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Fluid Dynamics and Multifractals
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ABSTRACT

How the concept of multifractals has been applied to fluiddynamics is described. Particularly the

multifractal nature of the dissipation field of isotropic turbulence is explained together with the deep

implication of intermittency exponents, which embody a stochastic multifractal in themselves.
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1 Generalized dimensions for the 3D dissipation field of
isotropic turbulence. Open circles denote a direct
numerical simulation " ; the plain solid line denotes the
binomial generalized Cantor set model proposed by the
author ' ; the solid line with solid circles denotes a
modified version of that model " ; the dashed line
denotes the 3D version of the p model * ; the long-
dashed line denotes the lognormal model * ; the long-
dashed-short dashed line denotes the S model * ; and the
solid line pointed by an arrow denotes the random f
model . (I. Hosokawa : J. Phys. Soc. Ipn. 62
{1993) 3347 & h #Z#L.)

I THhb, [RODFEBE LOVLF 757 %043, KTk
> Tstochastic multifractal & &% 317z,

TARBE, RENIDL O LERLBEIZL-T
TNFTTIINERBELIVWLDTH D, RIZFDH
EERT.

5. Intermittency exponents®) ¥ A

RAENFEDEGER I (Jintermittency exponents u(q)
DEENH 5, ZNhEldstochastic multifractal 3% H D
IRV BLTVBI L 2TRE T, Novikov'" 12, l2D0
T

< (e &'>= 0 D"’ (4)

DL LEEYPHFETAE X, FO8& Iscale—similar
CEFEL, BLLS DRT VYUY TAVEYTHY, 1<

° DS
o~—a 30 Contor set model
{u =0.2)
o~—a p model (p =0.7)
~—~— L N model (u =0.2)
+ B model (w =0.2)
f
3
L]
b
\
\
A
\
\o
\
\O
\o
\rg
\
1
0 { 2 3

a

M2 f (@) spectra of dissipation field in isotropic turbulence
obtained using various models (LN means lognormal)
and DNS of decaying isotropic turbulence at the fully-
developed state '“. (I. Hosokawa :J. Phys. Soc.
Jpn. 62 (1993) 2204 & b #x#k.)
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[X]4 Normalized dissipation fields in a 2D cut in isotropic
turbulence obtained (a) by the 3D binomial Cantor set
model © and (b) by the DNS on a 128 grid . (I.
Hosokawa : J. Phys. Soc. Jpn. 62 (1993) 2204 &
) EREK.)
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45 Fig. 3. Domains of dissipation with £_ ¢, larger
than 0.76 obtained (a) by the 3D binomial Cantor set
model * and (b) by DNS of decaying isotropic
turbulence at the fully developed state . (I.
Hosokawa : J. Phys. Soc. Ipn. 62 (1993) 2204 &
0 ERE.)
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