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A typical setup of the observation of fully developed
turbulence behind a grid in a wind tunnel

R, = 249,

by Mouri (2004)

4= 10 [m/sec]
£, = 20[cm]

M. Van Dyke, An Album of Fluid Motion (The Parabolic Press, [misec]
Stanford, California, 1982) & Y&5# . ¢

The observed time series of the longitudinal
velocity component u(f)-a represents its chaotic
changes in time.
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The velocity differences su(t; 5 ) = u(t+5t) — u(t) for 5t = 3.3x10-°[sec]
and 5= 1.3x107[sec] are shown. The former represents intermittent
character, whereas the latter looks like mere fluctuating behavior.
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DNS by M. Tanahashi (TIT) at Re ;= 220.7

In the following, we will measure the
spatial distance r by the discrete units

r=£ =814, (6 =2")

specified by the number n of the
multifractal depth.

(The values of n can be positive real
number in the analysis of experiments).

A. La Porta et al., Nature 409 (2001) 1017.
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Now, the velocity differences
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are measured at every two points separated by £,.
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With the length ¢, -5, (5,=27) . these quntities are given as

follows.
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where a= % +(@-Vv) @ is the acceleration of fluid particle.

The velocity derivative, the acceleration and the energy transfer rate
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Stationary state distribution function
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q > 1 gives us the Gibbs.
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Havrda-Charvat-Tsallis statistics g wntropy index
S _ Zipi _1
@ 1—g HCT emﬂrop/t
Zip?Ei

i

Zpi =19 Uq = lelq

Stationary state distribution function

l[l_ﬂff)ﬂ(&w]%l-“’ 7,3 o]

i 2 z-

q

q 2 1 gives us the Gibbs.

S,(A+B)=S,(A)+S,(B)
+(1—-9)S,(ADS,(B)




Mt i Fractal s pe ctyrum

i (o) .
8 | b -moddl i
T o
Tsallis statisTics i
= k
B i ot 2
o

Figure 4: Multifractal spectrum fr(a) based on Tsallis statistics, and fg(«) on binomial mul-

tiplicative process (p-model), for the case p = 0.235.
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e Within MFA, the PDF consists of two parts, i.e., the tail part and
the center pant, divided approximately by the standard deviation.

e The tail part is a manifestation of the multifractal distribution of
singularities in physical space due to the scale invariance of the

Navier-Stokes equation for large Reynolds -

humber,

o determined mostly by the intermittency tail part
exponent, and

e representing the intermittent large
deviations. P m w

e The center part represents small deviations viola mg the scale
invariance due to the dissipative term in the

Navier-Stokes equation proportional to the o9 o
kinematic viscosity, = | Benter part
e representing mainly thermal or . \

local fluctuations. o2 [N
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Fig. 6.5. Analyvses of the PDEF's of the velocity fluctuations (closed cireles) for
three different measuring distances, observed by Gotoh et al. at /2, = 330, with the

help of the PDF’s [77(£,) by the harmonious representation (solid line) and by p ~ [Pe
the log-normal model (dashed line) are plotted on (a) log and (b) linear scales. The A
PDI’s by the p model {dotted line) are compared with the PDEF’s by the harmonious

representation (solid line). Comparisons are displaved in pairs. The solid lines in

each set of |1.'|'||':~ are the same. For better visibility, each PDIF is shifted by —2 unit

in (a) and by —0.2 in (b) along the vertical axis. Parameters are given in the text.
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Analysis of experiment
conducted
by Lewis and Swinney

PDF of velocity fluctuations
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Closed circles

Experimental PDF by Lewis and Swinney
(1999)

¥/ 7 from top to bottom:

11.6, 23.1, 46.2, 92.5, 208, 399, 830, 1440

Lines

Theoretical PDF with g =0.471 (. =0.28)
by AA (2001)

n from top to bottom:

14,13,11, 10, 9.0, 8.0, 7.5, 7.0

For better visibility, each PDF is shifted by
—1 unit along the vertical axis.

Analysis of experiment
conducted by
Bodenschatz el al.

PDF of fluid particle accelerations




Turbulence chamber (Bodenschaty)

homogeneous turbulence
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/ =
z 60.5
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48.3cm
FIGURE 11. Schematic representation of the flow between counter-rotating disks decomposed into {a) the

pumping mode and (b} the shearing mode.

