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@ immiscible, homogeneous fluids
g (density p» > p1), in gravitational field g

o two-dimensional case
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blution: a qualitative idea
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al description: difficulties

@ sharp interface
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al description: difficulties

@ sharp interface

o strong deformation of interface
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Phase-field model

rical description: phase-field model (1)

@ sharp interface = diffuse interface
@ phase field ¢(x)

@ Ginzburg-Landau free energy
A 2 )
Flo) = =10 —1
o= [ (S100wF + 56 -1

J.W. CAHN & J.E. HILLIARD J. Chem. Phys. 28 (1958)
A.J. BRAY Advances in Physics 51(2) (2002)

Celani, Mazzino, Muratore-Ginanneschi,Vozella Rayleigh—Taylor instability and phase-field model



Phase-field model

erical description: phase-field model (2)

o equilibrium: ¢ M =0
o ¢(y) = ttanh (—fL)
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Phase-field model

erical description: phase-field model (2)

o equilibrium: ¢ M =0

o ¢(y) = £tanh (\/55)

_ 2V2A
Qo o= 3 &

o out of equilibrium : §% 7 0
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Phase-field model

erical description: phase-field model (2)

o equilibrium: §% =0

o ¢(y) = £tanh (72%)

_ 2V2A
Qo o= 3 &

o out of equilibrium : §% 7 0

Op+v-0¢p = yA?|-0%¢ + =
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Phase-field model

erical description: phase-field model (2)

o equilibrium: §% =0

o ¢(y) = ttanh (72%)
2v2A
3 ¢

Q0 o=
o out of equilibrium : §% 7 0

3 _
az¢+V'8¢ — 7A82 —(92¢—|— (¢€2 (Z))]

9,
Ooy+v-0v = P ety 02¢8¢ P2 plabg i
Po Po P2+ p1 =
v = 0 "
o
%
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Phase-field model

erical description: phase-field model (2)

o equilibrium: §% =0

o ¢(y) = ttanh (72%)

_ 2V2A
Qo o= 3

o out of equilibrium : §% 7 0

3 _
_(92¢—|— ((ZS 2¢)]
€
_Op

oy+v-0v = + v0?v— 52¢3¢ P2 Pl ———0g
Po Po P2+ p1

d-v = 0

Op+v-0¢p = A

ifi

@ sharp-interface limit: A
eA — 0 Witharvg fixed

v — 0

Celani, Mazzino, Muratore-Ginanneschi,Vozella Rayleigh—Taylor instability and phase-field model



Some of our numerical results

ar stage: growth rate

t=0:7(x,0) = nosin (kx), B < land = > 1

uratore-Ginannesch Rayleigh—Taylor instability phase-field model



Some of our numerical results

ar stage: growth rate

t=0:7(x,0) = nosin (kx), B < land = > 1

phase-field formulation =
perturbation amplitude:

n(t) = no cosh (ar)
with:

o = Agk— —2 K

P2+ p1
_ p—p
('A - pz+pi)

H
2

S. CHANDRASEKHAR Hydrodynamics and Hydromagnetic Stability New York: Dover (1961)
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Some of our numerical results

ar stage: growth rate

t=0:7(x,0) = nosin (kx), B < land = > 1

1.2
1 { phase-field formulation =
0.8 1 perturbation amplitude:
06 1
o o4 ' | n(t) = no cosh (ar)
S o2 1 with:
0
-0.2 E o? = Agk — ng
04l ., o P2+ p1
s e (A=E)
k

S. CHANDRASEKHAR Hydrodynamics and Hydromagnetic Stability New York: Dover (1961)
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Some of our numerical results

r stage: growth rate

t=0:7(x,0) = nosin (kx), B < land = > 1

1.2
1 { phase-field formulation =
0.8 1 perturbation amplitude:
06 1
o o4 ' | n(t) = no cosh (ar)
S o2 1 with:
0
0.2 N o= Agk— —2 &
04l ., o P2+ p1
s e (A=E)
k

S. CHANDRASEKHAR Hydrodynamics and Hydromagnetic Stability New York: Dover (1961)
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20 0.1 = deviations from the linear theory are observed ...
[D.H. SHARP Physica D 12 (1984)]
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Some of our numerical results

Kly-nonlinear stage

2 2
U= |48 279
3k 9+

Y.N. YOUNG & F.E. HAm J. Turbul. 71(7) (2006)
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Some of our numerical results

ly-nonlinear stage

0.8 T T T T T T T T

0.7 r
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n(t)/A
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02 r
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Ly/L,=1/2 o
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0 01 02 03 04 05 06 07 08 09 Y.N. YOUNG & F.E. HAM J. Turbul. 71(7) (2006)
tU/A
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Some of our numerical results

onlinear stage

0.8 T T T T T T T T

0.7 r

0.6 -

) _ Ly/Ly=1/2 »
03 04 05 06 07 08 09 Y.N. YOUNG & F.E. HAM J. Turbul. 71(7) (2006)
t U/

experiments:

J.T. WADDELL ET AL.
Phys. Fluids 13(5) (2001)
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Some of our numerical results

lusions:. ..

