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In various turbulent flows such as a flow between parallel plates, a boundary layer separation flow,
and a magnetohydrodynamic (MHD) flow, a large viscosity is generated due to the turbulence, and
a log-law velocity distribution is obtained at a position away from the wall surface. As a turbulence
model for performing such prediction, there is a subgrid scale model in which turbulence is coarse-
grained, turbulence that can be resolved is directly calculated, and turbulence of a subgrid scale
smaller than the grid resolution is modeled.

In recent years, by adding anisotropic term so as not to affect the energy balance and solving one
equation related to subgrid scale energy, there has been a breakthrough to obtain good results
even at low resolution, but it is unknown why performance is improved. Thus, the purpose of this
study is to elucidate the role of anisotropic term by changing the type of anisotropic term, and to
construct a zero equation model that predicts subgrid scale energy without using one equation.
First, in simple turbulent flow between parallel plates, we changed the type of anisotropic term and
understood its role. In the Clark term corresponding to the first term of the Taylor expansion of the
subgrid scale stress term and the modified Leonard term applying the scale similarity rule, the
large turbulence structures appear at low resolution, and the velocity correlation does not become
zero in the calculation domain. In the Bardina model, which modeled the Reynolds term
corresponding to the subgrid scale velocity correlation, it was found that the turbulence structures
become finer and the velocity correlation falls to zero in the calculation domain. It was also found
that the high wavenumber component of the turbulent energy is reproduced. Regarding the change
of the one-equation for sub-grid scale energy to zero equation, when the sub-grid scale energy is
predicted from the balance between the turbulence production term and the dissipation term, the
prediction is large energy near the wall. It was found that the subgrid scale energy is well
reproduced when the large energy is suppressed by adding some correction.
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Study on anisotropic subgrid—scale model for various turbulent flows
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In various turbulent flows such as a flow between parallel plates, a boundary layer separation flow, and a magnetohydrodynamic (MHD)
flow, a large viscosity is generated due to the turbulence, and a log—law velocity distribution is obtained at a position away from the
wall surface. As a turbulence model for performing such prediction, there is a subgrid scale model in which turbulence is coarse—
grained, turbulence that can be resolved is directly calculated, and turbulence of a subgrid scale smaller than the grid resolution is
modeled.

In recent years, by adding anisotropic term so as not to affect the energy balance and solving one equation related to subgrid scale
energy, there has been a breakthrough to obtain good results even at low resolution, but it is unknown why performance is improved.
Thus, the purpose of this study is to elucidate the role of anisotropic term by changing the type of anisotropic term, and to construct
a zero equation model that predicts subgrid scale energy without using one equation.

First, in simple turbulent flow between parallel plates, we changed the type of anisotropic term and understood its role. In the Clark
term corresponding to the first term of the Taylor expansion of the subgrid scale stress term and the modified Leonard term applying
the scale similarity rule, the large turbulence structures appear at low resolution, and the velocity correlation does not become zero
in the calculation domain. In the Bardina model, which modeled the Reynolds term corresponding to the subgrid scale velocity
correlation, it was found that the turbulence structures become finer and the velocity correlation falls to zero in the calculation
domain. It was also found that the high wavenumber component of the turbulent energy is reproduced. Regarding the change of the
one—equation for sub—grid scale energy to zero equation, when the sub—grid scale energy is predicted from the balance between the
turbulence production term and the dissipation term, the prediction is large energy near the wall. It was found that the subgrid scale
energy is well reproduced when the large energy is suppressed by adding some correction.
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