G.A. Voth et al., J. Fluid Mech. 469 (2001) 121.
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Acceleration scale (m 52

0 12,000

‘ A. La Porta et al., Nature 409 (2001) 1017.

Let us analyze the PDF of particle accelerations
observed by Bodenschatz at R ,=690.

n .IDD' 1 = . .
A a,) @ A@) | (b)
" log scale linear scale
10°
0.5 =145
107 q
10" &, : acceleration
normalized by its
deviation
10° 0
DT 20 40 60 0
w,t @,

Open squares and circles
Experimental PDF by Bodenschatz et.al (2002)

Lines
Theoretical PDF with g= 0.391 (u=0.240) by AA (2002)

w,=0550 ot=101 n=17.1




Analysis of DNS 10243
conducted
by Gotoh et al

PDF of fluid particle accelerations

PDF of fluid particle accelerations (Gotoh)

ﬁ"’(&)ﬂ) Ae,)
10" L
log scale (a)

Open squares and circles
Experimental PDF by Gotoh et al. (2002)

Lines

linear scale  (p)

&, : acceleration
normalized by its
deviation

Theoretical PDF with g = 0.391 (1. =0.240) by AA (2002)

w,F=0550  of=101

n=17.5




Analysis of DNS 10243
conducted
by Gotoh et al

PDF of velocity fluctuations

PDF of

log scale

velocity differences (Gotoh)

Closed circles
Experimental PDF by Gotoh et al. (2002}

¥/ nfrom top to bottom:
2.38,476,952, 190, 381,76.2, 152,
305, 609, 1220

Lines
Theoretical PDF with g = 0.391
(2 =0.240) by AA (2001)

n from top to bhottom:
20.7,19.2,16.2, 136,115, 9.80, 9.00,
7.90, 7.00, 6.00

£ * from top to bottom:
1.10,1.13,1.19,1.23,1.28,1.32, 1.34,
1.37,1.39,1.43

g’ from top to bottom:
160,160,158 149 145 140, 135,
1.30,125,1.20

o=1.07
h: number of multifractal steps

For better visibility, each PDF is shifted by
-1 unit along the vertical axis.

&q - velocity fluctuation
normalized by its deviation




PDF of velocity differences (Gotoh)

Central Part
Closed circles
0.5¢ linear scale Experimental PDF by Gotoh et al. (2002)
-~ /n from top to bottom:
2 2.38,476,952 190, 381, 76.2, 152,
s 305, 609, 1220

Lines

Theoretical PDF with g =0.391

(. =0.240) by AA (2001)

n from top to bottom:

20.7,19.2,16.2, 136, 115, 9.80, 9.00,
7.90, 7.00, 6.00

& * from top to bottom:

1.10,1.13,1.19, 123, 1.28,1.32, 1.34,
1.37,1.39,1.43

i3’ from top to bottom:

160,160,158 149, 145,140 135,
1.30,125,1.20

at=1.07

n: number of multifractal steps

gp="1.60, n=20.7

qp=1.58, n=16.2

qp=1.40, n=13.6

qp=1.45 n=11.5

qp=1.4, n=9.8

-0.5

qp=1.35 n=9

qp=1.25. n=T

-1 : s For better visibility, each PDF is shifted by
-1 unit along the vertical axis.

Analysis of Turbulence
in Wind Tunnel
measured by Mouri

PDF of energy dissipation rates
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PDF of energy dissipation rates
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Figure 4: The time dependence of the quantity proportional to vu'
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Analysis of DNS 40963
conducted
by Kaneda et al

PDF of energy dissipation rates
PDF of energy transfer rates




PDFs of energy dissipation rates

. ; ey = ’ energy dissipation rate
10 Kaneda data energy disSipation rale 1 8 Kaneda data - ngwf1 P
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Pl e B
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0 50 100 0 1 _ 2
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n = —0.995log, r/n + 11.1,

Closed circles

Experimental PDFs by Kaneda
¥/ 7 from top to bottom:

13.7, 781, 449

with »=5.12 x 10+

Inertial range: 62.8<r/np<224

Lines

Theoretical PDF with g = 0.568

{2 = 0.345) by A&A model

in. g’ &) from top to hottom:
(7.35,1.59, 1.30),(4.90,1.10, 1.70),
(2.35,1.10, 4.10)

Connection pts. £ * from top to bottom:
0.597, 0.839,1.53 (x=10.922)

£ m@from top to bottom:

676,95.7, 145

For better visibility, the left PDF is
shifted by -1 unit along the vertical
axis.

