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1. Introduction — E.D.P

e, 2 U4, % =F
o o

oT
Heat Flux: ,OCpa— — L [ﬁkDT) = Qheat source

Mass Convection-Diffusion: g_ — ] [GDDC) = R- (u C)
t

DC Conductive: — ] [(UDV) =

0
Electrostatics: —[] [(gr gODV) =0
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Modéliser 0°u +d ou cOT = F
presque tout! © o2 2ot
Structural Analysis: [] [[6] =F
1 97 —[
Acoustics: I[I:Z atzp + (O) +L [é ppj QSource
Navier-Stokes: (,OU) =0
—+D[ﬁp| n{ou+(0u)")) =F - pumu
Gauss's Law: LID=p
, 0B
Faraday’s Law : —+[IXE =0 <ucomsoL

ot



Générateur électrique

Dynamics of a Generator

This example shows how the gircular motion of 2
oo with permanent magnets in a generator
results in an induced EMF in the stater winding.
The generated voltage is calculared 2z a function of
time during the romtion.

The plot on the lef shows the magnadc flux
density along with a contour ploc of the magnetic
potential. hota the brighter nagions, which indicare
the posidon of the permanent magnets in the rooor:
The figure on the right shows the geometry and

simulation of the generatar in 30

Ingenierie biomeédicale

Plastic Deformation During the Expansion of a Stent

Percutaneous  oansluminal  angioplasty  with
stenting is a widely used method for the
trearment  of atherosclerosiz. During  this
procedure, a stent is deployed in to the blood
vassel by means of a balloon. The expanded
stant acts at a scffold thar keeps the blood
wvassal open.

This maodel studies the deformation of a stent
subjected oo a radial ouoward pressure wsing an
elasto-plstic  materal model  with  linear
hardening. The animaticn shows the ol
displacement. and illustrates both the non-
uniform expansion and foreshortening of the
stant
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Ecoulement diphasique

Droplet Breakup in a T-junction

Emuksions consist af small ligwid droples immersed
in an immisciie ligsd and widety cccur in the
production of food, cosmetics, fine chemicals, and
pharmreeutical producs,

The qualty of the product s typicaly dependent on the size
af the droglers. Simufating these processes cn hefp in optimizing
these droplecs as wel as other process varables.

This model and arimatian shows an sosurface plot of the volume mass fraction
af the mmersad fuad in an emuision.The creation of the droplet is cleardy szen.
Factors such as fiuid fiow and additare chemicais can also be soedied w see how
thiey affect droplet size and forrmdan.

!

Contacteur test

Contact Analysis of a Snap Hook Fastener

Fasteners like this are common in the automotive industry, for example
in the control panel of a car In this case it is important to know the force
that must be applied in order to place the hook in the slot, as well as the
force needed to remove it

The animation shows the movement of the hook as it firstly snaps into
its groove and then as it is detached. The color plot shows the von Mises
stress.
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Analyse financiére: \

Calcul de la valeur d’un indice européen
avec I'’equation
de Black-Scholes X

\

The famous Black-Scholes equation computes the cost u of a European stock option

1 2 ‘?8 u Ju
+50°x ri— = Iru

I 2 ox

du
ot
with the tollowing parameters:
* x, the underlying asset price
* 1, the continuous compounding rate of interest
* 0, the standard deviation ot the asset’s rate of return (also known as volatility)
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Solitons : équation de Korteweg-De Vries

‘v = Guu O 8 8] —
u(-8.t) = u(8.1), periodic
Deux solitons a I'instant t=1,875s
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Vagues en eau peu profonde | —_

 Equations de Saint-Venant :

0z "
—+[1[{z2v) =0
at R M T
a(z\/) Coupe de profil du fond et de la surface d'un lac.
t + [ {zvY¥) + gzZllz-uA(2v) =0
z = profondeur d’eau 0025

v = vitesse verticale
g = acceélération de la pesanteur
V = ViScosité cinématique

n.oz




Equation de Boltzmann

Résolution de I'equation de Boltzmann a deux termes:

propriétés de transport (haut) et 1

COMSOL %
MULTIPHYSICS ‘a&

fonction de distribution de I'énergie (milieu)

des électrons dans un plasma d’oxygene
(bas). |

f(v) = fy(v) +f(v)cosB+ ..., cosB=v.-E/(vE)

