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e Baggrund
— COMSOL og IDA Matematik
e COMSOL Multiphysics
— Udvikling
— Anvendelse

e Matematisk software

— Hvad kan vi laere af historien
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Baggrund

e Kemiingenigr.
e ErhvervsPHD fra Novo Nordisk og Institut for Kemiteknik,
DTU.

e Omrader

— Matematisk modellering, regulering, multivariabel statistik, neurale
netveerk, optimering, parameterestimering.

e Arbejder for COMSOL (Lyngby)

— Marketing, salg, udvikling, konsulent
e Formand for IDA Matematik.
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COMSOL

e Mission
— To develop easy-to-use software for modeling and
simulation of real world multiphysics systems.

— To assist our users in getting the most out of our
products.
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Worldwide Sales Offices

» 18 offices in Europe, India and USA, Distributor network
* +400 employees.
* More than 90.000 users.
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e 10 ansatte i Danmark
(9 mastergrad, 2 Ph.D.) ?

® COMSOL OFFICES ®
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IDA Matematik I il /\

e Fagteknisk selskab under IDA

— (Ca. 1200 medlemmer fordelt over hele Danmark

e Afholder fortrinsvis ga-hjem-mgder:

— Vind og vejr, ekonomi, kryptografi, bitcoin, akustik, pharmakokinetik,
grafik til spil, topologi-optimering, stremning, statistik, machine
learning, ...

e Konference om matematisk software (2012)
— Maple, Mathematica, MathCad, COMSOL, Mosek, MATLAB.
e Kontakt mellem virksomheder og studerende.
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IDA Matematik B=D+A

e Ga-hjem-megder
— Som regel nemt at fa folk til at snakke om det de laver
— Fa personer definerer sig som matematikere
— Vivil gerne se ligninger
— ...0g ogsa gerne praktiske resultater

— Send gerne forslag til mig ...
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What is COMSOL Multiphysics?

e More than one physics acting at the same
time
— Coupling between physics
e Multiple single physics problems

— No coupling between physics

Radiation Pattern of a

Broadband Conical Antenna ' Porous Reactor |

Fluid-Structure Interaction of a
Solar Panel

Cooling of electronic

components '

Acoustics Speaker Systems
T mm——



Real Systems are Multiphysics Systems

Electromagnetic
Fields

Heat Transfer

Chemical Structural
Reactions Mechanics

User-Defined
Equations

N COMSOL



Interactive Modeling Environment

COMSOL Desktop® —
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* Mesh Graphics
* Solve Ultrafast graphic presentation, stunning
* Results visualization, and multiple plots
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Equations (coef. Form)

ou
da E -V - (CVU + aU— ]/) + ,BVU +alU = f inside subdomain

n-(cVu+au—y)+qu=g+h'u
hu=r

} on subdomain boundary
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PMC Boundary

Current Sheet for
TE Plane YWave

@

We chose COMSOL because it is
likely the only commercial simula-
tion tool that enables the user to
specify the shell’s unusual electro-
magnetic properties.

Steve Cummer (left) and David Schurig
both from Duke University, Durham, NC.
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The Ginzburg-Landau Equation Solved by the Finite
Element Method

e Mads Peter Sorensen, Tommy S. Larsen, MAT, DTU. Niels Falsig
Pedersen and Sgren Madsen, @rsted, DTU

e The Ginzburg-Landau equation coupled to a magnetic field:
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e The equation for the magnetic vector potential A:
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ELECTRICAL
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Product Suite — COMSOL 4.4

COMSOL Multiphysics®

T = < ]
AC/DC Y Heat Transfer | CFD | Chemical Reaction 5 Optimization
Module s Module - Module 2 | Engineering Module = Module
¥ 5 &
L -
z =
RF Structural Mechanics Mixer Batteries & Material
Module Module Module Fuel Cells Module Library
Wave Optics Nonlinear Structural Microfluidics Electrodeposition Particle Tracing
Module Materials Module Module Module Module
MEMS Geomechanics Subsurface Flow Corrosion
Module Module Module Module
Plasma Fatigue Pipe Flow Electrochemistry
Module Module Module Module

