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Vsebina:

Uvod: Namen predmeta in njegove
zahteve. Kratka zgodovina racunskih
metod za izracun toka tekocCine. Sodobni
primeri uporabe.

Matematicni opis fizikalnih pojavov,
povezanih s tokom tekocine in
pripadajoce parcialne diferencialne
enacbe (PDE). Predpostavke in fizikalne
omejitve Navier-Stokesove (NS) enacbe.
Tipi PDE in metoda karakteristik; narava
koordinat.

Diskretizacijske metode: metoda
konc¢nih razlik in metoda konc¢nih
volumnov. Primerjava z drugimi
metodami diskretizacije. Casovna
diskretizacija: implicitne in eksplicitne
metode. Omejitve numericnega
resevanja PDE: red natancnosti,
zaokrozitvena napaka, konvergenca,
numericna stabilnost (von Neumannova
analiza stabilnosti), numericna difuzija
in disperzija. Implementacija robnih in
zacCetnih pogojev.

Geometrijski problemi diskretizacije;
razlicni tipi racunskih mrez:
strukturirane in nestrukturirane mreze.

ReSevanje NS enacbe: sklopitev tlacnega
in hitrostnega polja. Premaknjene in
nepremaknjene (kolocirane) racunske
mreze. Razlike pri obravnavi nestisljive
in stisljive tekocine.

Modelirenje turbulence: izvedljivost
direktne numericne simulacije (DNS).
Reynoldsovo povprecevanje in

Predavanja/Lectures:

Anglescina, Slovenscina

Anglescina, Slovenscina

Prerequisites:

General prerequisites for the third level
studies.

Content (Syllabus outline):

Introduction: Objectives of the course
and requirements. Brief history of
computational methods for fluid flow
simulations. Examples of CFD cases of
today.

Mathematical description of physical
phenomena related to fluid flow with
corresponding partial differential
equations (PDE). Assumptions and
limitations of the Navier-Stokes (NS)
equation. The classification of PDE, the
method of characteristics; the nature of
coordinates.

Discretization methods. The finite
difference and the finite volume
methods; comparison with other
discretization methods. Discretization of
time: implicit and explicit methods.
Limitations of discretization: order of
accuracy, round-off error, convergence,
numerical stability (von Neumann
analysis), numerical diffusion and
dispersion. The implementation of
boundary and initial conditions.

Geometrical problems of discretization.
Different types of computational grids:
structured and unstructured grids.

Solving the NS equation: coupling of
pressure and velocity field. Staggered
and collocated grids. Differences when
dealing with compressible and
incompressible fluid.

Modelling the turbulence: feasibility of
the direct numerical simulation (DNS).



Reynoldsov napetostni tenzor.
Modeliranje turbulentne viskoznosti
(Bousinesqov priblizek). Algebrajski,
enoenacbni in dvoenacbni modeli. Model
k-e. Robni pogoji pri turbulentnih
modelih, ki sledijo iz teorije robne plasti.
Turbulentni modeli za niZje vrednosti
Reynoldsovega Stevila. Principi bolj
naprednih modelov (npr. RSM in LES).

Validacija in verifikacija izracunanih
rezultatov.

Predlogi in pogovor o seminarskih
nalogah, ki jih bodo izdelali slusatelji.

Temeljna literatura in viri/Readings:

Reynolds averaging and Reynolds stress
tensor. Modelling of eddy viscosity
(Boussinesq approximation). Algebraic,
one-equation and two-equation models.
The k-€¢ model. Boundary conditions for
turbulent models based on the boundary
layer theory. Low Reynolds number
(LRN) models. Principles of more
advanced turbulent models (e.g. RSM
and LES).

Validation and verification of calculated
results.

Discussion of student’s individual work.
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Dostopno na spletu na DiKUL.

Cilji in kompetence:

Cilji:

Studentu prikazati princip delovanja
racunalniskih programov za simulacijo
toka tekocine (kapljevin, in plinov) in
spremljajocih transportnih pojavov,
opisanih s parcialnimi diferencialnimi
enacbami (PDE). Student naj pozna
razlicne nacine diskretizacije PDE s
poudarkom na metodi koncnih
volumnov, ki prevaladuje v trenutno
razsSirjenih (komercialnih) programih.
Razumeti mora probleme diskretizacije:
konsistentnost, stabilnost, konvergenco,
red natancnosti, numericno difuzijo in
disperzijo. Spozna specifiko resevanja
Navier-Stoksove enacbe in probleme

Objectives and competences:
Goals:

The course should show the basic
principles of the computer codes for the
simulation of fluid flow (liquids, and
gases) accompanied by different
transport phenomena, described wit the
corresponding partial differential
equations (PDE). Students should be
familiar with different methods of PDE
discretization; the emphasis is on the
finite volume method which prevails in
popular (commercial) CFD codes. An
aim is the understanding of the
problems of discretization: consistency,
stability, convergence, order of
discretization, numerical diffusion and



povezane z modeliranjem turbulentnega
toka. Sposoben naj bo izbrati
obravnavanemu fizikalnemu problemu
ustrezen model in verificirati izracunane
rezultate.

Kompetence:

Pridobljeno razumevanje delovanja
racunalniskih programov za simulacijo
toka tekoc¢ine omogoca smiselno
uporabo le-teh in kriticno ovrednotenje
izraCunanih rezultatov.

Predvideni Studijski rezultati:

Pridobljeno razumevanje delovanja
racunalniskih programov za simulacijo
toka tekoc¢ine omogoca smiselno
uporabo le-teh in kriti¢no ovrednotenje
izraCunanih rezultatov.

Metode poucevanja in ucenja:

Predavanja, laboratorijske vaje,
seminarsko delo, e-izobrazevanje,
konzultacije. Seminarsko delo v ¢im vecji
meri navezujoce se na podrocje
doktorskega raziskovanja. Studij z
uporabo priporocene literature.

Nacini ocenjevanja:

Ustni izpit, porocilo o
seminarskem delu. Pogoj
za opravljanje ustnega
izpita je uspesno izdelano
in pozitivno ocenjeno
seminarsko delo. Nacin
(ustno izpraSevanje,

projekt): ¢ projekt
(seminarska naloga)
(70%) » ustno

izprasevanje (30%)

Delez/Weight

dispersion. Students should be aware of
the particularities when solving the
Navier-Stokes equation and the
problems of modelling turbulent flow.
They should be capable to select the
relevant model for the considered
physical problem and also to verify the
obtained results.

Competences:

A participant acquires understanding of
the basic principles of CFD codes.
Therefore she/he should be capable to
efficiently use such codes as well as
critical assessment of the calculated
results.

Intended learning outcomes:

A participant acquires understanding of
the basic principles of CFD codes.
Therefore she/he should be capable to
efficiently use such codes as well as
critical assessment of the calculated
results.

Learning and teaching methods:

Lectures, laboratory practice & seminar
work, e-education, consulting. The
seminar work is related, as much as
possible, to the student's doctoral
research field. Study on a recommended
literature basis.

Assessment:

Oral exam, report on
seminar work. The
condition for admission to
oral exam is successful
completion of seminar
work, rewarded with a
passing grade. Method
(oral examination,

project): * project
(seminar assignment)
(70%) oral



examination (30%)

Ocenjevalna lestvica: Grading system:
5 - 10, pri cemer velja, da je pozitivna 5-10, a student passes the exam if he is
ocena od 6 - 10 graded from 6 to 10
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