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* multi physics =2 tightly coupled PDEs
e.g.: fluid structure interaction, heat or electrical/magnetic
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COMSOL Multiphysics

* multi physics =2 tightly coupled PDEs
e.g.: fluid structure interaction, heat or electrical/magnetic

* COMSOL: _ ANSYS: coupling FVM—-FEM
FEM for all types of physics Fluent. cfx .. FEVM

Mechanical ... FEM
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- \_ AC/DC
1)} Acoustics

> ¢ L “ Chemical Species Transport
b U Electrochemistry

» ~=Fluid Flow
o= Heat Transfer
> IIC'T'- Optics

» £ Plasma
’ I'_-L-_-II
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» A u Mathematics

predefined physics

+ flexible PDE+ODE-Modules

Vv A Mathematics

A 4_.u PDE Interfaces
» - ODE and DAE Interfaces
B C.,/Optlmlzatlon and Sensitivity
» < Classical PDEs
b S Moving Interface
> g Deformed Mesh
= Wall Distance (wd)

E.fc Mathematical Particle Tracing (pt) ——
% . Curvilinear Coordinates (cc) 4
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Why FEM ?

P(0,0,)u =F, uy=f, Bu= g, assumption: u=u =X u;pi

constant value P T

for each volume / Fourier expanion

Finite VolumeMethods polynomial on each cell Spectral Elements Methods

FVM SEM
( ) Finite Elements Method (FEM) ( )

mathematical model & governing equations —> precision 5
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— ' d tit
0 U+ 0 xF =F in. 0 u ... conserved quantity
I..flux, £ ..volume

* FEM
J odV . weak o
0 formulation
if @
- FVM

see https://www.comsol.de/blogs /fem-vs-fvm/

Conservation Law: The sum of all drawbacks stays constant. 9
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Conservation Law: The sum of all drawbacks stays constant.
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FEM: FVM:
higher order = straight forward higher order:
— adaptive mesh refinement method becomes less local
unphysical oscillation high numerical diffusion
conservation: conservation:
globally satisfied
locally: by default locally satisfied
with continuous functions not satisfied
COMSOL - discontinuous Galerkin (DG)

Conservation Law: The sum of all drawbacks stays constant. 11
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1T Model Builder

- = =t

|, 2

’QA time_dep_check_point.mph (root)
> 'Global Definitions
v Q Component 1 (comp1)
» = Definitions
» [#% Geometry 1
» _=: Materials
» —=-Laminar Flow (spf)
a__k Mesh 1
» ~o Study 1
> @ Results

13
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1T Model Bwlder
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» [#% Geometry 1

» [:: Materials

P~ Laminar Flow (spf)

/5 Mesh 1

P ~db Study 1

> @ Results
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Label: STREAMLINES

+ Data
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Vv /5 Mesh user defined
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Distribution 1
' Distribution 2

' Distribution 3
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Trees

v /% Meshes

v B STREAMLINES > /% Mesh 1
¥ 4 Streamline 1 ¥ /% Mesh user defined
4.5 Size
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