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Introduction

Higher-order phase-field models [1]

C1 continuity of the shape functions required

Diffuse interface representation of sharp interfaces

Multivariate NURBS shape function

Predefined basis functions’ continuity

Tensor product structure ↔ local refinement

Hierarchical refinement

Subdivision procedure to replace splines

Maintains all global properties, i.e. smoothness/continuity

Computational modeling

Isogeometric Analysis (IGA)

ϕh =
∑

A∈ω

RAqA and ch =
∑

A∈ω

RAcA

Recursive B-Spline definition

Ni,p =
ξ − ξi

ξi+p − ξi
Ni,p−1(ξ) +

ξi+p+1 − ξ

ξi+p+1 − ξi+1
Ni+1,p−1(ξ)

where

Ni,0(ξ) =

{

1 if ξi ≤ ξ < ξi+1
0 otherwise

Multivariate NURBS shape functions

RA =
Ni,p(ξ)Mj,q(η)Lk,r(ζ)wi,j,k

∑n

î=1

∑m

ĵ=1

∑l

k̂=1Nî,p(ξ)Mĵ,q(η)Lk̂,r(ζ)wî,̂j,k̂

Hierarchical refinement

Subdivision of 2D quadratic and cubic B-Splines [2]

B-Splines

Bk,A = Bk,i
p (ξ) =
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∑

j=0

d
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l=1

2−pl

(

pl + 1

jl

)

Nil,pl(2ξ
l − jl)

NURBS

Rk,A = Rk,i
p (ξ) =

p+1
∑

j=0

Si,jB
k+1,2i−1+j
p (ξ)w2i−1+j

∑

i

p+1
∑

j=0

Si,jB
k+1,2i−1+j
p (ξ)w2i−1+j

Geometric parametrization

ϕh := F(ξ) = RA(ξ)qA

Subdivision for B-Splines

Bkqk = (SBk+1)qk = Bk+1 · (STqk)

Thermal diffusion in binary blends

Weak form of the coupled system

ρ

∫

B

cp
∂T

∂t
δT dV +

∫

B

k∇T · ∇δT dV − α

∫

B

IδT dV = 0

∫

B

∂c

∂t
δc dV +M

∫

B

∇∂cΨ
con · ∇δc dV +

DT

∫

B

c(1− c)∇T · ∇δc dV + λM

∫

B

∆c∆δc dV = 0

Numerical example

Focused laser spot on PDMS/PEMS polymer blend / local mesh

refinement

Aging-simulation without heat supply / with concentrated laser

spot / profile of the heated region
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