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Science and Technology, Step-by-step: Heat-transfer and diluted species transport
Laboratory of Organic Electronics
14:00-14:45 Jacob Ystrom
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Modeliranje realnih kompleksnih fizikalnih sustava

KEY EQUATIONS OF
PHYSICS

Classical Mechanics
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Primijetimo:

* Svako podrucje opisano jednadzbama

e Zajednostavne probleme moguce
analiticko rjesenje

Kompleksni problemi:
e viSe podrucja (multi-fizika)
* realne geometrije i materijali
e problemi optimizacije



Zasto numericko modeliranje?

* Vecina kompleksnijih problema nije rjesiva analiticki
* Intuiciji ne mozemo vjerovati za kompleksnije probleme

Numericko racunalno modeliranje nudi
* RjesSenja proizvoljne geometrije
* Egzaktna rjesenja
 Mogucnost automatizirane optimizacije




Numericko modeliranje

Konceptualno jasno — slozena primjena

Poteskoce — prvi koraci su zahtjevni!
* Potrebno ekstenzivno tehnicko znanje
* Programiranje
* Numericke metode
* Optimizacija
* Kako postaviti problem?
* Potrebna jaka racunala




Numericko modeliranje

Najcesce koristene metode za numericko rjesavanje PDE: d s
Weky Thoreee
 Metoda konacnih razlika (FDM) e Partial Differential
29 Ra;narv;ﬁ:tlm Equations
e Metoda konacnih elemenata (FEM) Sl TEXTS IN APPLIED MATHEMATICS with Numerical
L f Partial Diff 78N Introduction to Methods
 Metoda konacnih volumena (FVM) Partial Differential
o Equations
* Metoda granicnih elemenata (BEM) A Computational
Approach B

FDM

« starija i jednostavnija metoda,

« zahtjeva manje raCunalne snage
* manje precizna

a Springer

FEM

e preciznija metoda

« zahtjeva snaznija raCunala

« osjetljivija na kvalitetu mreze

« opcenito prihvacena u industriji (strojarstvo, akustika,
gradevina, dinamika fluida, hidraulika, toplina...)



Metoda konachih elemenata

Zakoni fizike u prostoru i vremenu - parcijalne diferencijalne jednadzbe
* za kompleksne probleme — nisu rjesive analiticki

Metoda konacnih elemenata
* PDE se aproksimiraju svojom slabom formulacijom

Weak formulations are important tools for the analysis of mathematical
equations that permit the transfer of concepts of linear algebra to solve
problems in other fields such as partial differential equations. In a weak
formulation, an equation is no longer required to hold absolutely (and this is
not even well defined) and has instead weak solutions only with respect to
certain "test vectors" or "test functions” (Wikipedia)

* Testne funkcije se zadaju na geometriji definiranoj mrezom -> diskretizacija
* Rjesenja su aproksimacije pocetnih PDE



Metoda konacnih elemenata — slaba formulacija
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,The main idea of the weak form is to turn the differential equation into an integral equation, so as to lessen the
burden on the numerical algorithm in evaluating derivatives.”
Numericki je jednostavnije rjesavati diskretne integralne jednadzbe

https://www.comsol.com/blogs/brief-introduction-weak-form/



Metoda konacnih elemenata - diskretizacija

2D Elements
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* Funkcije baze (testne funkcije) definirane su izmedu tocaka (node)
mreze geometrije (1D, 2D, 3D)

e Obicni linearna i kvadrati¢na diskretizacija (koriste se i visSi redovi)
* Visi redovi aproksimacije smanjuju potreban broj elemenata
mreze, no izracun je sporiji

w Discretization

Shape function type:

[L,agrange =

Element order:

Quadratic -

Linear

Cubic
Quartic
Quintic
Sextic
Septic




Jednostavno numericko modeliranje?

List of finite element software packages

s 3 list of softviare packages that implement the finte element method for sahving parial difer

* Mnostvo softverskih paketa

Software . Features . Developer . Varsion +| Released & License .
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* bez programiranja = =
* ali uz mogucnost programiranja
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geometrija
* importiranje 3D
geometrija




COMSOL Multiphysics®

Electromagnetics Structural Acoustics Optimization

.\

MATLAB®, Excel®,

Chemical and CAD integration




The COMSOL"

Software

Product Suite
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EOOMSOL
EWIENPHYSICS®

DEPLOYMENT PRODUCTS

m COMSOL Compiler™
m COMSOL Server™

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
Polymer Flow 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

