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The Great Wave (##%53)I|HIER) Starry Night (%)
Katsushika Hokusai, 1830 Vincent van Gogh, 1889
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B S. B. Pope, Turbulent flows, Cambridge, 2000
ZH3M, HFEBHMABFEIR, 2010

B P. A. Davison, Turbulence: An introduction for scientist and
engineers, Oxford, 2004

B OSJRIN, EER, IFER, ARt 5, FEXFH R4, 2005
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Theory and Modeling of
Turbulence
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Flows

Stephen B. Pope

P. A. DAVIDSON
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OG. I. Taylor, ZEE&HFIR

OL. Prantdl, EESZERFIR S
A Voyage Through

Turbulence
OA. N. Kolmogorov, #HZHIZk

Peter A. Davidson
O @R, FELRAS
Keith Moffatt
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18-19tH 42 SRIFE RNV B F A

B RIAEEHBE S SRR . Euler 525 Navier-Stokes 512
B BEiNavier-Stokes A IR R FHE M S ta 2 AR,
W EE Clay¥EMRFAIAFT TE KB EHER 2 —

I %
CMI

Millennium Problems

Yang-Mills and Mass Gap
Experiment and computer simulations suggest the existence of a "mass gap"
But no proof of this property is known.

Riemann Hypothesis

The prime number theorem determines the average distribution of the primg
average. Formulated in Riemann's 1859 paper, it asserts that all the 'non-oby
1/2.

P vs NP Problem
Leonhard Euler George G . Sto keS Ifitis easy to check that a solution to aproblemis correct, is it also easy to sc

the NP problems is that of the Hamiltonian Path Problem: given N cities to v

%“& _ﬁ % , % EE _ﬁ % %é& %‘ % y %i@ %‘ % solution, | can easily check that it is correct. But | cannot so easily find a solut

Navier-Stokes Equation

Thisis the equation which governs the flow of fluids such as water and air. Hi
solutions exist, and are they unique? Why ask for a proof? Because a proof giv

ERAXEFETIERMEERE Wi Bk 12
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(1.} .“"hen the velocities were sufficiently low, the streak of colour extended in a
beantiful straight line through the tube, fiz. 3.

Fig. 3.

=

(2.) If the water in the tank had not quite settled to rest, at sufficiently low
velocities, the streak would shift about the tube, but there was no appearance of
Binnﬂﬁity,

(3.) As the velocity was increased by small stages, at some point in the tube, always
at o considerable distance from the trumpet or intake, the colour band would all at
once mix up with the surrounding water, and fill the rest of the tube with a mass of
coloured water, as in fig, 4.

Fig. 4.

Osborne Reynolds
IR 5K

Any increase in the velocity caused the point of break down to approach the

trumpet, but with no velocities that were tried did it reach this.
On viewing the tube by the light of an electric spark, the mass of colour resolved
iteelf into a mass of more or less distinet curls, showing eddies, as in fig. 5.

Fig. 5.

\‘_ TG ([
Phil. Trans. Roy. Soc., 174 : 935-982, 1883 P
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1904 A F EHZRIRE L

1904FPrandtig Hia A EEIL
BRI NEMRNR AR IE R R e E SRR Th
B 1925%FPrandtiZ B EE KB, i AmERim AR

Ludwig Prandtl
BRI TIZEEN Prandtl 57K;ELIE &, 1904
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B 20t SERETHE, MRS, BENLTIZIRIS S NYIIES T2/
AR Z REHIE IR, B EEXEK

d

B Taylor{¥imii F

Albert Einstein
YRR
1 BRE sh# F ik

Norbert Wiener
N F#5 2R
B FE A 5 SR OR

Geoffrey I. Taylor
NEXR, NMA#EE




B RichardsonBy/MFER T Eimab e A AREEsE/NR

Bz fRisidis
l ODO large scales

QOOQ O O inertial scales

nletosvraiag'a'e

0000000000 V00000000  dissipation scales

Lewis Fry Richardson Big whorls have little whorls,
S&FERK Which feed on their velocity,
And little whorls have lesser whorls,
And so on to viscosity.
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1930s-1940s jmmERiL iR LE

remember that Lamb remarked “I am an old man now, and when I die and
go to Heaven there are two matters on which I hope for enlightenment.
One is quantum electrodynamics, and the other is the turbulent motion of
fluids. And about the former I am really rather optimisitic.”’ (I have quoted

