the SGS turbulent energy in its transport equation. Moreover, by
incorporating anisotropy, we have succeeded in further reducing the number of grid points. It was
desired to demonstrate the performance evaluation in a flow field around a complex object. Before
the evaluation, we aimed to demonstrate why the anisotropic SGS stress tensor works well in a
coarse grid.

We conducted the direct numerical simulation (DNS) and obtained the filtered velocity field by
taking the filter operation. By using the filtered velocity, we obtained the ideal isotropic-eddy-
viscosity. By subtracting it from the SGS stress tensor, we could generate the ideal anisotropic-
SGS stress tensor. It was found that the role of the anisotropic-SGS stress tensor is increasing the
fluctuations in the spanwise direction and is enhanced in a coarse grid. Furthermore, it was
revealed that the anisotropic-SGS stress tensor promotes the redistribution of fluctuations from the
streamwise direction to other directions.
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Empirical study of LES using locally balanced model for SGS turbulence energy
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Turbulent flows have many degrees of freedom from micrometer to several km, and their numerical calculation requires modeling. In a
large—eddy simulation (LES), eddies that can be resolved by a computational grid are directly calculated, and eddies with a scale
smaller than the grid (subgrid—scale: SGS) are modeled. LES well reproduces physical phenomena with unsteady behavior by greatly
reducing the number of grid points. Recently, we have developed a model that can easily and locally determine the SGS turbulent
energy in its transport equation. Moreover, by incorporating anisotropy, we have succeeded in further reducing the number of grid
points. It was desired to demonstrate the performance evaluation in a flow field around a complex object. Before the evaluation, we
aimed to demonstrate why the anisotropic SGS stress tensor works well in a coarse grid.

We conducted the direct numerical simulation (DNS) and obtained the filtered velocity field by taking the filter operation. By using the
filtered velocity, we obtained the ideal isotropic—eddy—viscosity. By subtracting it from the SGS stress tensor, we could generate the
ideal anisotropic—SGS stress tensor. It was found that the role of the anisotropic—SGS stress tensor is increasing the fluctuations in
the spanwise direction and is enhanced in a coarse grid. Furthermore, it was revealed that the anisotropic—SGS stress tensor
promotes the redistribution of fluctuations from the streamwise direction to other directions.
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