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Technologicabackground
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Aim of the project

Vector Stefan models for homogenization of Aluminum alloys

Diffusion of several components:

P
@ =" .Di g 4

Displacement of the interface(s):

P |
(P )y, = i i Dj & (1)
(Cipart CiSOI)Vn = jn:1 I:)ij % (1)
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Thebinarymodelin 2D

Exy;t)= D cxy;t) (xy)2 gp(t); 0<t<T
c(x;y;t)=cO (xy)2 (t); 0<t<T
c;y;t) = Pt (xy) 2 H(t); 0<t<T
Exy)=0 (xy)2@;0<t<T

(' SNlxy;t)= DGy, (Gy)2 (1); 0<t<T
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Properties

Existence of similarity solutions
Growth problem unstable (Mullins & Sekerka, JAP '63)
r@ ;" )=RO+ (O)Yim( ;")

d N+ + 2) . 1i

a>O() R> R.(l) = > R
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TheLevel SetMethod

The level set function: continuous s.t.

Xy;)=0 () (xy)2 (t), 8t>0:

Displacement of the interface:

@
—+V r =0
@
V continuous extension of v = L I c onto

char t  (sol

Reinitialization of the level set:;

—=8ign( %) 1 jr |
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Outline of thealgorithm

1. Find the velocity V fromc", "

2. Update the level set!  "*1

3. Reinitialize "*!' (Russo & Smereka, JCP '00)
4. Solve diffusion equation where "*! > 0

5. Goto1l
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Fully FD approach

Interface velocityv = r ¢c= (vq;Va)!

Suppose ; 3j < Oand j; >0

_ D @ D cj c™

Vi = char t  csol  @x cpar T csol THE
with rj = — L
ij i 1j

Continuous extension V :

@ i @ @ -
o toOn & & =0

Vi(x;y; ) = va(xpy; )
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Fully FD approachgont.

Diffusion equation:

+ + + + +
c;nl cn Cn1 2Cn1 n+1 n+1

ij [ i 1j ij i+1 | ij
tn =D +

Near the interface:

chtl en 00 00

Dissolution problems: ™ > Obut § < 0. Considert; 2 (t";t"*!)
st (Xiyy;t;) =0
n+1

t=t" ot = " A =D pa™t
i i ij
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FD/FE approach

FE attractive! SEPRAN package
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Finite Differences mesh Finite Elements mesh (cut cell apporact
Interface velocity Diffusion equation
Update of the level set Cut-cell approach

Reinitialization

Interpolation between meshes
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Numericalexperiments
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Numericalexperiments
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Conclusionsandfuture work

Conclusions

Level Set Method suitable

Arti cial continuous extension of the front velocity

FD approach elegant but

FE/FD approach elegant and strong numerical model

Future work

Dissolution problems included
Surface tension included
Fully FE approach
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