S. Goldstein, Annu. Rev. Fluid Mech., 1:1-29, 1969
“BREHFAEBEAEXRZRSIRITORANETR, — TTRETFTEINNZFE,
H— MR mER. T — 1o (EFExINFE) HARW. 7

Horace Lamb
YIRER, MAHEFER
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Theodore von Karman
NER, REIRE
REEEBERHNFELE
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TR NFIME=KRES
Prantdl, von Karman, %3 7#x
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B 1935-19384EG. |. Taylork RH AR OIS
B S| \KBERHEBEMPINEFRRTE

B FOimAGZGiTIEL, FaatffxBEMMRIEAAEENR

T T
LAY
’_ﬂ//ﬂ /'.'.-.4
Y Y]

77

\\
Ly
//
U/w

. \
/ / 02 \ \\
1

/ d [ A=0-143" /+
\ 1032 294
g1 m

6 8 10

I
-0-4  -0-3 -0-2 -01 0 01 0-2 03 04
Y inches x/M
Fig. 1—Measured values of R, = ugu,/u, behind 0-9 inch by 0-9 inch honeycomb; F16. 2—Decay turbulence behind grid of flat strips; @ =1-5 inches; d =0-5 inches;
i 4+ M = 0-62inches; (i) U’ = -0-7+1-32 x/M

u* = 0-1015 (ft sec)®

i XU SEIE B3R 5 S i IR e Ful Xt B
G. I. Taylor, Proc. Roy. Soc. Lond. A, 873:444-454, 1935
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1939 jmRiE A o] jl

E R B ysE Sl
B ESHRES mRENIER
B R 2R TRRITERER

In this generation there were at least four giants in fluid mech-
anics from four countries; men who had, each in his own way,
tremendous influence inside and outside his country, certainly by
contributing to the development of areas of fluid mechanics, but
also by providing intellectual and personal leadership; men of such
stature that substantial numbers of distinguished workers in fluid
mechanics in each country could trace their academic lineage to

TF . that great man. | have in mind von Karman in the United States,
M . D M |”|OnSCh|kOV }—.Ii I}— Kolmogorov in the (then) Soviet Union, G. I. Taylor in the United
PRy e FRyr [ey3 ,_-_. Kingdom, and Pei-Yuan Chou of China.
IR K MIEFER, HF

“B—RAPZLEOMREUNERBRENFER. —’ﬂzu?ﬁl]ﬁ’]ﬁilﬁ’]von
Karman, ZERG. |. Taylor, 7BAIKolmogorov, &4 S E/ELER
J. L. Lumley, Annu. Rev. Fluid Mech., 27:1-15, 1995
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1940s BFIHEHN LR

B T =% Navier-Stokes F 2RI E K BRBO AT BEE, BigkS
MEHFITEN S RimRARNER

John von Neumann

e Sk
MR, MK EABIEA L — i

ENIAC, R FE—&8BAHBEFITE
EMZERITKE, 1946
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NI 10k
;ﬁ“ﬁ;ﬁ E-LE %IJ Rr_l_EjJE,Jjﬁ ;JLT-i :\:\10 -
o s
mEZHNImMIEIRRZ— (K41)  Fw|
10° |
FEL PRI ARSI RIGUE I
10'; VAT 1965, ke 318
10“2 Saa 1968, B 3 e
0, emsemm
102 |
102 |
107 |
10'5; :
;
KM
A. N. Kolmogorov KA13Bi% fh-5/34E M SEIR IR
MER, BIEEABUASR S. B. Pope, Turbulent flows
Cambridge, 2000
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1944 K41FEiLHY R %E

