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The Mushy Zone

solid liquidmush

� 

+ (Interfaceterm)s

� 

+ (Interfaceterm)l

� 

hl = cl dT
Tref

T

! + L
� 

! " shs( )
! t

= # $ ks# T( )

� 

hs = csdT
Tref

T

!

� 

! " lCl( )
! t

+ # $ " l vlCl( ) = # $ Dl# Cl( )

� 

! " sCs( )
! t

= # $ Ds# Cs( )

� 

! " l hl( )
! t

+ # $ " l vl hl( ) = # $ kl# T( )

kCo Co Co/k

T

Cmax Ceut

T1
T2

T3

CS
CL

k=CS/CL

C

A B

Conservation of Energy

Conservation of Specie



solid liquidmush

Averaging
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Mass and Volume Fractions
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Equilibrium Relations
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Average Energy Equations
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Average Specie Equation
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Case 1: no Specie diffusion
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Liquid Fraction Update
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case 2: Specie Diffusion

� 

! " C ( )
! t

+ # $ r s÷ v sCs + r l vlCl( ) = # $ r sDs# Cs + r l Dl# Cl( )

Under equilibrium conditions a discontinuity exist at the solid/liquid interface given by

� 

Cl = Cs /k

� 

C = ! lCl + ! sCs

� 

! l =
ml

m

� 

! l =
ml

m
=

" lVl

" V
= rl

" l

"

� 

! l =
Co " Cs

Cl " Cs

� 

! = ! l rl + ! srs

� 

! = ! l

Vl

V
+ ! s

Vs

V

� 

! V = ! lVl + ! sVs

� 

mC= mlCl + msCs

� 

! VC = ! lVlCl + ! sVsCs

� 

! C = ! l

Vl

V
Cl + ! s

Vs

V
Cs

� 

= ! l rlCl + ! srskCl

� 

= ! " ! srs( )Cl + ! srskCl

� 

= ! Cl " (1" k)! srsCl

� 

! C = ! Cl " (1" k)! srsCl

� 

! " C ( )
! t

+ # $ r s÷ v sCs + r l vlCl( ) = # $ r sDs# Cs + r l Dl# Cl( )



� 

r sDs! Cs + r l Dl! Cl = r sDs + r l Dl k( )! Cl

� 

= D
!
" Cl

� 

! " Cl( )
! t

+ # $ " v%Cl( ) = # $ D %# Cl( )

� 

! " C ( )
! t

+ # $ r s÷ v sCs + r l vlCl( ) = # $ r sDs# Cs + r l Dl# Cl( )



Algorithm

Unknowns

� 

rl ,rs

� 

! l ,! s� 

T

Equations
� 

C,Cl ,Cs

Relations

Conservation of Energy (T)


