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I. FUNDAMENTOS
~F =

˛

S

~~σ · d~S Fi =

ˆ

S

σijnjdS σij =
dFi
dSj

Irrot : ~∇×~v =~0 → ~v = ~∇φ Incompr: ~∇ ·~v = 0 → ~v = ~∇× ~A → ~∇×~v = ~ω

Flujo plano: vx =
∂ψ

∂y
vy = −∂ψ

∂x
→ ~v · ~∇ψ = 0 Lin. de corriente:

dx
dvx

=
dy
dvy

=
dz
dvz

Ec. trayectoria :
d~r
dt

= ~v(~r, t)

II. ELASTICIDAD

Def. lineales: F = YA
∆l
l

∆w
w

=
∆h
h

= −σ
∆l
l

Compresión:
∆V
V

= −3
(1− 2σ)

Y
p

Cizalla:
∆D
D

= 2
1 + σ

Y
F
A

=
1
µ

F
A

F
A

= µθ µ =
Y

2(1 + σ)
Torsión: τ = µ

πR4

2L
φ

Tensor deformaciones

uik =
1
2

(
∂ui
∂xk

+
∂uk
∂xi

+
∂ul
∂xi

∂ul
∂xk

)
≈ 1

2

(
∂ui
∂xk

+
∂uk
∂xi

)
uij = ∇ivj =

[
1
3

tr(~∇~v)~~1
]
+

[
1
2
(∇ivj +∇jvi)−

1
3

tr(~∇~v)~~1
]
+

[
1
2
(∇ivj −∇jvi)

]
Hooke:

σik =
Y

1 + σ

(
uik +

σ

1− 2σ
ullδik

)
uik =

1
Y
[(1 + σ)σik − σσllδik]

Navier:
Y(1− σ)

(1 + σ)(1− 2σ)
~∇(~∇ · ~u)− Y

2(2 + σ)
~∇× (~∇× ~u) + ~f = ρ

d~v
dt

Equilibrio:

~f + ~∇ ·~~σ = ρ
d~v
dt

III. DINÁMICA FLUIDOS
M =

ˆ

Ω

ρ(~r, t)dV → ∂ρ

∂t
+ ~∇ · (ρ~v) = 0

~p =

ˆ

Ω

ρ~vdV → ρ
∂~v
∂t

+ ρ(~v · ~∇)~v = ~∇ ·~~σ + ρ~f →
˛

S

[−ρ~v ·~v +~~σ + ρϕ~~1]d~S = 0

~~σ− p~~1 + ~~Π ~~Π = 2η

[
1
2
(~∇ ·~v + ~∇ ·~vT)− 1

3
~∇ ·~v~~1

]
+ ηv η = ρν

Fluido Newtoniano:

ρ
∂~v
∂t

+ ρ~v · ~∇~v = −~∇p + η2∇2~v + ξ~∇ · ~∇~v + ρ~f ξ = η +
1
3

ηv



Q = S1v1 = S2v2 Re =
uR
ν

IV. FLUIDOS IDEALES

η∇2~v = 0 ρ
d~v
dt

= ρ
∂~v
∂t

+ ρ~v · ~∇~v = −~∇p + ρ~f ~~σ = −p~~1 ~f = −~∇ψ

Teorema Boernouilli:

~∇
(

1
2
~v2 + h + ψ

)
= ~v×ω

1
2
~v2 + p + ρψ = C (incompr+irrot)

Teormea Kelvin (ideal, fe = 0):

Γ =

˛

C

~v · d~l → dΓ
dt

= 0

Stokes: ˛

C(t)

~v · d~l =
ˆ

Sc(t)

(~∇×~v) · d~S =

ˆ

Sc(t)

~ω · d~S

FluJos potencialEs (2D):

Fuente / sumidero: ~v =
q

2πr
êr φ =

q
2π

ln r ψ =
q

2π
θ

Uniforme: ~v = vêx φ = vx ψ = vy

Circulación:
vr = 0 ~vθ = g(r)êθ Γ = 2πrg(r) ~vθ =

Γ
2πr

êθ φ =
Γφ

2π

ψ = − Γ
2π

ln r
1
r

êz

[
∂

∂r
(rvθ)

]
= 0

Dipolo: φ = −~p · r̂
2πr

Flujos potenciales (3D):

Uniforme: φ = ur cos θ ψ = −ur2

2
sin2 θ

Fuente/sumidero:

vr =
Q

4πr2 → φ = − Q
4πr

ψ = − Q
4π

cos θ

Dipolo:

φ = − ~p · r̂
4πr2 vr =

p cos ϕ

2πr3 vϕ =
p0 sin ϕ

4πr2 ψ =
p0 sin ϕ

4πr

V. FLUIDOS VISCOSOS
ρ

∂~v
∂t

+ ρ~v · ∇~v = −~∇p + η∇2~v + ρ~f


