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First wellposedmathematical formofmodernfluid
mechanics

i wasformulatedby Euler 1755
Eulerianformulation bulk view
Lagrangian formulation particle nieen

when you
home fluid guaatiti.ecpressure temp density

defined at ginem points
in space x at a given time t

then we spearof Eulerian description
whenthe fluid quantities asee defined as

associated

to a mooingparticle offluid followed
along its trajectory

Il a

Continuumhypoksis It means thatany smallordaeme

element in the fluid is alway supposed so large that
it

contains a verylarge
numberofparticles

xfluidparticle
apointin afluid

are tobe understood in this sense

pressure temperature density
are assumedwelldefined

and they will vary smoothy from
one point to another

Aatached is amacroscopic view



dimensions space x CRd d 2,3
X ca y ERB

o t cRo
idealfluids eachparticle is going topush itsheifers

egualy in eachdirection
incompressibility density is constant

Litorotational a fluidselocity
inviscid ftp.e.YEI.gg no internalfriction

Derivationofequation underlyingthe dynamicsof ideal
fluid are based on 3principles
E Consummationofmatter continuityequation

iii Newton's second law or balance ofmomentum

IID Consenation ofenergy eyes ofmatinsdealers

Euler'sequation I egsof
state

little Dee Rp O

Pou o L incompressibility conditions

iiiiii imitating Esma

htt M is a sector valuedfunction Rd Red

put A scalar function
Rd R

Softyequations

d



iv u It ujdq.ee notation

U Lua Az Md

MaterialDerivatise Uttar lb
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Observations

TTTTTmaregs the advection ofthe velocityfeedbyitself

luau is your
nonlinearTekla Yms d we do not

know ifsds
existsforalltime

2 Symmetries
t s t u a time reoesal sobre bothforward

and backward
in time

scalinglow.lu t Ezuk.tnx7 Rioposite're
constant

letadslussualeylto criticalSdoleveeaponaat
Hse critical Sobolevspace

debased
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7 return DtruelRUR
YhidYsdtg pull Hdkt critical

fabderspace
interneesofCWP

invarianceundertraeuslettans theory

in space and time
Ashta
Esto

and invariamaundesleetationsRok RTR s

Galileantransfoueton Chase an
intrinsicmeaning

t s fix SE temetiaeusbti.ms scaling

6 t attb opaedin
invariance ettd.ad b.ca turbulence

FfahtiIqw Y tA qbogydants
theory

fine 5

Incompressibleflew Incompressible
tieoeefational

S glows pinata
tf p

smitmo wars

R uxtoy ou cu.a.us velocity rectified
E Cure

01 elect x acting
ineompresibolitgeonds



Two scalar functions thatplay ahole in
theanalysisof

water wares
streamfunction 4 Italy R Lexist.fi oferadlefgs
selacity potential ett 4th

R ceaistsonly ieorotation
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flews
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The stream function at any istaul of
time

we lose thatthevelocityofthefluid w is tangent

to the streamlines ruleconstant

u it defy DEEGmionh.IRniR2I

It fellow ein satisfy the
Cauchy Riemann ez

Set it as Extiy I Q

FCA.tt y tiXxy

bed in thestudyofftwo dimenson
irrational flaws

ret C 1122 Euler in a domain that is not the

Next we will discuss whalers
tomorrow we continue
withthis ease


