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Figurc 1.1. Ormament from the Stone Age. Development of
animals from vortices (from C. Schuchhardt [3]).
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Flgure 1.8. Leonardo: Old man and Vortices; probably a self-portrait (Wmdsor Castle, Royal

Library, copyright reserved). http: //www asahl-Jc com/ |mages/Ihan24O Jpg

From Lugt; “Vortex Flows in Nature and Tech.”
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from Van Dyke An Album of Fluid Motion (1982)

Re =0 TiX, 2ERFNTEIT) 2@ T80,
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YK & Ishii K.; J. Fluid Mech.1982

ZOHIFRIEL . Fo7ZU sl Fp

Faroog, MU. & YK; J. Phys. Soc.Jpn. 1985
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F= 6rnapU[1+RK(S)+...]
S ~ 2/R*
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K = K(8) = g[(2S+ 1) (4S+1)}—48% In

ms+1ﬁ+1]
(4S+1):—1

INSTEL A/ ILAER(=Re) /NS EECDEENME I TIEALY,
YK; J. Fluid Mech. (1986)
BREBFRDT Ia2L—Yay (EFL. Rel):

Yamane Y, YK & Doi M (J. Phys. Soc. Jpn, 1994)
Yamane Y, YK & Doi M (J. Non-Newtonian Fluid Mech., 1994)
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6nau<Z{X=6mrau (1 +%R) <ZiP=Z4"=6nau (l +T96 R)

A RGE?

HEHURB O Ptk
Fi = CijUj Cij — Cji

Landau & Lifshitz: ZEG R OG22 (OnsagerdDAH ke e BE) DJgt ik
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Einstein, Perrin, Nyquist, Onsager, HFEPHEE. Aff 5

ALk = BRI TIXE 7R

HAMWELGE:  Ishihara T, Yoshida K & YK: Phys. Rev. Lett. (2002)
J i AL YK & Yoshida K : New J. Phys. (2004)
HEREFRARELSE : Ishida T & YK : Phys. Fluids (2007)

EERFIMEE:  Tsuji Y & YK:  J. Fluid Mech. (2012)

Closure: Yoshida K & YK: Phys. Fluids (2003)
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from Van Dyke; An Album of Fluid Motion(1982)
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1970LH

Ruelle & Takenes Chaos(N=3l3 2 R) Landau & Lifshitz, 5528k

Mandelbrot Fractal (fL3R)
Wilson& Kogut Renormalization Group D2DFHL14E, Vertex®DiDiA A
Leslie (1973) Developments in the theory of turbulence

AELiRoo#EFBEs  Kraichnan dDDirect Interaction Aapproximation (DIA)

Feigenbaum (1978) JERRIEMILA~DEH > Universality
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dt T

%<X>:M<XX>+V<X>

i<XX>ﬂJ<XXX>+V<XX>

%<XXX >=M < XXXX > 4r < XXX >

PACZU |

Heisenberg, Obuhkov, Millionshchikov, Chandrasekhar,
Proudman & Reid, Tatsumi

DIA: 252 ZIFHBEBY%. Propagator(Response func.)




Lagrangian Renormalized Approximation (LRA)
JFEIFRELDEN=RELBB(EDE R TELIZ R
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Lagrange 2% < Euler 2%k B4

Kraichnan® I :f LRA
(— R LR OGE)
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(‘“+ k)w i T f[ o f e (%+2vk’)U(k;tll) -2ff dp dq B\,, f (Gk; ¢ | )Up; t | ) —Glp; ¢ | YUKk; ¢ | 9)]U(g; ¢ | s) ds,

+ [[ do da Duli@; 419 [ U3 419 s
4 .
+ fdp dg j: (Bi, Glk;r | )U(p; t | 8) — DL, Glp;r | )UKk; ¢ | )]U(g; ¢ | 8) ds
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a

= [[ dpda [ B = DiLIGE; 19U |9V Gir [ 905 (2,
-

(2 + w)ate; 19 = 6@ ¢ 19 f.‘[ dp dg Coe [ Ulas 19 ds
+ ff dp dg Dy Glp; | 7) f Ulg; t | s) ds
~ [ dpaa (D = BunJGla; ¢ | UCg; ¢ 1) j Glkis | 1) ds

%, ffdpdq f (BinGlp; L | Gk 8 | D) — DipGlk; ¢ | 9Glp;s | NU(g; ¢ | 8) ds
(429, Ghrln =1 YK; J. Fluid Mech.(1981)
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YK & Leslie DC; J. Fluid Mech.(1983)
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2R eELEDNS: YK, Gotoh T & Bekki (N,J. Phys.Soc.Jpn.,1987)

Ishihara T & YK (Phys. Fluids, 2001)
HEPEELFRDNS+LRA YK & Holloway, (J. Phys. Soc. Jpn, 1994)

(Canada ¥gEYEWFZET)
Ishihara T & YK (Phys. Fluids, 2001)

ELRIZEAME OPERL YK (Phys. Fluids, 1986)
Gotoh T, Nagaki J & YK (Phys. Fluids, 2000)

2R F-OMRPEEDNS:  Ishihara T & YK (Phys. Fluids, 2002)

2R TEB L3R ICAELFRODOLRAIZ L DR - B, i

FERS R DM ~DEEN . Yamazaki Y, YK & Rubinstein R (Phys. Soc. Jpn, 2002)
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YK & Ishida T(J. Fluid Mech.; 2000)



ST AICEENN D EEM KD — )RR

e

HA 2B NI TR
New York OUEDO—NE-ZDBIELRORFZEZEZD

= WEARIXTZWTHHIZAIZE RSN
27—V DKEX

10" —————ry

10" 10 10?

