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T(n) = T(i) nx +T(j) ny +T(k) nz
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Tx(n) = �xx nx + �xy ny + �xz nz
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

� =

0

@
�xx �xy �xz

�yx �yy �yz

�zx �zy �zz

1

A

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Tenseur des contraintes

contraintes normales

contraintes tangentielles

Tx(n) = Tx(i) nx + Tx(j) ny + Tx(k) nz
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Composante x



T = �.n
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

0

@
Tx

Ty

Tz

1

A =

0

@
�xx �xy �xz

�yx �yy �yz

�zx �zy �zz

1

A

0

@
nx

ny

nz

1

A

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Vecteur contrainte 
(force/unité de 

surface)

Tenseur des 
contraintes

Normale à la 
surface considérée



Z

⌦

@⇢u

@t
dV = �

Z

@⌦
⇢u u.n dS +

Z

⌦
⇢f dV +

Z

@⌦
�.n dS

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Z

⌦

@⇢u

@t
dV +

Z

⌦
r.⇢uu dV =

Z

⌦
⇢f dV +

Z

⌦
r.� dV

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Théorème de la divergence: 

Conservation de la quantité de mouvement

: Flux de quantité de mouvement,<latexit sha1_base64="8AJo72ZtQEcBA0U2dutJ5sIFyn4=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiSi6LLoxmUF+4AmlMl00g6dTMI8CiX0T9y4UMStf+LOv3HSZqHVAwOHc+7lnjlRxpnSnvflVNbWNza3qtu1nd29/QP38KijUiMJbZOUp7IXYUU5E7Stmea0l0mKk4jTbjS5K/zulErFUvGoZxkNEzwSLGYEaysNXDeQ4xQFCdbjKM6NmQ/cutfwFkB/iV+SOpRoDdzPYJgSk1ChCcdK9X0v02GOpWaE03ktMIpmmEzwiPYtFTihKswXyefozCpDFKfSPqHRQv25keNEqVkS2ckiolr1CvE/r290fBPmTGRGU0GWh2LDkU5RUQMaMkmJ5jNLMJHMZkVkjCUm2pZVsyX4q1/+SzoXDf+q4T1c1pu3ZR1VOIFTOAcfrqEJ99CCNhCYwhO8wKuTO8/Om/O+HK045c4x/ILz8Q3LlJPE</latexit>⇢uu

⇢uiuj
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

tenseur de composantesproduit tensoriel

@

@xj
(⇢uiuj) = ui

@⇢uj

@xj
+ ⇢uj

@ui

@xj
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Sa divergence :
(somme sur j)



r.� =
P

j
@�ij

@xj
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Divergence des contraintes



Conservation de la quantité de mouvement

⇢
@u

@t
+ u

✓
@⇢

@t
+r.⇢u

◆
+ ⇢u.ru = ⇢f +r.�

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

⇢
@u

@t
+ u

@⇢

@t
+ ur.⇢u+ ⇢u.ru = ⇢f +r.�

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Pour un volume élémentaire de fluide :

⇢

✓
@u

@t
+ u.ru

◆
= ⇢f +r.�

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

ma = F
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

= 0
Conservation de la masse



Accélération d’un élément de fluide

⇢

✓
@u

@t
+ u.ru

◆
= ⇢f +r.�

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

ma = F
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

a =
@u

@t
+ u.ru

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

instationnarité accélération convective



un écoulement stationnaire où u.ru 6= 0
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>



Écriture de l’accélération convective

Variation spatiale de ux projetée sur la vitesse (ux, uy, uz)

Pour la composante i : uj
@ui

@xj
=

X

j=1,3

uj
@ui

@xj
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Pour la composante x : ux
@ux

@x
+ uy

@ux

@y
+ uz

@ux

@z
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>



Les contraintes dans un fluide

Dans un fluide à l’équilibre, sans écoulement macroscopique

n La résultante des interactions entre atomes ou 
molécules est une pression isotrope

� =

0

@
�p 0 0
0 �p 0
0 0 �p

1

A

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

�ij = �p �ij
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

r.� = �rp =

0

B@
� @p

@x

� @p
@y

�@p
@z

1

CA

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>



⇢

✓
@u

@t
+ u.ru

◆
= ⇢f +r.�

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Dans un fluide à l’équilibre, sans écoulement macroscopique

0 = ⇢g �rp
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

p = p0 � ⇢gz
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>


