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In this work, we considered the relation between fluid equation (such as Navier-Stokes and Euler
equations) and turbulence. In 1934, Leray initially pursued mathematical consideration of the
Navier-Stokes equation (weak solution), and he called its solution " “turbulent solution” . However,
from Luo-Hou’ s numerical computation (2013), we can conjecture that turbulent and regularity of the
fluid equations are nothing to do with each other.

From this point of view, we tried to do a numerical computation of " Hatakeyama—Kambe’ s turbulence
model” with vortex direction whose idea is initially proposed by Constantin—-Fefferman in 1993.

In Hatakeyama—-Kambe’ s turbulence model, we distribute Burgers vortices randomly but with a statistical
law (see Hatakeyama—Kambe, Phys. Rev. Lett. 1997)

On the other hand, Constantin and Fefferman showed that for the 3D Navier-Stokes flow, if the direction
of vorticity is sufficiently well behaved in regions of high vorticity magnitude, then the solution
to the 3D Navier-Stokes equation is smooth (namely, no blowup). If the Navier-Stokes flow is two
dimensional, then the direction of vortices always head for only one direction (or its opposite
direction). Thus we can observe that such ~“direction of vorticity” should be exhibiting a fractional
dimension (between two and three) of local behavior of the flow. We moreover speculate that this concept
““direction of vorticity” should be universal. Namely, we can adapt the concept not only various fluid
equations but also various turbulence models

In our study, we tried to analyze turbulence (Hatakeyama—Kambe' s turbulence model) numerically by using
the ““direction of vorticity” . Interestingly, if we increase amount of Burgers vortices, then the
fraction dimension will decrease. We are expecting that many interaction of vortices will bring some
cancel lation and then such cancellation may have a ~“decreasing dimension effect” .

This observation may be consistent with the numerical results of Luo-Hou (2013) and Hsu-Notsu-Yoneda
(2015) .




