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On Bodies and Boundaries

bulk element
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Finite Eleme

nts

linear

4

1

guadratic

+ Coordinate—system metric

Real geometry mesh

Elmer unit size elements
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Finite Elements contd.

General advection diffusion equation:

Vg a(At)/ P3P dS) + \Ifﬁ/ [u Voo + Vg - VQba} df) =
Q)

A\ _J/ Q _J/
M S
%(mV\IJ%) - ndS) +
QQ 4 \ - _J/
na?rBC ?
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Finite Elements contd.

General advection diffusion equation:

Vg CL(At)/ P3P dS) + \Ifﬁ/ [U_ Voo + Vg - VQ/ﬁOJ df) =
Q)

A\ _J/ Q _J/
M S
j[(/@'V\If%é) - ndS) +
QQ 4 \ - _J/
na?rBC ?

(M+S) ¥ =Hf

M. .. Mass matrix, S... Stiffness matrix, f...force vector
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Solution Levels

time integration 1. Timestep Intervals
steady state iteration 2.
Solver 1
non-linear iteration 3.
linear iteration 4,
end linear iteration 4.
end non-linear iteration 3.
Solver 2
direct solver
end steady state iteration 2.
end time integration 1.
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Solution Levels

time integration 1. Timestep Intervals
steady state iteration 2. Steady State Max lterations
Solver 1
non-linear iteration 3.
linear iteration 4.
end linear iteration 4.
end non-linear iteration 3.
Solver 2
direct solver
end steady state iteration 2. Steady State Convergence Tol erance
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Solution Levels

Solver 1
non-linear iteration ‘Nonlinear Max Iterations
linear iteration 4,
end linear iteration 4.
Solver 2
direct solver
end time integration 1.
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Solution Levels

time integration

steady state iteration

Solver 1

non-linear iteration

linear iteration

end linear iteration

end non-linear iteration

Solver 2

direct solver

end steady state iteration

end time integration
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Time Integration

Two different schemes ([ Ti nest eppi ng Met hod = ):
@ Crank-Nicolson method ( & ank- Ni col son )

@ Backward Differences Formulae ([BDF)

® BDF Qder
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Time Integration

Two different schemes ([ Ti nest eppi ng Met hod = ):
@ Crank-Nicolson method ( & ank- Ni col son )

@ Backward Differences Formulae ([BDF)
® BDF Order

@ [Tine Derivative Oder if 2, then Bossak method
(Bossak Alpha Real )

® Timestep Intervals

® Timestep sizes

@ Adaptive timestepping only for BDF 1
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Steady State Problem

Convergence between mutually dependent solver
(e.g., advective heat transfer = Navier-Stokes + Heat Transfer Euqgation)
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Steady State Problem

Convergence between mutually dependent solver
(e.g., advective heat transfer = Navier-Stokes + Heat Transfer Eugation)

o St eady State Convergence Tol erance
|20 — 6D/ 20| < ey
@® Steady State Max Iterations
j S jmax
® s eady State Rel axation Factor

A B0 S Aw0) 4 (12U
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Non-linear Problem

Linearization: ‘ . ,
A(\If) U — f(\IJ) _ A(\IJ(Z_l)) \I,(z) _ f(\:[j(z_]-))
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Non-linear Problem

Linearization: |
AT =f(T) = APWED)EO = f(@li-1)

¢ _
[ — D)/ @] < e
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Non-linear Problem

Linearization:
AT =f(F) = APED)E0) = f(pli-1)
@® Nonlinear Syst em Conver gence Tol erance
@) — S/ D] < e
@® onlinear System Max lterations
< Tmax
@® Nonlinear System Rel axati on Fact or
A B0 S AP0 4 (1 - \) el
Navier-Stokes:
® default Picard iteration: u - Vu ~ ul=1 . Vuli=1)
@ [ Nonlinear System Newton After Iterations Newton iteration:
u-Va~u® . vl 4 a1 . vu® — gl . gui-
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Linear Solver

@ Three solution methods for
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Linear Solver
@ Three solution methods for

Li near System Sol ver =

@ Direct methods (Keyword: Di r ect)
Li near System Direct Method =

@ standard LAPACK ( banded )

@ alternatively UMFPACK - Unsymmetrical Multi Frontal ( UMFPACK )
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Linear Solver
@ Three solution methods for

Li near System Sol ver =

@ Direct methods (Keyword: Di r ect)
Li near System Direct Method =

@ standard LAPACK ( banded )

@ alternatively UMFPACK - Unsymmetrical Multi Frontal ( UMFPACK )

@ Krylov subspace iterative methods (Keyword: | t er at1 ve)

® Linear Systemlterative Method =
Conjugate Gradient ( CG ), Conjugate Gradient Squared (| CGS ), BiConjugate Gradient Stabilized
( Bi CGSt ab ), Transpose-Free Quasi-Minimal Residual (| TFQVR ), Generalized Minimal
Residual ( GVRES )

® Linear System Convergence Tol erance |A Y =f|/||f|| < €in
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Linear Solver
@ Three solution methods for

Li near System Sol ver =

@ Direct methods (Keyword: Di r ect)
Li near System Direct Method =

@ standard LAPACK ( banded )

@ alternatively UMFPACK - Unsymmetrical Multi Frontal ( UMFPACK )

@ Krylov subspace iterative methods (Keyword: | t er at1 ve)

® Linear Systemlterative Method =
Conjugate Gradient ( CG ), Conjugate Gradient Squared (| CGS ), BiConjugate Gradient Stabilized
( Bi CGSt ab ), Transpose-Free Quasi-Minimal Residual (| TFQVR ), Generalized Minimal
Residual ( GVRES )

® Linear System Convergence Tol erance |A Y =f|/||f|| < €in

® Multilevel (Keyword: MJI { | gr | d) Geometric (GMG) and Algebraic (AMG) MW

CSC

_ Elmer UGM - p.10/11



Preconditioning
A-U=f

-

CSC

Lmer UGM —p.11/11



Preconditioning

A - U=fF
solving instead:
AM . ®d=f withd=M-U
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Preconditioning

A-v=f1f
solving instead:
AM 1. ® =f with® =M ¥
Why?: AM ! shall have a towards convergence of iterative methods
Improved spectrum
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Preconditioning

A-w=f1
solving instead:
AM 1. ® =f with® =M ¥
Why?: AM ! shall have a towards convergence of iterative methods
Improved spectrum  Linear System Preconditioning =

@® rone

® o agonal

@ [ILUn n=o012...
® Lur

® Mitigrid
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