Semiconductor
Module

Multibody Dynamics
Module

Acoustics
Module

Molecular Flow
Module
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INTERFACINC

LiveLink™
for MATLAB®

CAD Import
Module

LiveLink™
for SolidWorks®

LiveLink™
for Inventor®

LiveLink™

for Creo™ Parametric

LiveLink™
for Solid Edge™

COMSOL, COMSOL Multiphysics, Capture the Concept, COMSOL Desktop, and Livelink are either registered trademarks or trademarks of COMSOL AB. All other trademarks are the property of their respective owners, and COMSOL AB and its

subsidiaries and products are not affiliated with, endorsed by, sponsored by, ar supported by those trademark owners. For a list of such trademark owners, see hitpifwww.comsol com/tm

LiveLink™
for Excel®

ECAD Import
Module

LiveLink™
for SpaceClaim®

LiveLink™
for AutoCAD®

LiveLink™
for Pro/ENGINEER®

File Import
for CATIA®VS
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Udviklere

Konkurrence fra hele verden

— Udvikling i Sverige, USA,
Danmark, Frankrig, Indien ...

— Ansggere fra hele verden.

e Skaber ny viden og metoder

— Gode kontakter til betyc'jende
universiteter over hele jorden.

— God indsigt i hvad virksomheder
gerne vil have.

e Internationalt miljg

Akustikudvikler

Jobbet

. lmplementering of ny funktionalitet i COMSQL Multi
. 5 pecificering af ny funktionalitat [ Akustik Modulet
* Bygge og dokumentera nye demunstrationsmﬂdelle
* Dokumentation af funktionalitet

+ Begraenset rejseaktivitet ti| feks. konferencar og udy

Kvalifikationer

kraayer stillingen-

+ Konstant tilagnelse af ny viden

* Atman kan satter Sig ind i nye emner inden for akys
* En stasrk Matematisk forstielsa pa differentia”ignir g
v Gode mundtlige og skriftlige formuleringsevner pde
*_En solid gry ndviden inden for akustik og vibrationgr

Viden og/eller erfaring inden for et af nedenstiende omr

* Finite Element Metaden og/eller Boundary Element |
+ Ikkelinesr akustik
* Akustik koblet tj| flow

www.comsol.dk/company/careers
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Udvikling i regnekraft
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Udvikling i maden at arbejde pa

Computer
Scientist

Engineer

Engineer
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TOYOTA RESEARCH INSTITUTE

e By combining jet impingement with a
peripheral channel structure, Toyota
was able to create a process to remove
the most heat with the least pressure
drop

e Modeling showed the optimal cooling
channel topology for the cold plate
design

— Using this topology, they designed and

evaluated a prototype to verify pressure
drop and heat transfer

Extract from COMSOL News 2012
© 2012 COMSOL. All rights reserved



Matematisk Modellering

e Opna resultater
— Forsta den eksisterende process eller idé.
— Optimere.
— Spare tid (virtuelle prototyper).
— Spare penge.
e Dokumentere
— Modellen er “levende” dokumentation.

— Kan let overtages af andre.
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Konklusion

e Matematik er teet forbundet til anvendelse og/eller udvikling
af software.

e Matematisk software er som regel meget nem at anvende

— Sparet tid
e mulighed for bedre forstaelse vs. hurtige, nemme resultater.

— Kraever matematisk og fysisk forstaelse.

N COMSOL
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Mere information

e |IDA Matematik

— www.ida.dk/netvaerk -> It, Tele og Elektroteknik
— Bitcoin: 26. maj 2014.

e COMSOL Multiphysics

— www.comsol.dk
— Workshops: www.comsol.dk/events
— Konference: www.comsol.dk/conference2014

e Email: larsg@comsol.dk
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