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Convection2D.m

Convection2D.m - Paul Tackley

kód v prosťred́ı Matlab

klasický Boussinesq

+ teplotně/hloubkově závislá viskozita

jednoduchý model, konečné diference

současné numerické metody: multigrid, upwind ...
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Convection2D.m

Řešené rovnice, bezrozměrné

Pohybová rovnice + z.z.e. + z.z.hm.

−∇p +∇ · σ = −RaT~ez

∂T

∂t
= κ∇2T − ~v · ∇T

∇ · ~v = 0

Reologie, teplotńı závislost viskozity

σ = 2ηD

η(T ) = exp(−A(T − 0.5))
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Multigrid

Multigrid

iteračńı metoda

ilustrace: Poisson (”stream function” formulace)

operátory: Restrikce, Prolongace, Zhlazeńı

Zhlazeńı - dva náhledy: bodově vs. maticově

xn = xn−1 − (L + D)−1 · ξn−1
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Multigrid

Multigrid - možnosti

práce s operátory restrikce, prolongace a zhlazeńı

formulace úlohy na ř́ıdké śıti - fyzikálńı vhled

prolongace tlaku - problém s p̌rehnanou korekćı

diferenciálńı operátor na ř́ıdké śıti - nemuśı být stejný

Srovnáńı s p̌ŕımým řešičem, vliv restrikce/prolongace

Problém: korekce tlaku!
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Tlak obecně

Termodynamický vs. Mean normal stress

p := ρ2 ∂ε
∂ρ versus m := 1

3 trσ

(m + p)∇ · ~v → (m + p) = β∇ · ~v

V nestlačitelném p̌ŕıpadě sférická část tenzoru napět́ı
nereaguje na vlastnosti materiálu

Numerický problém: rovnice kontinuity
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Role tlaku

Role tlaku v pohybové rovnici - zajǐstěńı nestlačitelnosti

−∇ · (η(∇~v + (∇~v)T ) = −∇p + RaT~ez

−div(A∇u) = f

ξT · Aξ > C1|ξ|2

∑
i ,j ,α,β

Aα,βi ,j (x)ξαi ξ
β
j = 2η((ξ1

1)2 + (ξ2
2)2) + η(ξ1

2 + ξ1
2)2
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Korekce tlaku

Korekce tlaku: SIMPLE, SIMPLER, δp = −η∇ · ~v
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Maxwell̊uv element

Śıly: F = FS = FD , Geometrie: ∆ = ∆S + ∆D

Výsledný reologický vztah: σ̇
E + σ

η = ε̇

Objektivita/PMFI : A∗ = QAQt

tenzor napět́ı p̌redpokládáme objektivńı, D je objektivńı

Požadavek: Qσ(ρ,D)Qt = σ(ρ,QDQt)

Proto: trel(
Dσ
Dt − Lσ − σLt) + σ = D
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Implementace - Maxwell

D ∂σ
∂t + σ = 2ηD

∂σ
∂t = σn−σn−1

dt D = 1
2 (∇~v + (∇~v)t)

σn(1 + D
dt ) = η(∇~v + (∇~v)t) + D

dtσn−1

σn = dt+D
D η(∇~v + (∇~v)t) + D

dt+Dσn−1
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Děkuji za pozornost
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