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 Diffuse interface model(Allen-Cahn FF2x()
e ’98 Karma-Plapp, Kobayashi

uy —Au® A felu= arg z) =0

82
g 2 €__
@-Es(ug) :/ [\V(u Zargx)] - Fe(u 62argx)] dx
D B EHR

« HIEBAEXDEIETEITL

e Sharp interface model(H#E D EEF HEER+HE 5 1RE)
e ‘00 Smereka(f@BIRAEN — DD AT L)
e ‘03 O(FE#RiE+Sheet structure function)




AINZILDEHAE
FON—DDIHE | 2 = h(t,z) fEOES
1B EEAR

ﬁ RIDNERDEE: GHEARZTTDEERMED

X={(z,2)] ==Y mjarg(x — a;)}

~ ‘ j:1
Ty ={(z,2)€X; z=ult,z)}, I;={(z,2)€X; z<u(t,z)}
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=
T, = gz{x e W| u(t,z)—0(z) = 27k}, i = — &Z%

1= 3ty TS
= V = \V(Zt—e)\’ K = div( ;EZ:?;)

(LV)Level set equation:

. V(u—0) | B
Ut — Voo |V (u—0)] {pCdIV\V(u—H)\ | 1} = 0,

+Neumann Boundary condition




HFRIRER (1)
(‘03 0)

o LEERTEIR: u, v (LV)DEREAEERETHDHET D, CDEE,
u(0,7) <v(0,2) (V) = u(t,z) <o(t,z) (V(i, 1))

o RMEFEE EHFTHHIE XL . BRI KA DEFL
FRIERZUT, u(0,X)=uy(x)ZHT=FT LD FET D,

(‘08 Goto-Nakagawa-0)
o MHIDHIR T AT Espiral THNIL, UL TEHT-FEBH
mitﬁi%ﬁFﬁl%ﬂuob“ﬁETéo

Iy = {x; up(x ij arg(x =0 mod 2nZ}




HFRIFE R (2)

(‘08 Goto-Nakagawa-0O)

« NEEEDLLRERE: uvX(V)DERGHEREET D, D
EE.

{(z,2) € X; u(0,2) —2 >0} C{(x,2) € X; u(0,2) —z >0}
AT b

{(z,2) € X; u(t,x) —2 >0} C{(x,2) € X; u(t,x) — 2z > 0} (Vi)
MERYILD, > ZDDspiral CIBLEL M FEELLLY,

(Tsai-Giga-0, in preparation, R/\1 S L DZEEND FEHT)

o« AVTITAT - RTDFHE:N=2&,F 5,
screw dislocation® N7 a,, a,NFEMET|a,-a,|<2p o H1=T
FolE. CDEEDFERERREIEARLAL,

« ROXEMS

e KobayashiET ILD#EHEREAMNS(LV)HNEHINS,



AT ITAITRF

L=
a1 = (—a,0), as = (a,0), O(x) = arg(z — a1) — arg(x — a9)
W =Q\ (B,(a1) U B,(az)).

R E: a < pe (& lar —az| < 2p.).

CDES . 2ADEFEMIRDET S
pi(o) =a;(0) + p(coso,sino),

" qi(0) =p;(0) + pc(—sino, cos o).
=q;[F2/R(0, £b) (b>0) TR 15
SN A Ci: ri(c) =b; + pc(coso,sino),

\\//\ /\\/ o€ (r/2—0%,7/24 c*) for some ¢* > 0.
= C; L 0B,(a;),C; C {x; |z —b;| = pc}-




Allen-CahnT! A FEXK

"data/tenp_00808" natrix every 2:2
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. Vu-0)
— |V (u—0)| {C(w) _dIV\V(u—H)I} = 0,

C(w

) = Cmin T (Cm,a,:r; _ cm,in) OXp(—’}”UJ),
Wy :@_ in (0,7) x W

(Idea is dut to R: Kobayashl |n AIIen Cahn equatlon model.)
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Time: 0.125000

A HEILR

fE R R

Level st Eq: V=12.00%(1.00-0.05*k)

Level set Eg: V=12.00%(1.00-0.05*k)

Ausiliary fct.

o

Level set Eq: V=12.00*(1.00-0.05*k)

Auxiliary ft.

FERAEXDORE Fapons

Level zet Eq: V=12.00*(1.00-0.05*Xk)

Time: 0.500000

Ausiliary fet.

