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Leonardo da Vineci (1513)
e IO OODOMO

“Observe the motion of the surface of the water,
which resembles that of hair, which has two
-, _ - motions, of which one is caused by the weight
of the hair, the other by the direction of the
curls; thus the water has eddying motions, one
part of which is due to the principal current,

the other to random and reverse motion. ”
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“... the smallest eddies are almost numberless,

L T Tk g i (b o e |
i Eae s eV gy e, ey L D and large things are rotated only by large ed-

dies and not by small ones, and small things

are turned by small eddies and large.”
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0.3 Navier-Stokes [1[1 [

e 10000 EulerO OO
e Navier-Stokes 0 0 O 0O Navier, 1821,22
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%unL (u-V)u= —;VerVVZu,
V-u=0.
p(x,t): 000

u(x,t): 000 Opxt):000

HRN

v:000
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e 100 O0DOOOONOOORichardson, 19220

Big whorls have little whorls

That feed on their velocity,

And little whorls have lesser whorls
And so on to viscosity.

e 100D UIODODOODODOKolmogorov, 1941, 19620
- O Reynolds 0000000000 DOOOOOO

e 000 O Kraichnan, 1958, 19650
— Navier-Stokes 00 OO0 0000000 O0OO

e 10 O intermittency[ 1] Kolmogorov, 1962[]
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000000 Grant et al., 19620

e [ OO Lorentz, 196301
e 10000 0O Mandelbrot, 19740

“The central problem that people need to solve is not the problem of
elmentary particles or unified field; this is the problem of turbulence
... the last great unsolved problem of classical physics. ”

— Feynman[ 19690
ododbdiboodbdbdbodn

o (10101000
- 00000000000000000 409630, O Kaneda et al., 20030
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F(T,V,N)
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F(T,V,N) = —kTlogZ(T,V,N)
- E;(V,N)
Z(T,V,N) = Zexp<— o )
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e D00 u(x,/))00000000OO
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v(y,s) = u(x? +y,t 4 5) —u(x?, )
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O00: Sy(r) = <[w1(7“,0,0)]2> 0O00: Si(r) = <[w2(r,0,0)]2>
1 dS
Sé :S2+§Td—7“2
010000

So(rse,v) = (ve)' 28y (r/n; 1,1) = (ve)/sy(r)
000, =/,
020000
(ve)!2sy(r') = (ave)'Psy(a® ')

sy = O3 (r'>1)

Sy(r) = Ce*3r%/3 (n<K<r <L)
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Sp(r) = (lwi(r,0,0)]") ~ C’pep/?’rp/g (n<r <L)
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1.6 Kolmogorov [ 4/5 [
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§ - 3xu(x)e kX
u(k,t) = E /d (x)

e Navier-Stokes [0 [ [J

(% + uk2) (k) = /p e d*pMia(k)ia(P)ts(q),

Miap(K) ko Pip(k) + kyPia(k)],  Pap(k) =055 —

_ !
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0Jo0o0o0o0oog
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(2m)°

1

Q'LJ (k,t,t/) — (S(T(O)

/ PP*xQyj(x, 1% e K '=x) — (T (k, 1) (—k, 1)),

000,

Qij (X7 t§ X,v t) = <’LL7;<X,t)’U,j (X,a t/)>7 SQ<T> — Q[Qll(xv t; X, t) — Q11<X—|—Te1, t; X7t)]
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B(k,t) = 5 /dk?kq_ini(k/,t,t).

Kolmogorov —5/30 0000000000

So(r) =C3r2 B3 (n<wr< L) & Ek)=K,EPE53(1/L<k<1/n).
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N = 1283 Ry ~ 67 N = 4096, Ry ~ 1201
Kaneda et al., 2003
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Reynolds number: R, = WLVS”\, Taylor microscale \: -5 = UQL <(%) >

AZ rms axl
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FIG. 3. Normalized energy dissipation rate D versus R, from Ref. 5 (data
up to R, =250), Ref. 3 (A,®), and the present DNS databases (HLA).
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FIG. 11. Terms in the Kiarman—-Howarth—Kolmogorov equation when R,
= 460. Thin solid line: 4/5.
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FIG. 5. Compensated energy spectra from DNSs with (A) 5127, 10247, and
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respectively.
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FIG. 28. Variation of the local scaling exponents ;jf,(r} with r/ 5 for various
orders. R), = 460. The curves represent p=1, 2,...,10 (from the lowermost) in
the scaling range. Horizontal lines show the values obtained by She and
Léveque, 0.696, 1.0, 1.28, and 1.78.
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FIG. 32. Variation of the scaling exponents £} and ] when R, =460. Sym-
bols are the results of the present DNS, star: gf, , circle: gf,". SL, MF, AA,
and K62 are the curves by She and Lévéque model (Ref. 70), Yakhot's mean
field theory (Ref. 72), Arimitsu and Arimitsu’s generalized entropy theory
with £=0.25, and K62 with w=0.25, respectively.
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