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COMSOL Multiphysics®, -
COMSOL Compiler™ a COMSOL
Server™



Fyzikalni jev

Vystoupeni americkeho rapera 2Pac v roce 2012.
Americky raper zemrel po prestrelce 13. zari 1996.

Na koncertu byla pouzita opticka iluze zvana ,Pepper’'s ghost".

Jedna se o projekci pres opticky prvek propoustejici okolni
svetlo a odrazejici divakovi skrytou predlohu.

~Pepper's ghost” optickou iluzi Ize sestrojit doma.

W COMSOL




Model Builder ¥ 4| Settings
- = =TEl = - Global Definitions

CO M SO L 4 & Untitled.mph (root)

4 (7)) Global Definitions N

Fi  Parameters 1
Multiphysics®
. o 4 @ Component 1 (comp 1)
= Definice parametru b = Definitions
bW Geometry 1
ca= Materials

A5 Mesh 1

Results

wmCOMSOL




COMSOL
Multiphysics®
= Definice parametru

= Tvorba/import geometrie
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COMSOL
Multiphysics®

= Definice parametru

= Tvorba/import geometrie

= Knihovna materialu

= Okrajové a pocCate¢ni podminky
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[Sep 4, 2020 1:52 PM] Number of degrees of freedom solved for: 95000,
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COMSOL
Multiphysics®

= Definice parametru

= Tvorba/import geometrie

= Knihovna materiall

= Okrajové a pocCate¢ni podminky
= Sitovani vypocetni oblasti

= Vypocet simulace fyzikalniho

d&je

= Zpracovani vysledku

= Tvorba aplikace
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COMSOL Server™

Sdileni aplikace pres
weboveé rozhrani

Server bézi u vas na pocitadi

Komu vygenerujete heslo,
ten mUze ovladat aplikace

Aplikace pro mobilni telefony



e T | A S COMSOL Compiler™

= Aplikace kompilovana s RunTime
knihovnami COMSOL
Multiphysics®
= Vytvori stand-alone program pro
simulaci dané ulohy

= Vygenerujete licencni soubor
CQM PILE and II_l)IiTRIBUTE multiple apps

* Prodate program pro vypocet
RUN simulation apps obtékani elektrarny

on any machine

wmCCoOMSOL




The COMSOL"

Software

Product Suite

SOHNMSOL_
MU TIPHYSICS®

DEPLOYMENT PRODUCTS

m COMSOL Compiler™
m COMSOL Server™

W0 COMSOL

The platform product.
Understand, predict,
and optimize physics-
based designs and
processes with
numerical simulation.

Distribute simulation
applications created with
COMSOL Multiphysics.

ADD-ON PRODUCTS

ELECTROMAGNETICS

AC/DC Module

RF Module

Wave Optics Module
Ray Optics Module
Plasma Module

Semiconductor Module

FLUID & HEAT

CFD Module

Mixer Module
Microfluidics Module
Porous Media Flow Module
Subsurface Flow Module
Pipe Flow Module
Molecular Flow Module
Metal Processing Module

Heat Transfer Module

STRUCTURAL & ACOUSTICS

Structural Mechanics Module
Nonlinear Structural Materials Module
Composite Materials Module
Geomechanics Module
Fatigue Module
Rotordynamics Module

Multibody Dynamics Module

MEMS Module

Acoustics Module

CHEMICAL

Chemical Reaction Engineering Module
Batteries & Fuel Cells Module
Electrodeposition Module

Corrosion Module

Electrochemistry Module

MULTIPURPOSE

Optimization Module
Material Library
Particle Tracing Module

INTERFACING
LiveLink™ for MATLAB®

LiveLink™ for Excel®

CAD Import Module
Design Module

ECAD Import Module
LiveLink™ for SOLIDWORKS®
LiveLink™ for Inventor®
LiveLink™ for AutoCAD®
LiveLink™ for Revit®
LiveLink™ for PTC® Creo® Parametric™
LiveLink™ for PTC® Pro/ENGINEER®
LiveLink™ for Solid Edge®

File Import for CATIA® V5
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The COMSOL®
Software

Product Suite

ADD-ON PRODUCTS

STRUCTURAL & ACOUSTICS

MULTIPURPOSE

Optimization Module
Material Library

ELECTROMAGNETICS Structural Mechanics Module Particle Tracing Module
RF Module Composite Materials Module
Wave Optics Module = Geomechanics Module
Ray Optics Module Fatigue Module INTERFACING
COMSOL Theplatformprodust. Plasma Module B hod e LiveLink™ fr MATLABS
M U I_TI D H YS lC S ® U nderstand, predict, Semiconductor Module MUIthOdy Dynamlcs Module LiveLink™ for Excel®
and optimize physics- MEMS Module CAD Import Module

based designs and Acoustics Module
processes with

numerical simulation.

Design Module
ECAD Import Module

FLUID & HEAT LiveLink™ for SOLIDWORKS®

CFD Module LiveLink™ for Inventor®
Mixer Module CHEMICAL LiveLink™ for AutoCAD®
Microfluidics Module Chemical Reaction Engineering Module LiveLink™ for Revit®

Batteries & Fuel Cells Module

Electrodeposition Module

Porous Media Flow Module LiveLink™ for PTC® Creo® Parametric™
LiveLink™ for PTC® Pro/ENGINEER®
LiveLink™ for Solid Edge®

File Import for CATIA® V5

Distribute simulation
applications created with
COMSOL Multiphysics.

