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σY
σ
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n

, inelastic solids

0 < τ ≪ 1, viscous fluids
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Lid-driven cavity flow of Hershel-Bulkley fluid, σ0 = 0, Re = 100:
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Continuous medium

Frame
spin

∂A

∂t
+ v ⋅ ∇A +A∇v = −

1

τ
EA

B = ∇×A ≠ 0

∂B

∂t
+∇ × (B × v + τ−1EA) + v∇ ⋅B = 0

Coupling via energy
(Lagrangian)

E = E(ρ, ρv,A,B, . . .)
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4D equations

Eul.-Lagr. ∂λ (ε
µνηλL ⋆

Taνη
) = −LAaµ

Identity ∂λ
⋆

T aµλ = 0

Energy-mom. ∂µLAaµ = 0

Distortion ∂µA
a
ν − ∂νA

a
µ = T

a
µν

D ∼ ∂tA + v ⋅ ∇A B ∼ ∇×A

3D equations (3+1)

∂tD +∇ × (D × v −EB) =
1

α
EA

−
1

η
ED

∂tB +∇ × (B × v +ED) = 0

∂tM +∇ ⋅ (M ⊗ v + PI +ET
AA −ET

DD −ET
BB) = 0

∂tA + v ⋅ ∇A +A∇v = −
1

α
ED

α ∼ length−1
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