PDFs of energy transfer rates (symmetrized)

Closed circles

T T — '
energy transfer ratg energy transfer rate
Kaneda-data mu=0.32 ] Kaneda-data mu=0.32

e 1141Fig1 14E) 1k o 114Figh el

0 n O o0 0 0 0 0 4

10770 Pt i 5 i L . . . . R l ]

0 50 100 0 1 . 2 3
Tisigmay Tisigmay

n = —1.04log, /1 + 13.0,

Experimental PDFs by Kaneda
i/ from top to bottom:

13.7, 781, 449

with n=5.12 x 10+

Inertial range: 62.8< r/n <224

Lines

Theoretical PDF with g = 0.534

( = 0.320) by A&A model

in, g’ from top to bottom:

(9.00, 1.75), (6.50, 1.70), (3.80, 1.50)

Connection pts. £ * from top to bottom:
0.477, 0637, 0.882 (o= 0.928)

& mafrom top to bottom:

1400, 203, 25.7

For better visibility, the left and right
PDFs are respectively shifted by -1 and
by - 0.1 unit along the vertical axis.




Analysis of experiment
measured in superfluid
by Maurer and Tabeling

PDF of velocity fluctuations

Superfluid Turbulence

J.Maurer and P.Tabeling

Europhys. Lett. 43 (1998) 29-34
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Fig. 1

Fig. 1. — Sketch of the experiment; 1: DC Motor, 2: propellor, 3: probe.

Fig. 2. — Time series obtained for a frequency rotation of 6 Hz, at three different temperatures: (a)
2.3 K (at a 1 bar pressure); (b) 2.08 K; (¢) 1.4 K. The time series have been shifted vertically so as
to make their representation clear.




=

(b) ‘

E() (a.w.)
s

[

L
10 100 1000
frequency (Hz)

3. — Energy spectra obtained in the same conditions, but at different temperatures: (a) 2.3 K;:
h) 2.08 K; (¢) 1.4 K. The spectra have been shifted vertically so as to make their representation clear.
b) 2.08 K 1.4 K. Tl tra | | hifted verticall t ke tl tat |

Fig. 4. — pdf of the velocity increments obtained for time separations equal to (a) dt = 1 ms (corre-
sponding to the smallest scale we can resolve) and (b) 8¢ = 100 ms (which is representative of a large
scale), at T'= 1.4 K; the abcissa s is rescaled so as the variances of the distributions are equal to one.
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Analysis of
Granurence

PDF of velocity fluctuations

Granular Flow (Granulence)

F. Radjiai and 8. Roux, Phys. Rev. Lett. 89 (2002) 064302.
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Preliminary analysis in
Econophysics

PDF of price changes
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PDF for high-frequency S&P 500 price changes (Mantegna and Stanley, 1995).
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It has been revealed that there exist two main contributions to
PDFs of those variables representing intermittent large
deviations.

The tail part of the PDFs is determined mainly by the global
structure of turbulence representing its intermittent character,
which is the outcome of the multifractal distribution of
singularities in real space.

The shape of the central part is
a reflection of local structure
of flow fields representing a
wave and oscillation of vortex
due to the interaction between
vortices and so on.




We expect that MPDFA can be a clue to search for the
fundamental process of intermittency, i.e., the origin of
singularities and the reason why the singularities distribute
themselves multifractal way, etc., which may provide us with a
fruitful insight to produce something for the dynamical
approach.

It is one of the attractive future problems to find out two
different dynamics, i.e., the one determines the tail part of
PDF, and the other the central part of PDF.

When the underlying dynamics of MPDFA is revealed by
starting the consideration with N-S equation, it may provide us
with new route to extract intermittency from the dynamical
point of view, e.g., an appropriate RG pathway to intermittency.

Toshihico Arimitsu (U of Tsukuba)
Naoko Arimitsu (Yokohama Nat'| U)
Kyo Yoshida (U of Tsukuba)
Hideaki Mouri (Inst. of Meteorology)




Thank you for your attention.




