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Vsebina:

Uvod v numeri¢no modeliranje
- Opredelitev fizikalnega,
matematicnega in numeri¢nega modela,
znacilnosti modelov, prostostne stopnje
2. Eksaktno resevanje robnega
problema
- Robni pogoji in pogoji konsistentnega
prehoda
- Resevanje kontinualnih sistemov,
primer osno obremenjenega
konstrukcijskega elementa
3. Aproksimativno reSevanje
- Funkcijski in interpolacijski pristop
- Transformacija diferencialnih zvez v
diferen¢ne
4. Metoda konc¢nih razlik
- Izpolnjevanje diferencialne enacbe
- Izpolnjevanje robnih pogojev
- Izpolnjevanje pogojev konsistentnega
prehoda na meji med podobmocdji
- Resevanje primerov in analiza
rezultatov
5. Integralska variacijska formulacija
- Osnovna oblika integralske
formulacije
- Sibka oblika integralske formulacije
- Inverzna oblika integralske
formulacije
6. Metoda koncénih elementov - 1.del
- Aproksimacija primarne
spremenljivke
- Izpeljava enacbe konc¢nega elementa
7. Metoda koncnih elementov - 2.del
- Izpolnjevanje robnih pogojev

Meeting the enrollment conditions for
the Academic study programme of
Mechanical Engineering - Research and
Development program.

Content (Syllabus outline):

Introduction to numerical modelling

- Definition of physical, mathematical
and numerical model, characteristics,
DOF

2. Exact solving the boundary problem
- Boundary and internal domain
conditions

- Solution of continuous systems - case
of axially loaded structural element

3. Approximate solving

- Functional and interpolation
approach

- Transformation of differential
equations into difference ones

4. Finite difference method

- Fulfillment of differential equation

- Fulfillment of boundary conditions

- Fulfillment of conditions on the
boundary between subdomains

- Case studies and analyzing the
results

5. Variational formulation by integral
equation

- Basic integral formulation

- Weak integral formulation

- Inverse integral formulation

6. Finite element method - 1st part

- Approximation of the primary
variable

- Derivation of the finite element
equation

7. Finite element method - 2nd part
- Fulfillment of boundary conditions

- Fulfillment of conditions on the



- Izpolnjevanje pogojev konsistentnega
prehoda

- Resevanje primerov in analiza
rezultatov

8. Metoda robnih elementov

- Aproksimacija primarne
spremenljivke

- Izpeljava enacbe robnega elementa
- Izpolnjevanje robnih pogojev

- Izpolnjevanje pogojev konsistentnega
prehoda

- Resevanje primerov in analiza
rezultatov

9. Metoda kon¢nih volumnov

- Matematicni model 1D toka tekocine
- Integralska formulacija

- Izplejava enacbe za koncni volumen
- Izpolnjevanje robnih pogojev

- Izpolnjevanje pogojev konsistentnega
prehoda

- Resevanje primerov in analiza
rezultatov

10. Vplivi na natan¢nost numeric¢ne
resitve

- Metoda konc¢nih razlik

- Metoda konc¢nih elementov

-  Metoda koncnih volumnov

- Resevanje primerov in analiza
rezultatov

11. ReSevanje ¢asovno odvisnih
problemov

- Matematic¢ni model 1D prevoda
toplote

- Implicitna ¢asovna shema

- Eksplicitna ¢asovna shema

- Stabilnost numeri¢nega izracuna
12. ResSevanje problemov z vec
primarnimi spremenljivkami - 1.del

- Izpeljava vodilne enacbe

- Izpolnjevanje robnih pogojev

- Izpolnjevanje pogojev konsistentnega
prehoda

- Uporaba metode koncnih razlik

- ResSevanje primerov in analiza
rezultatov

13. ResSevanje problemov z vec
primarnimi spremenljivkami - 2.del

- Uporaba metode konc¢nih elementov
- Primerjava razli¢nih tipov konc¢nih
elementov

- Uporaba metode kon¢nih volumnov

boundary between subdomains

- Case studies and analyzing the
results

8. Boundary element method

- Approximation of the primary
variable

- Derivation of the boundary element
equation

- Fulfillment of boundary conditions
- Fulfillment of conditions on the
boundary between subdomains

- Case studies and analyzing the
results

9. Finite volume method

- Mathematical model of 1D fluid flow
- Integral formulation

- Derivation of the finite volume
element equation

- Fulfillment of boundary conditions
- Fulfillment of conditions on the
boundary between subdomains

- Case studies and analyzing the
results

10. Influence on accuracy of the
numerical solution

- Finite difference method

- Finite element method

- Finite volume method

- Case studies and analyzing the
results

11. Time-dependent problems

- Mathematical model of 1D heat
transfer

- Implicit time integration scheme

- Explicit time integration scheme

- Stability in the numerical
computation

12. Problems with multiple primary
variables - 1st part

- Derivation of the main equation

- Fulfillment of boundary conditions
- Fulfillment of conditions on the
boundary between subdomains

