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Near-wall domain decomposition in turbulence modeling: Current state of the art and perspectives
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It is well recognized that the near-wall turbulence modeling is computationally a very expensive problem. The talk addresses a
novel approach based on non-overlapping domain decomposition. To realize the domain decomposition, the computational
domain is split into the inner region nearby the wall and the outer region. The governing equations in the inner region are
reduced to the parabolized Navier-Stokes equations. Thereby, the domain decomposition appears to be approximate although
the simplification of the governing equations in the region is mostly justified. As a result, there is a trade-oft between the
accuracy and computational time. The approach has proven its efficiency for industrial applications. It was shown that the
computational time can be saved as much as one order of magnitude whilst the error does not exceed a few percent. The key
element of the domain decomposition is the boundary condition at the interface boundary. The interface boundary conditions
are achieved via the transfer of the boundary condition from the wall to an interface boundary. If the governing equations in
the inner domain are reduced to the parabolized Navier-Stokes equations, then the interface boundary conditions prove to
be of Robin type. If the interface boundary is far enough from the wall, the computational time is reduced by one order of
magnitude. However, the near-wall turbulence effects might not be well-resolved. In turn, if the interface boundary tends to
the wall, then the solution completely coincides with the original low-Reynolds- number-model solution but the effect from
domain decomposition vanishes. In the talk, the computational efficiency of the proposed domain decomposition approach is
confirmed via the convergence analysis. Possible approaches to the exact domain decomposition are also analyzed. In addition,
the extension of the technique to unsteady problems is considered with some examples.
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