B KA1 RIE 5 E M 2| LandauFEF H REE

B Landaw A\ SRR imehREFERIERT =R o ik A~ 155

Lev D. Landau
MIIEEF3R, 1BIUREE

b

> g,
‘_lr.} "'-:.' L

BRI L I im AR T 52 AR RS
(Kaneda & Ishihara, 2006)
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1944 53X 3ip

B Landau(1944), Hopf(1948), Ruelle-Takens-Newhouse(1978)
B Landau-Hopf I 45 1 ER-imm g iR — M Al sER B N F B2

NANRGY R THER-mRAEREE

. —()— O .
RN L |

& E = — IR H 37T A FWE|F
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1947 KA13ie1E Y 5 E RV IEH#E

B Batchelor| = iF #3032 #k & TiKolmogorovZE 1941 FFE YIRS
B [E]F{tHeisenberg. Weizsacker. OnsagerigH F{ULEip

No. 4024 December 14, 1946 NATURE 883
DOUBLE VELOCITY CORRELATION dissipation per unit mass of the fluid (¢). The second

asserts that the statistical characteristics of the

FUNCTION IN TURBULENT motion due to the larger of the eddies contained within

MOTION* ';iA ci)ngibution ttg thc::A Tulr.bglelife clslgn;posiltlu:?dati theP Sri:i::hl?i[lxlxrtier-
national Congress for ied Mechanics he n Pa n
By G;,? BATCHELOR September 22-29. op i
Trinity Lollege, Cambridge correlations between velocity differences. The second |

Werner Heisenberg C. von Weizsacker Lars Onsager

MIEFR, HIURREE IR F 3R MBI FER, GIUREESE
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1949 i/ R E I8 &k

B LImRiREEShMEeE, iI5h
KA41IB1 1 =M Gt = TN B ER P

George K. Batchelor
HER, SHRENZEREIFM

2u
ox?

SIFFIRITIES R
G. |. Taylor5Batchelor

o
s

SLBS & PimomiR 5 = TR AV E) 8R T
(G. K. Batchelor & A. A. Townsend, 1949)
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1959 E-T 1At im R 24T RS

B KraichnanF1959F 11965 2 H E T IR ISR B MR
Iie, HNSHEH A IEITHES HKA41I212 P aY-5/36E1E
B A THERRE NN FR ISR EYIE R LT

REFE—EFIN, REEWP. G. Saffman

o
</

Fioure 1. Classification of triad interactions for computing the transport power II(k).

152 (8] P HEE{E R B FouriertR 7S Robert H. Kraichnan Philip G. Saffman
J. Fluid Mech., 5:498-543, 1959 #3833, ZFEHMBMFHF NRA#ER
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1961 jmi A3 RY 53 7Kg

1961 FEXESFEmrsil, —FiaRFEARAERE

B 2HZ0%F: Favre, Batchelor, Kovasznay

B &S A: G .| Taylor, von Karman, Kolmogorov,
Obukhov, Yaglom, Millionschikov, Liepmann, Corrsin,
Lumley, Roshko, Saffman, KraichnanZs

B Kolmogorov{Z IE [& fe et BUKA LR 13
B Kraichnaniz i £ % 1TIEIL
B Batchelor¥imi it 4B Ie R = LE

el

= lEBatchelorfH g 5 iA I FHM
H. K. Moffat, J. Fluid Mech., 663:2-27, 2010
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1963 REMRE EHEIS
B EIERS | A RBE.: mARHEMNR, T2 ?

)

L\/‘\/\NV\

N
= NANYY Y

N N AN N -
Edward Norton Lorenz m\f \/\] N T '\[

HFER, SRFR

I'te. 1. Numerical solution of the convection equations. Graph
of ¥ as a function of time for the first 1000 iterations (upper
curve), second 1000 iterations (middle curve), and third 1000

“___ /I:\I. Eﬁﬂ E% E Eﬁié ?E :ﬂg H%; E_l- u%ﬁ iterations (lower curve).
— 1M RARERFEHMNBN—ZEZEN. 7 W H IR ERVESUR T
E. N. Lorenz, J. Atmos. Sci., 20:130-141, 1963
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1963 KAt

