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?That the questions considered are determined by the techniques available is not a reason for
despising them. Mathematical work can be of tremendous importance in the physical conceptions
one has about fluids. Without the d’Alembert (and other paradoxes), who would have thought
it necessary to study more intricate models than the ideal fluid 7 However, it is usually through
paradoxes that mathematical work has the greatest influence on physics. In terms of existence
and uniqueness theory, this means that the most important thing to discover is what is
not true. When one proves the Navier-Stokes equations have solutions, the physicist
yawns. If one can prove these solutions are not unique (say), he opens his eyes
instead of his mouth. Thus, when we prove existence theorems, we are only telling the world
where paradoxes are not and perhaps sweeping away some of the mist that surrounds the area
where they are.”

M. Shinbrot, Lectures on fluid mechanics, Gordon and Breach, (1973)
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MZD1D2TH5H, bD a FRDHE (a- V)bl

(a-V)b=lim b{r +ca) — b(r)
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2725,

ARGAN

V(gy) = ¢V + (Vo)
div(pA) =V - (pA) = A-Vo+ ¢V - A
div(Ax B)=V-(AxB)=B-(Vx A)— A-(V x B)
rot(¢A) = V x ($A) = ¢V x A — A x V¢
rot(Ax B) =V x (Ax B)=A(V-B)-B(V-A)+ (B-V)A— (A-V)B

V(A-B)=Ax(VxB)+Bx(VxA)+(B-V)A+(A-V)B
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III. BAHRERZHE D |

The use of operators frequently effects great simplifications, and the avoidance
of complicated evaluations of definite integrals. But then the rigorous logic of
the matter is no plain! Well, what of that? Shall I refuse my dinner because I

do not fully understand the process of digestion?

’Oliver Heaviside,” E.T. Whittaker in “Electromagnetic Theory”, O. Heaviside(1893)
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IV. REHERDRE

The problem of discovering exact solutions of the Navier-Stokes’ differential

equations presents in general insuperable difficulties, a condition principally due

to the fact that they are nonlinear. Nevertheless, in particularly simple cases it is

possible to give exact solutions, either because the “quadratic terms” disappear

by themselves as a result of the nature of the problem or else because the problem

can be simplified by some suitable assumption

The mechanics of viscous fluids by L. Prandtl, in Aerodynamic Theory Vol.IIl, (ed.) W.

Durand, Springer(1934).

A. Burgers i3
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Z OFRITHBED H 5 F1E http://dnslab.at.infoseek.co.jp/ WBHEITRH0 Al
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V. EFIVHFER

His account of the people who influenced his professional life will fascinate
younger fluid dynamicists, to whom he is perhaps known as the inventor of the
Burgers equation. (“A very simple equation,” he said to one of us recently
with typical modesty, and we had the wit to reply: “Yes, but so is the Laplace

equation.”)

M. van Dyke, W.G. Vincenti and J.V. Wehausen PREFACE to of Ann. Rev. Fluid.Mech.
7 (1975)

A. Burgers X

Z o FFENE 1939 4RI FLIRBISR 2 R THFAMRET )V & L T Burgers I & > THEAE
Nz, UFICRS X2 oBENE, vES TH VEERD b 2 A4 ARV HE Z b 157
WEWDRATH 03, Bl L OB OBERDOFRICKELANL>TEZ, b & bifjiin
N=D a VIZUTOMY Th 5, @FIEZ 0HFENE SL T Burgers HRERLIERZ 232
WEkOTH S,

ou  Ou_ Ou
ot " Yor ~ Vox?

22T RIS u = u(z, t) SRR, B XIS u = u 2T S &
T3, Z0hER (27) ORHE FIETERD & 5104 2.
(i)

(27)

ou _
oz
EBTIE, 2FE SRy = const. L MG O NIRRT DI 2RI Z LT ERW,
(ii) PRI D ZEHUC LV (27) 1T BEITHIEAL T 2 2 LT & %, Forsyth-Florin-Hopf-
Cole ZE#4

0

w= —2w(log ), = —20 2%, (28)

(4
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I2&-oT (27) %
o _ v
ot ox?

