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Jump conditions at phase changes

I. In which situation does the modified jump condition appears
Il. Highlight the problem with a very simple flow-model

I1l. A method to investigate boundary conditions
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Jump conditions at phase changes

I. In which situation does the modified jump condition appears

1. The Slichter mode : an oscillatory mode

Outer core
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Liquid
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itions at phase changes

2. The permanent convective translation within the inner core

crystallization melting
‘7
light _/ Boundary condition ?
plumes
__ dense liquid
layer

Figure 1. A schematic representation of the translation mode of the inner
core, with the grey shading showing the potential temperature distribution
(or equivalently the density perturbation) in a cross-section including the
translation direction (adapted from Alboussiere ez al. 2010).

Figure: Deguen, 2013
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Jump conditions at phase changes

3. The mantel convection

Boundary condition ?
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Jump conditions at phase changes

Usual boundary condition :

[en] =0

Boundary conditions

Notation : [en] == o n—0o"n

Spherical geometry :

+_ - + _ = + _ -
g, =0 o’rg_are 0',,(15—0',(1).

| will show that, at a permeable
interface, like a phase change :

2
[on] = % n—V_~.

Outer core
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A simple model to highlight the problem

Il. Highlight the problem :
a very simple flow-model (spherical)
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A simple model to highlight the problem

R4dR Stokes Equation, viscous linear
quasi-static fluid :
- Tv=vir
V- (pv) =0,
V-o=0,

= —pl+n (Vv + (T0)T)+A(T0)1.

Densiy ; Radial symetry :
v =v(r)r,

p=p(r).

Radius

Not essential but simplifies the
proof : = constant.
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A simple model to highlight the problem

Solution :
V(pv):O, foSt
- 2
V.-o=0, pr
v ’
o= —pl+n (Ver(Vv)T)Jr)\(V.V)[, O'rr+4777 = Cst'.
If p — discontinuous :
[pvl=0
dr(pvr) = 0 .

n
1 =2 ]
ara'rr + ;(20'” — 006 — 0¢¢) =0

O = —p+200v 4+ A, (r*v)/r? Young-Laplace law :
000 = 0y = —p+20v/r+A,(r?v)/r? [on] = 2l
R

Drorr + 410, (%) =0 but with

v=-=2n[vl = -2npv[1/p].

The surface tension « depends on the flow.
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The reason why

We try to understand why
Think of a thin balloon or a soap bubble

O =—p+200,v +X0,(r*v)/r

T 000 = 0y = —p+20v/r+A0(r?v)/r?

Rk Tectonics, deviatoric stress : push in

one direction < pull perpendicular

o0

o9 = o — 20 (Orve — v, /r).

——> 0gp — O0.

on the boundary.

Surface tension !
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New interface conditions

I1l. A method to investigate boundary conditions :
discontinuous functions (distributions)
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New interface conditions

Velocity written in a discontinuous
form :

v=v_ 1 +v'1t,

[vl=vt—-v".

/,v_—/v Then .

- I V1* =+ns, Vs=né.

7=— 2=0 =1 and then

Vv =(Vv) 1 +(Vv)" 1" +[v]®ns.
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New interface conditions

General result, curved interface, discontinuous viscosity :

lv-rl=0 [onl= 20—V,
with :
v=—=2[v] pv-n surface tension
2
R= V. - n = total surface curvature

v= /7782 (1/p) dz the surface intrinsic property

On a plane interface with a continuous viscosity :

0 [on] = O

I[sz]I
0 [oxl O (2nlv:1)

|[VX]|
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umerical test
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Figure: Velocities for the solutions as function of x and z. Left panels

interface. Middle :

: numerical solution for a diffuse

numerical solution for a sharp interface by using the 'classical’ jump conditions

(continuous traction). Right : numerical solution for a sharp interface by using the 'classical’ jump

conditions (continuous traction).
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Conclusions and prospect

Conclusion : when there is a mass transfert across a density jump interface,
then the traction is not continuous. There is a "dynamic’ surface tension.

Prospect
@ Inner-core convection
@ Mantle convection (410 and 660 km phase changes)
@ Rayleigh-Benard and Rayleigh-Taylor convection with phase change
@ More generally fluid dynamics with phase change
@ Slichter mode ?
@ P-SV conversion ?
@ (spherical) Shock waves?
@ Energy, temperature, entropy jumps?
@ Mesure of the surface tension ?
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