- Use of finite difference method

- Case studies and analyzing the
results

13. Problems with multiple primary
variables - 2nd part

- Use of the finite element method

- Comparison between different finite
elements



- Resevanje primerov in analiza
rezultatov

14. Resevanje 2D problemov - 1.del
- Uporaba metode koncnih razlik

- Izpeljava shem za aproksimacijo
odvodov

- IzboljSava reSitve ob robovih obmocja
15. ResSevanje 2D problemov - 2.del

- Uporaba metode kon¢nih elementov
- Uporaba metode kon¢nih volumnov
- ReSevanje primerov in analiza
rezultatov

Temeljna literatura in viri/Readings:

- Use of finite volume method

- Case studies and analyzing the
results

14. Solving 2D problems - 1st part

- Use of the finite difference method
- Derivation of different approximation
scheme for derivatives

- Improvement the solution along the
edges of the domain

15. Solving 2D problems - 2nd part

- Use of the finite element method

- Use of the finite volume method

- Case studies and analyzing the
results

1. S.S.Rao: The Finite Element Method in Engineering, Elsevier, sixth ed., 2018

2. S. Mazumder: Numerical Methods for Partial Differential Equations - Finite
Difference and Finite Volume Methods, Elsevier, 2016

3. R. Khoury, D.W. Harder: Numerical Methods and Modelling for Engineering,

Springer, 2016

Cilji in kompetence:

Cilji:

1. Spoznati teoreti¢no ozadje
numeric¢nih metod, ki se uporabljajo
pri numericnem modeliranju
fizikalnih problemov

2. Pridobiti znanje o prednostih in
slabostih metod numeri¢nega
modeliranja posameznih problemov

3. Spoznati vplive na natancnost
numericne resitve

Kompetence:

1. Izbira ustrezne numeri¢ne metode pri
numericnem modeliranju inzenirskih
problemov (S6-RRP + P3-RRP + P4-
RRP)

2. Sposobnost priprave numericnega
modela (S1-RRP + P3-RRP + P4-RRP)

3. Analiza rezultatov upostevajoc
specifiko uporabljene numericne
metode (S6-RRP + P4-RRP)

Objectives and competences:
Goals:

1. Understand the theoretical
background of numerical methods
used in numerical modeling of
physical problems

2. To acquire knowledge about the
advantages and disadvantages of
numerical modeling methods for
individual problems

3. To know the influence on the
accuracy of the numerical solution

Competences:

1. Selection of appropriate numerical
method for numerical modeling of
engineering problems (S6-RRP + P3-
RRP + P4-RRP)

2. The ability to prepare a numerical
model (S1-RRP + P3-RRP + P4-RRP)

3. Analysis of results taking into
account the specifics of the used
numerical method (S6-RRP + P4-
RRP)



Predvideni Studijski rezultati:
Znanja:

Poglobljeno teoreti¢no in prakti¢no
znanje o numeric¢nih metodah in njihovi
uporabi pri numeriénem modeliranju
inzenirskih problemov.

Spretnosti:

1. S2: Uc¢inkovito numeri¢no
modeliranje inzenirskih problemov s
pravo izbiro numeri¢ne metode

2. S1.4: Analiza rezultatov numeri¢nega
resevanja upostevajo¢ specifiko
posamezne numeri¢ne metode

Metode poucevanja in ucenja:

P1 Avditorna predavanja z reSevanjem
izbranih - za podrocje znacilnih -
teoreti¢nih in prakticno uporabnih
primerov

P2 Obravnava snovi po urejeni in
vnaprej razlozeni sistematiki

P5 Uporaba Studijskega gradiva v obliki
PPT prosojnic, ki jih student za
posamezno predavanje dobi pred
predavanjem

P7 Studij literature in razprava
P10 Uporaba anket v realnem casu

P15 Uporaba video vsebin kot priprava
na predavanja in vaje

Intended learning outcomes:
Knowledge:

In-depth theoretical and practical
knowledge of numerical methods and
their application in numerical modeling
of engineering problems.

Skills:

1. S2: Effective numerical modeling of
engineering problems with the
optimal choice of numerical method

2. S1.4: Analysis of the results of
numerical solving taking into account
the specifics of each numerical
method

Learning and teaching methods:

P1 Lectures with solving selected typical
and theoretical examples

P2 Study content is discussed according
to an orderly and pre-explained
systematics

P5 Use of study material in the form of
PPT slides, which the student receives
for each lecture before the lecture

P7 Literature studies and discussion
P10 Use real-time surveys

P15 Using video content as a
preparation for lectures and tutorials

Nacini ocenjevanja: Delez/ Assessment:
Weight

TeoretiCne vsebine 50,00 %  Theory

Prakti¢ne vsebine 30,00 % Practical work

Samostojno delo 20,00 % Coursework
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