B KRE: BEKkBRAAREED, fRERRIVNNRE
BRI RKREEEIR N0

B Smagorinskys R H AXRIEIEE AT XS RZEMR

B HAHOARRRRIENAPRENENmRITERE

Y i A AR AR E kB 47 o
J. W. Deardorff, J. Fluid Mech., 41:453-480, 1970
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1972 E¥EHEEN

B 55 ZEE M imiR

Numerical Simulation of Three-Dimensional Homogeneous Isotropic Turbulence

Steven A. Orszag*
Depaviment of Mathematics, Massachusetts Institute of Technology, Cambridge, Massachuselts 02139

and

G. S, Patterson, Jr.§
Deparviment of Engineering, Swarthmore College, Swarthmore, Pennsylvania 19081

(Received 6 December 1971) Steven A. Orszag
.~_‘z..—'—-
S. A. Orszag and G. S. Patterson, Phys. Rev. Lett., 12:76-79, 1972 R A=
s|_|_| s
N 1; L_/ﬁ'ﬁ/)ll.
J. Fluid Mech. (1987), vol. 177, pp. 133-166 133

Printed in Great Britain

Turbulence statistics in fully developed channel
flow at low Reynolds number

By JOHN KIM, PARVIZ MOIN anD ROBERT MOSER ‘ﬁ‘

NASA Ames Research Center, Moffett Field, CA 94035, USA . .
Parviz Moin

J. Kim, P. Moin and R. Moser, J. Fluid Mech., 177:133-166, 1987 Bl HFIEfE A FCTR
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B ﬁd\ﬁ 2R E BB BRI 44

SR ZAREm
(Tobias Wallin, 2010)

Benoit B. Mandelbrot

R BT PR

(NASA, 2012)




1974 w4544

AR R iR B SN IEREL R, MEAlPAEF
— R EEYimiR P S R UF S A IS EERE

Anatol Roshko
RIRNESR

e e BRI S FEE
G. L. Brown and A. Roshko, J. Fluid Mech., 64:775-816, 1974
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19082 ER{LETEIL

BURALIES ZTRESHREITANIEIRG A
B 1986F Orszag#| A ER WA IERWE MM IREFIEN R

Tl
T

In this last category are the problems of fully developed turbulent fluid flow,
critical phenomena, and elementary particle physics. The problem of magnetic
impurities in non-magnetic metals (the Kondo problem) turns out also to be in
this category.

In fully developed turbulence in the atmosphere, global air circulation
becomes unstable, leading to eddies on a scale of thousands of miles. These
eddies break down into smaller eddies, which in turn break down, until chaotic
motions on all length scales down to millimeters have been excited. On the scale
of millimeters, viscosity damps the turbulent fluctuations and no smaller scales
are important until atomic scales are reached.?

In quantum field theory, “elementary” particles like electrons, photons,

protons and neutrons turn out to have composite internal structure on all size

scales down to 0. At least this is the prediction ofquantum field theory. It is hard

Kenneth G WI|Son to make observations of this small distance structure directly; instead the particle

=24, e A o Y e A= scattering cross sections that experimentalists measure must be interpreted
YIIRER, 1EIURREFE E P ;

WilsonfEi DURRMB A L MR T R T BAF PRI & Rimii
BTEPNIEFIAR . ERRFEREEH NS RE B
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f" Fﬁq:ﬂf. 2 /)u. ;ﬁ""ﬁ;m.l%k%

Stephen B. Pope
PDFAEEEHCZE

Turbulent
Flows

Stephen B. Pope

B Popeig HETHERZERE (PDF) BY;
B FIEmRGHIELERMERT AN

MR 2 J7 A2

im o a m K kaEy
KRIER/PDFAEITE
(Hiremath & Pope, 2012)
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SR A KR &L (Stanford, 2013)
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SR AGE I EE(Sandia, 2011)
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Richard Feynman B A B 53 73 7R IR B BA S B i AR i R i 51 g
YIRFER, 1ENREESE U. Frisch, Turbulence, Cambridge, 1995
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