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∂tm+∇ · (m ) = 0,

ϕi

ψi

κi



mn+1 = mn −∆t∇ · (mn ) +
∆t2

2
∇ · ( ∇ · (mn )).

mn+ 1

2 = mn −
∆t

2
∇ · (mn ), mn+1 = mn −∆t∇ · (mn+ 1

2 ).

∆t
∆t2

|Ti|
∂m

∂t
= −Ri, Ri =

∑

Ej Ti

Fj , Fj = Ujmj ,

Fj Ti Ej Uj Ej

mj Ej

m(x, y) = m(xc, yc) +∇mc ·∆ +O(∆ 2),



(xc, yc) ∆



ρih∂t = ∇ · σσσ + ,

h ρi σσσ

σσσ

ε̇εε = 0.5(∇ + ∇ )

σσσ = 2ηε̇̇ε̇ε+ (ξ − η) (ε̇εε) − 0.5P ,

ξ,η P

P = p∗h (−C(1 − a))
p∗ · −2 C C

P

a < 0.8
P ∆

ξ =
P

2∆
, η =

ξ

e2
, ∆ =

(

ε̇εε2d +
1

e2
ε̇εε2s

)1/2

.



e = 2 ε̇εεd = (ε̇εε) =
ε̇εε11+ε̇εε22 ε̇εεs = ((ε̇εε11−ε̇εε22)

2+
4ε̇εε212)

1/2

(

β
ρih

∆t
( p+1 − p),

)

+

(

ρih

∆t
( p − n),

)

= −
(

σσσp+1,∇
)

+
(

p+1
,

)

.

(f1, f2) =
∫

Ω

f1f2 dS L2

α(σp+1
1 − σ

p
1) =

P

∆p

(

ε̇
p
1 −∆p

)

− σ
p
1 , α(σ

p+1
2/12 − σ

p

2/12) =
P

e2∆p
ε̇
p

2/12 − σ
p

2/12.
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Si = 2.0 · αst

∑

Ek Ei

ξk

|Ek|

∫

Ek

[uph]Ek
[ψi]Ek

dl.

[.]E uh
ψi αst

αst = 1



ε̇s
a

ε̇s
a

≈
≈



∆



E

ρ
∂E

∂t

∣

∣

∣

∣

z

= ρc
∂T

∂t

∣

∣

∣

∣

z

=
∂

∂z

(

k
∂T

∂z
+R

)

,

ρ T c k

R

(z , z ) z z



σ = (z − z )/(z − z )

ρ

(

∂E

∂t

∣

∣

∣

∣

σ

+ σ̇
∂E

∂σ

)

=
∂

∂z

(

k
∂T

∂z
+R

)

.

∂(ρE ∂z/∂σ)

∂t
+
∂(ρEω)

∂σ
=

∂

∂σ

(

k
∂T

∂z
+R

)

,

ω = ∂z/∂σ · σ̇
σ

[

ρLω = k
∂T

∂z
− F

]

z=z ,z

,

L F
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