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It is common in direct numerical simulations (DNSs)
of NS, MHD, and passive scalar turbulence that
Kinaem > 1 is a necessary condition for the spatial
accuracy, where 7 is the average Kolmogorov length
and K4, is the maximum wavenumber retained
in the Fourier spectral method. However, in many
cases of turbulence simulation at high Reynolds
numbers, there is an actual cut off wavenumber k.
such that k.77 < K47 < 1 because of limitation of
the computational resources. In this case, effects of
degrees of freedom (subgrid scale, SGS) in the band
ke < k < Kpqq on grid scale (GS) are to be exam-
ined. We have examined those effects from the view
points of dynamics, statistics, and renormalization
by taking as k. = kpaz/5,5 = 1,2,4 and compar-
ing with the data which was computed by the full
resolution DNS.

For this purpose, we have introduced a sharp cut
off filter F at k. and decomposed the velocity field
as u(k,t) = u~(k,t) + v~ (k,t). The equation
of motion of the GS velocity u=<(k,t) is given by
(0 + vk?) u<(k) = N<(k)+R=~(k), N<(k) =
FM (k)Y p g u< (p)u=(q), where N< is the non-
linear term consisting of GS components alone, and
R*~ represents contributions from the SGS compo-
nents. We have done two series of DNSs, the first
one is runs L1(N = 256, K,,,,.77 = 1.0), L2(N =
512, KmaeT) = 2.0), and L3(N = 1024, K027 = 3.8
at Ry = 180, and the second is run HI(N =
1024, K07 = 1.06) at Ry = 420 [1].

Figure 1 shows the compensated energy spectrum
k53 E(k) and k2E(k) in steady turbulence. Curves
for k°/3E(k) collapse well and the one for Ry = 420
has a horizontal part with finite width , showing the
existence of the inertial range. For this turbulence,
we have analysed the effects of the SGS components.
Figure 2 shows En(k|k.) = 4nk*(|N<(k)|?) and the
square root of Er(klk.) = 4mk*(|R<(k)|?). Ex-
cept wavenumbers near k., there is no change in
En(k|k.). This is because Egr(k|k.) is very small
except k = k. and k. lies in the dissipation range.
Er(k|k.) rises as Egr(kl|k.) o< (k/k.)?? when k — k.
and the curve becomes cusp when k ~ k.. If we
write as Er(k|k.) = 2v.(k|k.)k*En (k|k), the term
ve(k|k.) is the eddy viscosity. As seen in Fig. 3,
the eddy viscosity becomes large near k = k. and
decays quickly when k becomes smaller. The contri-
butions from SGS components may be written in
the form of Langevin type equation as R<(k) =

360

—ve(k|ke)k*u<(k) + R(k). It is important to note
that the random force R(k) is not white noise in
time and its probability density function is not Gaus-
sian at all, which is confirmed by using the above
DNS data set [2, 3]. It is interesting and impor-
tant to examine the possibility of nonlinear regres-
sion model.
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FIG. 1: Compensated kinetic energy spectrum E(z) at

Ry = 420. The dotted horizontal line is K = 1.61. The

inset figure shows the normalised dissipation spectra.
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FIG. 2: Square root of the spectra for the nonlinear and

residual terms N <(k) and R*(k).

4 T T T
w 35t Volklke), ke=kina/2 j
s may i
.g 3r Ke(klk(‘)y k{:zkmm/z TR
X 25+ max
,\_\
5 15 r
< 1L
Z 05t
0 et

>
=
S

kn

FIG. 3: The normalised eddy viscosity and eddy diffu-
sivity extracted from the residual terms R(k) and Rg(k)
obtained from run L3. ke = kmaz/2 and ke = kmaax /4.
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