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The world*s largest Direct Numerical Simulation of turbulent channel flows and
its application of modeling
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The high-resolution Direct Numerical Simulation (DNS) database of a
fully-developed channel flow up to the friction Reynolds number 8000 are established by means of a
hybrid Fourier-spectral method in the wall-parallel directions and a second-order accurate
finite-difference method in the wall-normal direction. Turbulent Kinetic energy production rate is
exceeded to the turbulent dissipation rate at the logarithmic regions in the mean velocity profiles
in all Reynolds number range. However, remarkable isotropic tendency of the turbulent dissipation
rate is confirmed.

Furthermore, we succeeded to the develop the world’ s fastest DNS (Direct Numerical Simulation) code
for the world’ s largest friction Reynolds number 16000 on Super Computer Fugaku at RIKEN.
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CASE Re: Nx Ny N, AxE Ay* Az T/ Re:
YTI125 125 128 128 128 15.6 0.3-4.0 6.3 20.0
YT250 250 256 256 192 15.6 0.3-4.0 6.3 18.1
YT500 500 500 384 384 16.0 0.4-5.3 8.3 13.1
YT1000 1000 1000 512 768 16.0 0.6-8.0 8.3 12.0
YT2000 2000 2000 1024 1536 16.0 0.6-8.0 8.3 10.0
YT4000 4000 4000 2048 3072 16.0 0.6-8.0 8.3 14.5
YTC8000 8000 6912 4096 5760 18.5 0.6-8.0 8.9 7.5

Here, Re: = u:h/v: friction Reynolds number. u.: friction velocity, h: channel half width, v: kinematic
viscosity, Ny (4x), Ny (4y), N; (4z,): grid number (resolution) for stream (X), vertical (y), and spanwise (z)
directions, and T is the simulation time interval after the initial transient period respectively.
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* Turbulent kinetic energy (K) and turbulent dissipation rate (¢):
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DNS database of turbulent channel flow
http://www.me.yamanashi .ac. jp/lab/yamamoto/DNS2
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