Yamazaki Y, Ishihara T & YK (J. Phys. Soc. Jpn., 2002)
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Yoshida K,Yamaguchi J & YK (Phys.Rev.Lett.,2005)
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Von Neumann,

...... Under these conditions there might be some hope
to "break the deadlock’ by extensive, but well-planned,
computational efforts. ......

(Report of Naval Research, after IUTAM, 1949)
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[— + (u-V)u] = —Vp +@2u
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2 | 1 | |

| |
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Yeung and Zhou %
Jimenezetal
15 k Wang et al(decaying |
' Wang et al(forced Q
present DNS o

Gotohetal 4 flom 1&K(2002)

from Sreenivasan(1998)
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2) > finite constant or not ? Kaneda et al., Physics of Fluids, 2003 H\i5
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* Navier-Stokes Equations

k EXISTENCE & SMOOTHNESS OF THE NAVIER-STOKES EQUATION

CHARLES L. FEFFERMAN

Princeton University, Department of Mathematics, Princeton, NJ 085441000

Let me end with a few words about the significance of the problems posed here. Fluids
are important and hard fo understand. There are many fascinating problems and conjectures
ahout the behavior of solutions of the Euler and Navier-Stokes equations. (See, for instance
Bertozzi-Majda [1] or Constantin [3].) Sinee we don’t even know whether these solutions exist,
onr nnderstanding is at a very primitive level. Standard methods from PDE appear inadeqguate
to settle the problem. Instead, we probably need some deep, new ideas.

http://www.claymath.org/prize problems/index.htm
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Ishihara T; Kaneda Y; Yokokawa M, Itakura K, Uno A; , J. Phys. Soc. Jpn.(2003,2005)

RELZIMPS/NSIZND TV X — 3% :
Aoyama T, Ishihara T & YK, J. Phys. Soc. Jpn.(2005)

INSIEAR S —)V DL R D dE Pk .
YK & Ishihara; J. Turbulence (2006)
Ishihara T; Kaneda Y; Yokokawa M, Itakura K, Uno A;, J. Fluid Mech.(2007)

RIRPEETIVORGLE
YK & Morishita K; J. Phys. Soc. Jpn.(2007)

TEEDINSIZAR T — ) ~ D%
Davidson P, Morishita K & YK J. of Turbulence (2008)

AHIEDL A VA BDKolmogorovDIiGm~DsEL
YK, Yoshino J, Ishihara T. J. Phys. Soc. Jpn.(2008)
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Farge M, Schneider K.
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Coherent Phys. Fluids, 2007

R R e Phys. Rev. E (2009)
LW I2L—ar ik Multiscale Modeling & Sim. (2011)
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Loitsyansky B DA

I = —/ r*(u-u') dr = constant

Loitsyansky (1939) 02 f
Kolmogorov, Landau & Lifshitz 103 |
Batchelor & Proudman (1956) = 0
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ESTHEKD8H D NI 6415 DMHIEDDNS _
-> 107
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1072 107! 10° 10!

Ishida T, P Davidson &YK (J. Fluid Mech., 2006)

BRI SLRORE Okamoto N, Davidson P, YK, (J. Fluid Mech. . 2010)
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(THNaAVRL) IUREE &I E, KIFEFE i) Kz, YK

(0 : Scalar field

U velocity of the fluid flow
KR . diffusion coefficient

f  :sourceterm

Passive Scalar Advection

oY
ot

+u Vi =rViY+f
u . delta-correlated in time (white noise)
1 (ui(z1,t1)u (T2, t2)) = 0(t1 — t2)Dsj(T1 — 2)

Exact Closure Equations for Correlation Functions (Kraichnan 1968)

(W(xy, t)p(xa, t)p(xs,t) - Y(xp, t)) = (1,2,3,---,n) =¥,

72750 BlinEiEy B HREUICLink TX % |
Q0FE fXKraichnansAh 5



Exact Closure Equations

|
(La+ L)W, =F, olngular PDE

—~

where
82 T 2
La= Z ‘(Dij(O) — Dij(xe —x3)) e Ly = —ﬁ:Z V.,
a#3,ij A : a=1
r;r;
D;j(0) = Dij(zo — 25) = Drt (5@ T dre—1 rzj) )

r =1x, — g, D :constant, d:dimension, ¢ :parameter (€ (0,2))

4-point correlation function equation
LaVy=Fy
Zero-mode

Mizuno Y, Ooi K, Sogabe T, Yamamoto Y & YK, Phys. Rev. E(2010)
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Universality in thermal equilibrium system

e
1662, Boyle’s law (pv=const)

1787, Charles’ law (pv= nRT) B
1850 - 15, 2" 3 [aws in thermodynamics
1868, I\/\axwell Ergodic hypothesis

1887, Boltzmann’s principle (S=k In W)

1902, Gibbs

1963, Sinai Dynamical Billiards

BlgGm > el > BEANEES (mla—ReEH))
TR0
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Performance Development
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