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In His research,
by scientifically clarifying the dynamics
of flood flows and the hydraulics of river
channels, he established hydraulic design
techniques to quantitatively evaluate
external forces, enhance riverbank safety,
and reduce flood damage. In addition, he
has established highly safe and creative
river channel design and management
techniques that harmonize flood control
and the environment.
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Solving the mystery of the construction of the Great
Pyramid of Giza, they used rivers.
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Hydraulics and
Fluid Dynamics
Summit 1n 2022
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Hydraulics has a history
dating back to BC.
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L. Euler
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LA >/NIL bk« 45— (Leonhard Euler)
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Bernoulli's
theorem

H=—T)L - R)LX—A (Daniel Bernoulli)
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dm=0 dv)=0 *__%
p |4

Lagrange M5 EulerjZ~ D EH

EulerDE=RFHIEEFHAER
1dp

p dt

dv

po; = pPX—gradp

Showed by L. Euler (1757)

= —divv
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What | will discuss
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Brief history of the viscous stress in
the equation of motion of a fluid
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Overview of the history of fluid dynamics up to
the birth of Navier-Stokes equation

Bernoulli(1738)

Navier-Stokes 5 2R AE
F COWMKSIZDRER

e A
dv

; pﬁ—pX—gradpﬁquv
& Navier(1822)

p% =pX—gradp+ /,IV2V+ ;(graddivv+% pgraddivv
|
Stokes(1845)
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The brief history of governing equations of a
fluid up to the Navier-Stokes equation

. dv
gz\g‘;(;nji (5= p I = pX
Euler /7125 pd_v = pX — gradp
(1757) dt
ge;\;i;:;ﬁ Feak p Ccil_lz = pX — gradp + uvV?v
Navier-Stokes /7 F2 = p d—v = pX — gradp + ,quv
(1845) dt

+ % pgrad(divv)

P : mean pressure
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The following quotation from Stokes (1845) shows that he was

quite aware of the difficulty involved in the rheological aspect of
hydrodynamics:

Chia-Shun Yih (1979): Fluid mechanics, West River Press, 622 p.

... we may at once put 4,=0 , if we assume that in the case of a
uniform motion of dilatation the pressure at any instant depends
only on the actual density and temperature at that instant and not
on the rate at which the former changes with the time. In most
cases to which it would be interesting to apply the theory of the
friction of fluids, the density of the fluid is either constant or may
without sensible error be regarded as constant, or else changes
slowly with time. In the first two cases, the results would be same
and in the third nearly the same, whether w,were equal to zero or
not. Consequently, if theory and experiments should in such cases
agree, the experiments must not be regarded as confirming that
part of the theory which relates to supposing s, to be equal to zero.

On the Theories of the Internal Friction of Fluids in Motion, and of the
Equilibrium and Motion of Elastic Solids. Pp. 287-319. By G.G. Stokes, M. A.,
Fellow of Pembroke College. Read April 14, 1845.
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Representative textbooks on Fluid Dynamics
in the world

FLUID
DYNAMICS

21

SHI) . RAENZ GTHR)
274 MK Witkdtho h2y Professor I. Imai, 1973
& F 19 F H (mean pressure) b LBZ kicL)5. 2 A A 0ok, i
BAVPBEAOEDFF A LERERTVENLTHS. i, REHOML, P bkb
FIROXABEAOF, Fiebd py ThoT, WEROL Y HIEbRv2Y5—
BTHS. 0T LY p EEH BRI S,

&T, (60.2) BHFF 4, j lcovTHIMThiE dvi it
inner stress of Stokes ; ;/secon LR
Piu=—3p+ 320 + 200, ' ey=26.

Li=®-T, (60.3) itk D -
introduction of the Stokes’s mean pressure, P

~ 2
p=p—(2+2u)e (60.4)
DREFESFLND. 6 DR ’
second viscosity coefficient of Stokes, U
#vni"‘%{! (60.5)

R ® (bulk viscosity) & XiTh3. HHELOMFIC X > TREH 1L

RETOEINLTHEE .
Pages with content related to the

Navier-Stokes Eq.