I

Y E}fn 2 of . kg Tafn| ‘

a— | | Elfﬂ'l‘Tan

m
G, = Z 2.-'_1;5}* S = Z C,

k£ |elastic] k£ |elastic]
C.ia £ |attachment} = _Eck{‘c‘)‘fﬂig}
Ch & fexc., dissoc.] = —[E0R(E)fg(e) — (£ +Agy) 0y (2 + Agy ) fy(e + Agy )]
Ch = fionization] = —LE04(E)fp(e) —2(2e + Ay ) 0, (2e + Agy, ) fp( 22 + Ag; )]

_E1%
1~ No,de
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Perte de charge dans un reseau hydrauliqgue

Forme faible:

I q@— f qF(q)

~dg
,[ Pffﬁ 0

Calcul de débit dans un reseau de tuyaux.
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Réduction de modeles complexes

Inducteur dans un Circuit Amplificateur
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A .
L ah |

Tension des signaux

- Densite de flux magnétique Densité de flux magnétique
T
Vin 1 0 1 c
Vcc 4 0 15
Rg 1 2 100
Cn 2 3 10u
R1 4 3 47k
R2 3 0 10k
RE 7 0 1k
Cout 5 6 10u
gll 2 2 %k Q@N2222
LI B-Fem ab. 11 b >« inducteur
END
L_FEM
§47k g
Output
Il
10u
AM—] ~
N

Input

Q2N2222

-

d’'entrée, de sortie et
de lI'inducteur
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MATLAB
M-file or

i -

\ 4

dxf

A

direct link

iges, sat, etc.

text file

A

Interpolation Function.
Postprocess to grid.

SPICE ChemKin
< “E COMSOL
Models - Reactions
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Signals & Systems Lab

* New functionality for model calibration and parameter estimation
using nonlinear least-squares methods
— Implemented for multiple sets of data

« New examples —

NE COMSOL
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Signals and Systems Lab

» Contains over 100 functions to support :
— signal processing,
— system simulation,
— system identification,
— design and analysis of control systems,
— adaptive filtering,
— non-stationary signal and statistics.

» Spectral tool GUI
 Transfer Function tool GUI

* Probability Density Function tool GUI

NH COMSOL
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FFT analysis of Genera Evolution

« Perform a frequency analysis of genera evolution

GENERA
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Frequency
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Reaction Engineering Lab

« Modéles de systémes de réactifs a partir de E :_ = | i
formules de réactions chimiques. ‘ e

» Equations de bilan de matiere et d’énergie
pour les réacteurs idéaux.

« Calibrer et valider des modeles par comparaison avec les résultats
experimentaux : estimation de parametres

« Modeles dépendants de I'espace dans Comsol Multiphysics.

NH COMSOL
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The Reaction Engineering Lab

 Reaction Engineering Lab sets up models of reacting systems from
chemical reaction formulas

» [t solves material and energy balances for ideal reactors

 Parameter estimation allows for calibration and validation of
models to experimental data

» |t sets up space dependent models in COMSOL Multiphysics

NH COMSOL
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The Reaction Engineering Lab

k 7 .
Ga(C2H5)3 ! Ga(CzHS)z CZHS

Ga(CyHs),  ——  Ga(CyHz)H CoHy

+

+

% Reaction Settings

Reactions | Species Forrulz
Reaction list |gaet3=>gaet2+et | Type [Irreversible v |
gahet+ethene M= | Therma
~3h2+ethens Arrhenius parameters

& COMSOL Multiphysics - Geom3 : Gafs_CYD_extruded.fl & COMSOL Reaction Engineering Lab : prooned_gas_900k.rxm
fle Edk  Options Draw ﬁ% Mesh gove Postprocessng  Myltiphysics  Help Quﬂntity ValuEfEHprEssiun File Model Simulstion Help
LEEs  nalhlis $4=2(8PLR4 thann 0k ? forward reverse DBHS 0Ll 2=RPAP+ @& sD03[2
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% i 4+ Coone
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Reaction Engineering Lab exports to COMSOL
Multiphysics

* Transfer the kinetic model and physical properties of the reacting
mixture from ideal reactors to space-dependent systems