ICIRBETHZ M TE DL, 2B, Hopf(1950) & Cole(1951) V&AL 1% 0 IR C
(28) ZHFHAL 7z, MAETEWLUIN O IR T, Z O ZEH UL T TIT  Forsyth(1906),
Florin(1948) IC ko TCHEE LMSEN TV Z & 2589 5. A. Biryuk(2004), ”Note

(29)

on the transformation that reduces the Burgers equation to the heat equation,”

http://www.ma.hw.ac.uk/“kuksin/students/bir.ps

PR,
up = —2v(log )y = —2v(log )y, = —2v (%)
REET S, (28) BLU
Un = _2V¢w$¢ - ¢£
%
u2
Uy = (V’U/z - ?)w
AT S L
BEeENL, 2D
—2v (%)x = (—QVquzw)m
Z x I DOWTHESTIE
wt = Vwmm + C(t)w
lrb, Helk., BHE
t
¥ — pexp (—/ C’(t')dt')
CE S AT L,
bL. 1RcihE
_ _au
YT T
LREFRT L
ow  ow  , Pw
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b, TORMS ., KiMERE v =0 &L 2SS, AREETERT LENH 52 L 1TH

MCTH 5,

EHN RSP SR OVHBERANEZ S W GE . MOBENSTRTERNZ 0D 5,
D& IWGE. ROBEFE GO, HIAE B CHEENE INZZER R OMAEbEIC DR
KET HR) IEL T, BRI LML TZ &L 4Tb b, (Navier-Stokes HFEA Y

Zo2TH5.)

YIRS . WMETEE B D Burgers HRERO%E H OAMDMNTEFE T 2T H D 1520,
(A L 72 BHERH AN b O o0 BERIRIP SHENTY, ) 22T, ZoHEofR

DI ZNZEBEIRT D,

v 71¢U( MT—Q>

BT, ERTTERISHL T

1 dU dU  d?U
3 (V€)=

WS HTEAMNELNS, 22T

TH b,
BEREM U(+oo) =0 D FT 20 THEYE THUE
av 1

EE_§U(U+§)
TV =1/UICkY

dav 1

g€ —5(1+¢&V)

7%, ZHIEIFRIRIIE AT, T O
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LET 5,

U—)%, as & = Fo0.
THHDT, D L 1I1TDONT

_l/g* 7/ 4dn = 0

¢ 5 i e n=0.
LB, k0T, TIT U~ o, T Y MHA TR

n YRIhik Burgers H T2\
n RIGHEE u(z,t). GASGNT AT w(e,t) (nIRITNZ7 hV) 1L

aa—?+u-Vu:1/Au+'w

BEX D, BHER
u=—-2vViogg, w=-VN

AT T

9 1

LRI RS TR 5, (SXEXOr— At n=1, w = 0IET 5.)

VI. LERAY DR

Navier-Stokes ST O NI L WF5ELE Leray(1934),”Sur le mouvement d’un liquide
visqueux emplissant I’espace”, Leray, J., Acta Math. 63 193-248 IZ & > T, ARRINTIEE -
7zo Z OWHLINZR GRS DO JERA http: //www . math. cornell.edu/ “bterrell/leray.html I
% %, Navier-Stokes HFE D5, 1@ % Leray-Hopf D ZRTCFAEN 5, Hopf DX DIZER
l¥http://www.dam.brown.edu/people/menon/am224/hopf-NS.pdf 2% %, Navier-Stokes
TR DR R DV Cid [001,FO02] 22 & 2 SR L 1280,

RIS RID H NS Rosen(1970) IZ L it esh /T VB Y T =3 3 VI & > THEEE
EARAL T2,

*N-S FREXOHM (D =R?)
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solutions turbulentes =55fi#