22
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MELTYWBAETE, EHpREEe Lilr T ok
(60.4) IcXhiE, FHEH p 1 o, T D& b4 (e

5. fezid, RUOGEOM S5 L LT, Thsipieigic)

; 1
Ji-
o
<
i
~
o
=

FEVATL 2O - =
KHVTYh, TORFI Y - T3 SR fJﬂL..i_' MBB LA b THS. Stokes

q I __
2 hypothesis of Stokes, (l° = 0
o = ;‘_-v—é—;lmn (60. 6)

DRV O LEE L. it Stokes ¢ Bl {& (Stokes's relation) L LifhTv 5.

[

T OEEEFRATIE (60.2) ik SSha el
Stokes’s constitutive eq.

2
PU e (p -} .i 4’”’-))'}(} + pegy (GO 7)

LY, FHES P EHULRIBTOES, 2XVE0L 0! HHE & RE D XN E
KEoTEEBENPREELVEVWS S bich . (60.2),(60.7) @ X 9 I A sl
Eo1xNTHbENS ML Newton i 4k (Newtonian fluid), %5 Chvy o 3k

lew e N eavithnis . et A
Newton i {& (non-Newtonian fluid) Ly 5, AT ans Y Cidk Newton

1
Ojj = —(p - /'ldwv)é'l] + 2# €jj — gdivv&j

23
284 MR Wikltko h
enepn = (Gu' + %eﬁn) (fu' + %Odu)
= egpleq 4 -;— Ben'dqy + -3-636,!6“ .
=en'eq’ + %Ge“’ -+ % 63y
=ep'en’ +%9’- Vo' =0, dy=3
Thilb (63.5) Bbhs.
® PR L SRBETRTIENEHAT, P20 AFTRIY2LOLE
R RERDLAE. LIBER 6220, enlen 20 THING, F S0, pZ0
EREhS. 0¥, WER # 4 BLLEAGURRED RBVDOTHS,
vE, U >0 &1‘6&. e’ =0 DX 5 HEH, ok D%jz‘#m#fm%{bﬂ
HHWTh 0 >0, ThbboRElRohi s ichs. Z0k5h ik
HYEILEVEVHOR, KEHHER /¥ % 0 LEETS 1 20BRBIKE TV 5.
(bolb, TOBRBLSE VRGHNDS LiXBLE.)
But we don't find this explanation very convincing either.
24
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Stokes’s equations of motion of a fluid.

motion equation

dv

1
P = pX — grad(p — Adivv) + uV?v + §ugrad(divv)

constitutive equation

1
Oij = —(p - Adlvv)é‘u + Z‘LI <eij - §dlvv6u>

Newton-Stokes’s viscosity law

1
Tij = 2[,[ <eij - § dwv5u>

p: thermodynamically
equilibrium pressure

A: second viscosity coefficient

FEEEE 1=0.6-0.7

25
After seven years of struggles, Nakaza has finally
derived the following viscosity law and equation
of motion of a fluid, in 2005.
motion equation
dv ) ]
P = pX — gradp + uV<v + ugrad(divv)
constitutive equation
= —1 .. p: thermodynamically
Tij p6” + Z#eu equilibrium pressure
viscosity law
Tij = 2ej;
26
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Verification for N2

70

60 — 0

proposed eq.