2D Rayleigh—Taylor instability
@ phase-field model
o effects of o on linear and weakly nonlinear stages

= full details: A. CELANI, A. MAZZINO, P. MURATORE-GINANNESCHI AND L.V.
J. Fluid Mech. 622, 115-134 (2009)
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Some of our numerical results

sions:. ..

2D Rayleigh—Taylor instability
@ phase-field model
o effects of o on linear and weakly nonlinear stages

= full details: A. CELANI, A. MAZZINO, P. MURATORE-GINANNESCHI AND L.V.
J. Fluid Mech. 622, 115-134 (2009)

... Perspective

9 turbulent stage
= phenomenological theory: M. CHERTKOV ET AL.
Phys. Rev. E 71, 055301(R) (2005)
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Q Phase-field model

Q Some of our numerical results
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e of the Appendix

Q Phenomenology
o Time evolution: immiscible configuration
@ Time evolution: miscible configuration

o Other results
o Linear phase
@ Weakly nonlinear stage
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e? Some examples

brillamenti solari

supernovae

ZINGALE ET AL. J. Phys.: Conf. Ser. 16
(2005)

ISOBE ET AL. Nature 434
(2005)

_nuvole mammatus -
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Phenomenology Time evolution: immiscible configuration
Time evolution: miscible configuration

tension effect - 1

@ Linear stage:

77(1‘) ~ e(y(A,A,ghn,l/)t

S. CHANDRASEKHAR Hydrodynamics and Hydromagnetic Stability
New York: Dover (1961)

Celani ino, Muratore-Ginanneschi igh—Taylor instability phase-field model



Phenomenology Time evolution: immiscible configuration
Time evolution: miscible configuration

ension effect - 1

@ Linear stage:
7](1‘) ~ e(y(A,A,ghn,u)t
S. CHANDRASEKHAR Hydrodynamics and Hydromagnetic Stability

New York: Dover (1961)
@ Weakly nonlinear stage:
n(t) ~ Uk, Ag, o)t

U. ALON ET AL. PRL 74(4) (1995)
Y.N. YOUNG & F.E. HAM J. Turbul. 71(7) (2006)
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Phenomenology Time evolution: immiscible configuration
Time evolution: miscible configuration

ension effect - 1

@ Linear stage:

7](1‘) ~ e(y(A,A,ghn,u)t

S. CHANDRASEKHAR Hydrodynamics and Hydromagnetic Stability
New York: Dover (1961)

@ Weakly nonlinear stage:
n(t) ~ Uk, Ag, o)t

U. ALON ET AL. PRL 74(4) (1995)
Y.N. YOUNG & F.E. HAM J. Turbul. 71(7) (2006)

@ Turbulent stage: &{u’
2

L) ~ Agt b N

14 (Z) ~ tz/ i capillary scale *

phenomenological theory: M. CHERTKOV, |. KOLOKOLOV AND V.

LEBEDEV %

Phys. Rev. E71 (2005)
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Phenomenology Time evolution: immiscible configuration
Time evolution: miscible configuration

onfiguration: a qualitative idea




Linear phase
Other results Weakly nonlinear stage

o free energy: F¢] = [,, 210¢(x)* + 2 (¢° — 1)%dx
o h(x, 1) initial perturbation = ¢ = f (#)

9 locally the interface is in equilibrium: f = V'(f) =

O _f" (O
ox* e \Ox
@ by linearizing Navier—Stokes equation for small interface velocity
(v =0):

Pf _A
ot €

PoOv = —0yp — ¢y — Agpod
@ integration along the vertical direction:

*h
poOigy = 05— Fr 2Agpoh

where g, := lim;; oo fvad

@ vertical velocity at interface: d,h = v(x, h(x, 1), 1) = vi™ (x, 1)

Celani, Mazzino, Muratore-Ginanneschi,Vozella Rayleigh—Taylor instability and phase-field model



Linear phase
Other results Weakly nonlinear stage

- e relation between v and ¢,
@ potential flow: v = 8¢ 8*p =0=

Sty _ kagy
v 2
@ in k space: Oh =" Podry = (—ok® 4 2.Agpo)h

Fh—a’h=0

where: o
of = Agk — —K&°
2po

S. CHANDRASEKHAR Hydrodynamics and Hydromagnetic Stability New York: Dover (1961)
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Linear phase
Other results Weakly nonlinear stage

0 = (k1) = —h(k,0)sinh (ar) = pk)=--- =
@ in R space:

h(x, 1) = ho cos (kx) cosh (aut)

vy, ) =vix,y, ) = cos ( x)e_kyhooz sinh (aut)

u(x,y, 1) = —sin( x)eiﬁvhoa sinh (o)

u' (x,,1)
fory > 0, and:

vy, ) = v(x,y, 1) = cos (I;x)e"';yhoa sinh ()

utCe,y, ) = u(x,y,t) =  sin(kx)e™hoasinh ()

fory <0
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Linear phase

Other results Weakly nonlinear stage

soral evolution
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Linear phase
Other results Weakly nonlinear stage

osity effect
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Linear phase
Other results Weakly nonlinear stage

t of finite size
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