0
8_ltl+(u Viu=-Vp+vAu, V-u=0

/ /u —dmdt—/ u(zx, dw—/ / (u - V) dedt
—1// /u Awdmdt—i-/ /p Vpdzdt,
/0 /Du-Vzpdccdt:O

o Leray Xt E % filter M[RAAEL (£2%[H)

%—?—F(u Viu=-Vp+vAu, V-u=0
u- -5 (5)
u =uxps(x), ps(z) = 3P \5
o Hopf (1951) H L V¥ ¥k, 45 IRAEE

TRIVE — K&K

1 t 1
é/\u(w,t)\de—i—V/ /|Vu(w,t)\2dwdt§ 5/\u(aa,o)\%za:
0

VII. [EIRED K

UTEBERICTy 2y ADRFELEAAZ L EHNE T5,
WA EXOMOIERIM D7z DYEIAEDNANA L F L OTHEL,

A. N-S H#EX
T 2
/ (maxul) di < o, WSE [1] (Serrin 1963 1572°)
0

/OT (/ |w(t)|2dm)2dt < oo, KT [P (Leray 1934)
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*Euler HfE\
T
/ max lw(t)|dt < oo, [MEIRIT] (Beale-Kato-Majda,1984)
0

BIRURATIC BT 5. BREARFHEL L T, RS RIC L 25HRH 5. (DA TFEDE
A BRSNS T S) chickhuZ = 2h BT 4 — Q(t) = |jwl|?, ICKL T, LA
TORRFHEFEO NS, (GUTIE, —HARIREOARZKL 725 D VAME» S 0A
DHEIENTH L. ) IFORENZ, IR 6 FRITTE 2,

* 2kJT

dQ(?)

g <v 'Q(t)?

Q(t) T4

REICHHDSEE T 2ICRA 208
T
/ Q(t)dt < oo HIRT- IV F — DM
0

CEEDHIIIRN R OFED LIHT D, ) 6. REZ OREMHISEERTE 5, 2% Y 29Kkt

FEMERIZIERI TS 5,
* 3IKIC
dQ(t) 3. .3
o < Q(t)
Z O%HE

EEICHEDRE Sl H 5, Ll
T
/ Q(t)dt < oo FIRT 3L F —D%pE
0

ZEELTYH. ZOWERITHERT S0,
LR Z DFHIE. AT OBKRCHREP A Z OWFIEHO b D TH 5L, v* E(t) Q(1)°
PKTE (LT3 % DL LTHUND cld c=3, =ZZL E) = |ul2..
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B. &, Euler " ERDFHEMZRT Z ENHHELRDOMN?

Zhid, ERGEADIEVEIECIA T, ERFMEZ b o 6TY, 2%V, Euler T2
A RMB G ENA I BE L T 5720 TT,
FEN%Z Rz, JERE Burgers 7822

ou

EHARNEIR LD £9. Zo5E, FEMREERT. AREETRDSZ & 2R X
¥, Euler FEATIE. EHEBPINEZHT 5720, FHEMERIZEH 2008 S DARPITT,
CRHPERIRR D FTED G A 72 0)

C. HB¥,. N-S HFEXDFAMZRT C & ITHEEL DM ?

N-S AR R G EA O BIERNE T 7,
ZK 7t Burgers 2R
ou

n + (u-V)u=vAu

D, EBIEAITH L Z 23O NTHET, RITTPRAL 2D THATTA. LRIl
WV K LFHIETIERIE Y AT, [ERIMZ/ RS Z IFHRERA,) LAL, 2054

supg [u(x, t)| < supg|u(z,0)|

MO Z EMALNTHET, hEd RREREL OO, FEORTIE "#177 ITHH
$5, LT |u(z,t) < M = 1EH] Kiselev-Ladyzenskaya(1957)
bbb AL u= Vi DEEITIE Forsyth-Cole-Hopf ZH#1% o> THWWTT,

L2l EHEDD 5 & RABREMNFEALR 82D T N-S HEX O EAIT AR &
20 £Y,
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