 Move into detailed reactor analysis and design

) 1 +00{-DOg, +ug ) =R

NE COMSOL



Fluid Catalytic Cracking

Coke
/ \
Ky
HCO LCO
heavy crude oll light cycle oil
ks
K, ks K,
Gasoline ke Gas

 Reaction Engineering Lab
— Automatic generation of complex kinetics
— ldeal reactor modeling

ConMSOI
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Compression Ignition of Methane

L3 Pgure L -CCMZoL
CELYS FEEF I

g: H202¢=>H02-C3H8 e
e 657000
[Foretics | Therma CZ\007 C2BOAT. 007 AR/ . 700
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s, 5. 4008412 \ 454 2800.00
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Reaction Engineering Lab
Import and solve combustion kinetics
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5.2 Controle Actif avec COMSOL 3.4

Contrble d’écoulements
— Conditions aux limites (variables de couplage)

— Corps solides dans un domaine fluide (ALE,
levelset, autres...)

o
T 55 ok 3T AL 0 1 2 3 4 5 6 7T Min: 0

spoiler angle to aftitude

Analyse piézo-€électrique en .

Acoustique, MEMS, ... *‘

Interface d'import SPICE en s s
électromagnétisme AC/DC s -

Controle de systemes: [ S Vi S S
Signals & Systems Lab 2
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Feedback and Control with COMSOL ...

You can simulate your control loops in COMSOL
Full 2D or 3D detail rather than Lumped Mass Models ...
« On/Off Control

 Proportional Control
 Full PID Control

NH COMSOL
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The Problem ... Compare Thermal Control
Performance: On/Off vs Proportional

 Integration Coupling Variable — T+hermocoupLe
 Feedback — Heatflux Boundary Cond - Peltier

High Wattage IC Thermocouple

lHeat Conducts on Board l
=== E= =

Peltier Cooler: OFF

Thermocouple

Feels Heat
/ *i .
% el "h--_
Peltier Cooler: ON <N COMSOL
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On/Off vs. Proportional Control of Cooler

* Feedback through Flux Boundary Condition at Peltier
Qo ot = -0_peltier*(T_sense > T_threshold)
Qproportional = ~d_Peltier<(T_sense - T_threshold) / 10

Temperature - Gn Off Control

IC Temperature - Proportional Control

200

-
o
o

Temperature

e
—
o
o

Temperature [C]

50 L

0 0.1 0.2 03 04 05 06 07 08 0 0.1 0.2 0.3 . 04 0.5 0.6 0.7 0.8
. Time [sec]
Time
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Related Problem ... How about PID
Control?

« Control top inlet gas flow rate by measuring concentration
 Use new ODE Solver to evaluate time integral part of control

/

Marme l[u‘]/ Equation

Ink |Intt-{u:u:unn:-n:_set]|




Vous et COMSOL sur www.comsol.fr

e Version d’évaluation sur 2 semaines
www.comsol.fr/contact/evaluation.php

« Documentation, formation, etc

» Support avec support@comsol.com

Bibliotheques de modéles : www.comsol.fr/showroom/
Formations : www.comsol.fr/training/

Livres : www.comsol.fr/stories/books/

CD : www.comsol.fr/conference2007/cd/

Conférence COMSOL 2008

Etude gratuite de faisabilité
Support technique

COMSOL %
MULTIPHUSICS: RP
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Conférence COMSOL 2008

COMSOL
CONFERENCE

8002

HANMNOVER

4-6 novembre 2008 a Hanovre

Conférences COMSOL 2007

' www.comsol.fr
En 2007 a Grenoble CD gratuit sur comso

* 300 participants {' -
08 présentations orales z._:\

o 250 applications
o 190 présentations
* 40 modeles

+ de 150 rdv de support + de 540 places de minicours W CoMSOL



CoOMSOL &
MULTIPHYSICS '«Q

Optimisation des Parametres SPICE décrivant une Diode Semi-conductrice

Graphique en relief de la concentration de trous = ‘Q _ I
(porteurs de charge positive, figure de gauche) et |

superposition des /
caractéristiques de fonctionnement de la diode et du aemeet—
circuit équivalent (droite).

Mercl

de votre attention !

g\!\ Comparaison d’un modele de transfert thermique 3D

avec un modele réduit 1D.
Prise en compte du rayonnement entre les faces
internes du tuyau par intégrales de convolution

} NE COMSOL



