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Turbulence in many fields of nature and engineering is a non-linear system with huge degree of freedom. To improve prediction

and control technologies of complex turbulence phenomena, it is essential to consider application problems on the basis of the

physical and mathematical understanding of turbulence. In this project, by using the Earth Simulator, we performed large-scale direct

numerical simulations (DNS) of turbulent boundary layers (TBL) using a spectral method and studied the properties of turbulent/

non-turbulent interface of the TBL. Conditional statistics near the turbulent/non-turbulent interface showed that the interface acts as

barrier to the external and internal velocity fluctuations. This blocking mechanism is now being used for developing wings of airplane

that can reduce drag and noise.
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1. Direct numerical simulation (DNS) of turbulent

boundary layers

To study the fundamental nature of turbulent boundary
layers (TBL), we developed its DNS code for the ES based on a
spectral method that uses Fourier series and Jacobi polynomials.
Here we introduced a fringe region to suppress the thickness
of the TBL and to use the periodic boundary condition in the
streamwise direction.[1] We optimized the code and performed
the DNS of TBLs using the ES. The number of grid points
are 1920x256x384 for R,=344~1130 and 4608x512x768 for
R,=835~2443, where R, is the Reynolds number based on the
momentum thickness 0. The effect of the fringe region on the
statistics of the TBL was studied and it was found that the
effect is small if the distance from the fringe is over 3006, in
downstream. Here 0, is the momentum thickness at the exit of
the fringe region. We use the TBL database generated by the
above DNS for the analysis in this study.

2. Analysis of turbulent/non-turbulent interface of

turbulent boundary layers

Turbulent/non-turbulent interface was determined using an
appropriate threshold of vorticity amplitude the conditional
statistics near the interface was studied.[2,3] The results showed
that the interfacial layer has an inertia-viscous double structure
that consists of a turbulent sub-layer with a thickness of the
order of the Taylor micro-scale and its outer boundary with a
thickness of the order of the Kolmogorov length scale. Also, it

showed that conditional cross correlations of the streamwise or
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the wall-normal velocity fluctuations change sharply across the
interface. This result is consistent with the blocking mechanism
of the interface.[4]

3. Turbulence control based on the blocking

mechanism of the T/NT interface

By taking into account the eddy blocking mechanism,
Szubert et al considered a stochastic forcing to lead to thinning
of the turbulent/non-turbulent interfaces within the separated
boundary layer and the shear layers. [5,6] Their study suggest
that, by thinning the shear layers, both at the outer edge of the
turbulent boundary layers and the wake, we can control the
velocity profiles, and wall pressure distribution of the transonic
flow around a supercritical airfoil at high Reynolds number.
Such turbulence control based on the eddy blocking mechanism

is being used in the development of airfoil on airplanes. [7]
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