Subsurface Flow Module
Pipe Flow Module Corrosion Module
Molecular Flow Module Electrochemistry Module
Metal Processing Module

Heat Transfer Module

W0 COMSOL
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https://www.engineering.com/PLMERP/ArticlelD/20388/Multiphysics-in-VWs-Kassel-Factory- https://www.comsol.com/story/multiphysics-analysis-
COMSOLs-Capability-Breaks-the-Dominance-of-Big-League-PLM-Players.aspx advances-water-main-leak-detection-57771

Multi- -
Modal Virtual Reality Experience

Playback

Virtual Tuning, -
Cabin Acoustics, .. System Performance

Packaging, Structural Mech Integration

Transducers and Subsystems

https://www.comsol.com/story/simulation-applications- https://www.comsol.com/blogs/simulation-applications-
help-shape-the-design-of-car-audio-systems-80581 enable-digitalization-at-abb-traction-motors/
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ADD-ON PRODUCTS

The COMSOL"
S Oftwa re MULTIPURPOSE
P rO d u Ct S u | te STRUCTURAL & ACOUSTICS SHimeangitsds
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CFD Module LiveLink™ for Inventor®
Mixer Module CHEMICAL LiveLink™ for AutoCAD®
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DEPLOYMENT PRODUCTS Distribute simulation Subsurface Flow Module Electrodeposition Module LiveLink™ for PTC® Pro/ENGINEER®
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m COMSOL Compiler™ COMSOL Muktiphysics. Molecular Flow Module Electrochemistry Module File Import for CATIA® V5
m COMSOL Server™ Metal Processing Module
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W0 COMSOL




Model-Based Design vs. Digital Twins
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Digital

Twins



Digital Twins
baterie hybridniho
auta

= KliCovy komponent (jak z
hlediska bezpecnosti lidi, tak
ceny vozu).

= Meérena data: provoz, teplota,
nabiti, odpor, polarizace (I vs.
U).

= Digital Twins: zhodnoceni stavu
jednotlivych €lankld a nastaveni
fizeni vozu.

= RU{zné urovné slozitosti

— rychlé odlehCené modely:
1D nebo ,model order
reduction”

— pomalé detailni modely:

,Cloud computing®...
" COMSOoL

Battery pack Measured
and reported

data

—
Control
parameters
and reports
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Model vodou chlazené baterie. Proudéni a prestup tepla jsou pocitany ve 3D

detailnim modelu. 1D model baterie slouzi k

vypoctu generovaného tepla.



The COMSOL"

Software

Product Suite

3. Optimalizace

SOHNMSOL_
MU TIPHYSICS®

DEPLOYMENT PRODUCTS

m COMSOL Compiler™
m COMSOL Server™

W0 COMSOL

The platform product.
Understand, predict,
and optimize physics-
based designs and
processes with
numerical simulation.

Distribute simulation
applications created with
COMSOL Multiphysics.

ADD-ON PRODUCTS

ELECTROMAGNETICS
AC/DC Module
RF Module
Wave Optics Module
Ray Optics Module
Plasma Module

Semiconductor Module

FLUID & HEAT

CFD Module

Mixer Module
Microfluidics Module
Porous Media Flow Module
Subsurface Flow Module
Pipe Flow Module
Molecular Flow Module
Metal Processing Module

Heat Transfer Module

STRUCTURAL & ACOUSTICS

Structural Mechanics Module
Nonlinear Structural Materials Module
Composite Materials Module
Geomechanics Module
Fatigue Module
Rotordynamics Module

Multibody Dynamics Module

MEMS Module

Acoustics Module

CHEMICAL

Chemical Reaction Engineering Module
Batteries & Fuel Cells Module
Electrodeposition Module

Corrosion Module

Electrochemistry Module

MULTIPURPOSE

= Optimization Module
Material Library
Particle Tracing Module

INTERFACING

= LiveLink™ for MATLAB®
LiveLink™ for Excel®
CAD Import Module
Design Module
ECAD Import Module
LiveLink™ for SOLIDWORKS®
LiveLink™ for Inventor®
LiveLink™ for AutoCAD®
LiveLink™ for Revit®
LiveLink™ for PTC® Creo® Parametric™
LiveLink™ for PTC® Pro/ENGINEER®
LiveLink™ for Solid Edge®
File Import for CATIA® V5



Optimalizace

*  Primitivné: ru¢ni hledani optima v
parametrickych studiich.

=  Sofistikované: vypocet optimalnich
hodnot parametrt pro zadana
Kritéria.

— Napf. minimalni hmotnost

— Napf. maximalni tuhost

= OptimalizacCni algoritmy pfimo v
COMSOL Multiphysics®:
— rozmérova (parametricka)

— tvarova (parametricka)

— topologicka
. . . . Vstupem do optimalizace je zastavitelny prostor (,,Design space*),
" Optlmallzacnl algorltmy \' zatiZeni, okrajové podminky a cilova funkce. Algoritmus hleda tvar
MATLAB®. optimalni konstrukce.

wmCOMSOL




Parametric Optimum Topological Optimum

\\ 'ﬂ

Optimalizace

*  Primitivni: ruéni hledani optima v
parametrickych studiich.

=  Sofistikovana: vypocet optimalnich
hodnot parametrt pro zadana
Kritéria.
— Napf. minimalni hmotnost
— Napf. maximalni tuhost
= OptimalizacCni algoritmy pfimo v
COMSOL Multiphysics®:
— rozmérova (parametricka)

— tvarova (parametricka)

— topologicka
- Optim alizaéni al goritmy v Optimalizace parametricka vs. topologicka. Ne vZdy je optimalni
navrh ,realizovatelny“. Zde chladié¢ vytistén na 3D tiskarné.
MATLAB®.

wmCOMSOL




y *

-~

'COMSOL

the

Multiphysics Simulation
event of the year

Save the Date!

at WTC Grenoble Convention Center