Surface height
Amount of impurity

Surface height




EUREBRDET IV
us + ANu—0)Fy(V(u—0),V3(u—80))
+(1=XMu—0))F(V(u—0),V*(u—0)) =0
v EFAMREAIRILT—EE in (0,7) x W

Fi(p, X) = —7(p)(C; + trD*v;(p) X)
Au) = {ma,x(:l.O,min(—l.O, M cos(u/2))) + 1.0} /2

| Graph of A

I i .
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‘Time: 0.250000

EE! RNALZ )L Dprofile
XA IZIKREFT 5.
=>EBEFHND—EMETRLY L
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% _botbomm=-2.000000




Wisker type growth
{ V =C(r) — &,
C(r) = A(r)Cint + (1 — A(r))

r: screw dislocationH 5 0 Fb &
A(r): cut-off function

Level set Eq: V=12.00*(C(r)-0.02*k) (C(r
Time:
° > > 0
.

St& gl screw dislocation® & Y 1= (+1E< A .
BREY S




Wisker type growth@D v 2al—o 3y

SSSS

Auxiliary fer.

W c =100,C, =01

Level set Eqg: V=12.00*(C(r)-0.02*k) (C(r)=10.00 (r<=0.100), C{r)=0.10 (x>0.150))

Time: 0.050000

Surface height

z_top=100.000000

C..=10.0,C_.=1.0

Level set Eqg: V=12.00%(C(r)-0.02%k) (C(r}=10.00 (r<=0.100), C(r)=1.00 (£>0.150))

int ext

Time: 0.050000

Surface height

z_top=100.000000

HLL wiskerMANASILEEIZELDT
TE5DTHIIL. screw dislocation
DOEYTEDNT TKRELEEEN AN

i, T HRBEDSTIEIF
EAEIEFESOTLVS




Hollow core type growth
V =C(r) — &,

r) = r)Cint + 1 — T ext

r: screw dislocationm™ 5D IEE
A(r): cut-off function

Level set Eq: V=12.00%(C(r)-0.02*K) (C(r)=-5.00 (r<=0.200), C()=5.00 (r>0.300))

z_top=30.000000

faem IR BN, screw R
dislocation® [EY TIZERE) S AR,

z_bottom=-30.000000




Hollow core type growth@ 22l —2 3>
C..=-5.0, C,=5.0

ext

Level set Eq: V=12.00*(C(c)-0.027k) (C(r)=-5.00 (c<=0.200), C(£)=5.00 (r>0.300))

Level set Eq: V=12.004(C()-0.02K) (Ce)=-5.00 (r<=0200), C(£)=5.00 (=>0.300))
Time: 0.000000
Time: 0.050000
Surface beight
Surface height
2 top=30.000000

@ 2_top=30.000000

Auxliary fet.

Auyiliary fet,

z_bottom=-30.000000

C,.=0.1,C

z_bettom=-30.000000

=5.0 C. =10, C,,=5.0

ext ext

Level set Eq: V=12.00*(C()-0.02*%) (C(r)=-0.10 (r<=0200), C(e)=5.00 (r>0.300)) Level set Eq: V=12.00*(C(r)-0.02*k) (Cr}=-1.00 (r<=0200), C(r)=5.00 (r>0.300))
Time: 0.050000 Time: 0.025000
Surface height Surface height

RN

Auxiliary fat.

2_tep=10.000000
C_) @ 2_top=10.000000
iy
i i

Auiliary fet.

z_bottoms=-10.000000

z_bettom=-10.000000

very slow growth melted
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o BHIMMDAREKIZKDIAR/NALTILEKDsharp interface model
IR ZEL -, (ARG E DT+ R HFNGEREZED)
o FZENTYLRFIBEMEZHFE D(AMYLIEET IL., & YRR,
wisker, hollow core)
o FRRA:
o ANFUWNILFETETIL. $EREYUIERK . wisker, hollow core® kM E
TILTARATYTDNFUOTRRELNS,
o A, IEUBMTONFUTIE 3y T—TIC
AL,
» Wisker, hollow core: 452" H"Z D,
ST+ R EEENFONHH?
o [EFR/INMTILELEIZKDwiskerD i EIL. BFHDERE) 5
MNIFIFEOTLHENERISAELN?
o [ZH]hollow corelZFILERIZHITHRT YT DHEEDM, Z
NTELERETSH




