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The diffusion flux of the Nernst-Planck model
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Incompressibility ∞→K
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Incompressibility ∞→K
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General properties of the solution
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z = 0

Asymptotic analysis of boundary layers
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Simulation: Potential

PDEs for multiphase advanced materials September 2012Cortona



Simulation: Potential
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Simulation: Mole fractions
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Simulation: Material pressure
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Simulation: Material pressure
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Simulation: Nernst-Planck versus correct model
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Diffuse interface model
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Diffuse interface model
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Sharp Interface model
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Sharp Interface model
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Sharp limit of the viscous Cahn-Hilliard equation
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Sharp limit of the viscous Cahn-Hilliard equation

0))('( 22 =∂+∂−∂+∂ uuuFu txxxt γεβε

Assumptions of formal asymptotic analysis

VCH has a solution with transition layer),( xtuε

Existence of an interface }),(:)1,0({)( *uxtuxtI =∈= εε

Interface               at              separates        into and )(tI ε )(I txε Ω ),0[ I

εx=Ω− ]1,( I

εx=Ω+

Outer expansion )(),(),(),( 2)1()0( εεε Oxtuxtuxtu ++=

Inner coordinate and inner variable  ))((
1 )(

I txxz ε

ε
−= ),(),(~ I zxtuztu εεεε +=

Inner expansion )(),(~),(~),(~ 2)1()0( εεε Oztuztuztu ++=

Expansion of )()()()( 2)1(

I

)0(

II εε εε Otxtxtx ++=

Matching conditions between inner and outer quantities

±∞→→ ± ztxtuztu for))(,(),(~ (0)

I

),0()0( …….

PDEs for multiphase advanced materials September 2012Cortona

Ω Ω+Ω-

)(tI ε



Sharp limit and interfacial entropy production

Cahn-Hilliard entropy production
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Sharp limit and interfacial entropy production

Cahn-Hilliard entropy production
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Diffuse entropy production versus interfacial entropy production
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Proposition (Dreyer, Guhlke 2012)

]1,0[0 ∈u

(1)

Iξ

(1)

Iξ ≥ 0 6≥γ

for

for (viscous Cahn-Hilliard)

Diffuse entropy production versus interfacial entropy production