Battery Design Module

Fuel Cell & Electrolyzer Module
Electrodeposition Module
Corrosion Module

Electrochemistry Module

~35,000.00 HRK (Comsol bgse+AC/DC+Wave optics)

Y COMSOL

R Hrzz

Croatian Science
Foundation

MULTIPURPOSE

Optimization Module

Material Library

Particle Tracing Module

Liquid & Gas Properties Module

INTERFACING

LiveLink™ for MATLAB®

LiveLink™ for Simulink®

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



COMSOL Multiphysics 5.6

* Integrirani softverski paket za numeticko (multi)fizikalno modeliranje
modelom konacnih elemenata

Uvod u COMSOL (knjiga)

e https://cdn.comsol.com/doc/5.6/IntroductionToCOMSOLMultiphysics.pdf
Web dokumentacija

e https://www.comsol.com/documentation
Galerija primjena

e https://www.comsol.com/models
Centar za ucenje

e https://www.comsol.com/learning-center
Forum

e https://www.comsol.com/forum
Novosti iz COMSOL-a

e https://www.comsol.com/blogs



https://www.comsol.com/documentation
https://www.comsol.com/models
https://www.comsol.com/learning-center
https://www.comsol.com/forum
https://www.comsol.com/blogs
https://cdn.comsol.com/doc/5.6/IntroductionToCOMSOLMultiphysics.pdf

COMSOL Multiphysics 5.6

3
AC/DC Module User Guide
*  https://doc.comsol.com/5.6/doc/com.comsol.help.acdc/ACDCModuleUsersGuide.pdf
AC/DC Module
Wave Optics Module User Guide
*  https://doc.comsol.com/5.6/doc/com.comsol.help.woptics/WaveOpticsModuleUsersGuide.pdf
) T -

W COMSOL

Wave Optics Module §

-

W COMSOL


https://doc.comsol.com/5.6/doc/com.comsol.help.acdc/ACDCModuleUsersGuide.pdf
https://doc.comsol.com/5.6/doc/com.comsol.help.woptics/WaveOpticsModuleUsersGuide.pdf

COMSOL Desktop®

QUICK ACCESS TOOLBAR — Use these
buttons for access to functionality such as file

RIBBON — The ribbon tabs have buttons
and drop-down lists for controlling all

open/save, undo/redo, copy/paste, and delete. steps of the modeling process.
APPLICATION BUILDER — |
Click this button to switchto  * Dw U@ » t o “IRER.
the Application Builder and - Home = Defeitions  Geometry  Materals  Physics  Mesh  Study  Bewis  Defeleper
2 B o e Vaviables - [ impa s % -
start building an application A (] @ PE e L ,.,.,..:.. . W . % WA =
based on your model. ———————— spgiicaton  Comganem  Ads Farameters Buld Add | HestTwster Add  Buld Mesh  Compute
1+ Comganent » - an Materst  InSobds - Physcs  Mesh 1+
Mede of Graphics
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P Parmeten | Labeh  Geometry | =
(i Matenaly
+ (@ Composent 1 fcomp ) v Unis
= Definbam ] Senle vabums whan changng wnies
» A Geometry 1 Langth un:
MODEL TREE — The model ——— & Matenais
. 4 | Haat Transter in Soichs (RO - 2
tree gives an overview of @ sed 1 Angubar urst:
the model and all of the —pemlemd SO B :
functionality and operations . :"“""‘ v Advanced
needed for building and solving 177 Step Y\ Sationary Gaamatry repeusartation.
b Rewiny CAD bemet B
Dt aurt rwpons velvrance
Automanc 5
) Automanx rebuid
MODEL BUILDER — SETTINGS WINDOW :
The Model Builder window  Click any node in the model L% U
with its model tree and the  tree to see its associated
lated toolbar b Settings window displayed next
gives you an overview of the  to the Model Builder. Meissgrs - Progress Log  Table
model. The modeling process \
can be controlled from
context-sensitive menus

Interaktivni primjeri =>>

GRAPHICS WINDOW TOOLBAR

Urtitied.mph - COMSOL Multipiryscs
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Compute Study  Add AddPiot  Windows  Reset
T Study Group = v Desktop =
Shudy Results Layout
Cr @ @-@-EE «2E- 3- FNec@@ T 8-/ 0-a8

GRAPHICS WINDOW — The Graphics window presents
interactive graphics for the Geometry, Mesh, and Results nodes.
Operations include rotating, panning, zooming, and selecting.

INFORMATION W INDOWS — The Information windows will display vital
model information during the simulation, such as the sol time,
progress, mesh statistics, solver logs, and, when available, results ables.
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