Stokes-Kirchhoff

T T | T | | T
20 4 60 8 100 120
f/p (Mc/atm)

Attenuation of sound in N2 at 29°C, plotted against frequency-pressure

ratio in MC./at. (see Zmuda), Table I, 1951)

2RFRIR, ZERHRAIN2) [T HERIESRERIED LLE (K —3)
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Nakaza’s viscosity law and equation of motion of
a fluid, in 2005.

motion equation

dv

P = pX — gradp + uV?v + pugrad(divv)

constitutive equation

gi: = —00i: + 2ue;: p: thermodynamically
Y P Y H Y equilibrium pressure

viscosity law

Tjj = 2[e;j

28
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Stokes’s equations of motion of a fluid.

motion equation

dv

1
P = pX — grad(p — Adivv) + uV?v + §ugrad(divv)

constitutive equation

1
Ojj = —(p - Adwv)é‘l] + Z‘LI <ei}- - §dlvv6u>

Newton-Stokes’s viscosity law

1
Tij = 2[,[ <eij — § dlvv6”>

p: thermodynamically
equilibrium pressure

A: second viscosity coefficient

EEGER 1=0.6-0.7

experimentally given

29

FLBBDECIB DB Examples of descriptions

. . you will often see
continuity equation

divv = 0 law? or governing condition?

motion equation for an

incompressible flow ;. ier
dv

Pt
unknowns: u, vy w, p,p 5
equations: 4

Stokes equation?

= pX — gradp + u*Vv

p? p7? governing equation?

L ERICH-oTWAIEF, BEBELTHEMLTLWADTE?

30
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Examples of explanations of basic equations

2. WFZ

R TR B SRS T XTI TH S
bOEEEL, RNOXE SRR E L TUTF 0o
R & Navier-Stokes FEER ZHET 5.

Vou=0 (1)
du

—a?+'u-Vu+Vp—Re“V2u=f (2)

ZZIT, u, p, t, FlRENTHREXY B, Eﬁ. kf
i, BLOMENEERL, £, BEVIISIS5L7
ST =(8%/02% + 8% f0y* + 82 /02 B R T . b, 1

HERAEXDRAEH
[, Examples of explanations of basic equations | |
CIRFERGIENTL & U CARITd 5. AKOEENFITC VD
G, EEHRERIIL FO LB THY, GiET L
+ L C Smagorinsky £ 7 /LA VTG,

ou
i_ 0
Ox, @)
Du 1 dp 0
—_— = - — + 2 +v,)S
TRy Lo s, o
Vi = (CSA)Z 2SSy @

Z AT wbE, AR AR N CEE T Uik TH Y,
FREE OFRIEE, SR Ao, pld, B TINTIR
TV U2, g /X IIREE, pid, [EJ)& SGS it
TNOEETTRGy O™, v ITEREECREL, Sy, O i
Tk, G Smagornsky SEEL T D . BRI ICIERT
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HREINDERFE

Recommended Description

iﬁajﬁ*ﬁ ;T;t governing equations  (Euler Method| ZH5 D7 5)
E %1%ﬁﬂlj law of conservation of mass

1dp

p dt

B2 A FEI (Nakaza’s equation, 2005)

dv

Pt

They are solved under the incompressibility condition ( divv=0)

EFEHESEH (dive =0 ) DTIZ#EL

= —divv

= pX — gradp + puV?v + pgraddivv

33

It 1s fair to say

that 200 years after Navier, the basic
equations of fluid motion have finally and
newly been established. This may be a
great achievement by hydraulics, especially
by hydraulics in Japan.

This should be communicated through the
world based on this hydraulics and fluid
dynamics summit

34
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s EELI-HBE DR THDE, DFELH
o= REIFmEL-YFRIZRS, ZLT
BWNVFEEIHFYELDEFLESENTIEE
TE5, AL— AR EXEICHEPIERD
FH.BELLEDFEADKE. RUNXD
FADFEDHTE—NEEELSIDLD
(X ZNEREBLI=AT-BEITTHS,

TILIN—kT A2 2342 (1933)

35

...When we look at the knowledge we have
attained in the light we see the results of a
successful hit almost as a matter of course.
And the smart student can grasp it without
too much trouble. But - the years of
groping in the dark with a strong desire,
the alternation of years of confidence and
disappointment, and the final appearance
in the light - only those who have
experienced it can understand this.

Albert Einstein(1933)

36
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