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Predavanje: Uvod in fenomenoloska razlaga

procesa zgorevanja:

*  Umestitev zgorevanja v energijske procese
in podro¢ja uporabe;

*  Predstavitev negativnih vplivov klasicnega
zgorevanja na okolje;

*  Predstavitev realnih pristopov za
minimiranje/iznicenje negativnih vplivov
zgorevanja na okolje z uporabo
inovativnih goriv in naprednih procesov
zgorevanja;

*  Fenomenoloska razlaga procesa
zgorevanja z vpeljavo osnovnih pojmov in
pojavov.

Predavanje: Termodinamika procesa

zgorevanja:

e Stehiometricne enacbe;

* Standardne tvorbene entalpije;

*  Ravnotezni kriteriji termodinamskih
spremenljivk;

* RavnoteZje mesanice plina — kemijski
potencial;

* Adiabatna temperatura plamena.

Predavanje: Kinetika zgorevanja in reakcijski

mehanizmi:

*  Hitrost reakcij in red reakcij;

* Elementarne reakcije;

*  Temperaturna in tlacna odvisnost hitrosti
reakcij;

*  Znacilnosti reakcijskih mehanizmov;

*  Analiza reakcijskih mehanizmov.

Predavanje: Transportni pojavi pri zgorevanju

in vzig zmest:

* Interakcija reakcij zgorevanja in dinamike
tekocin;

*  Diagrami razlicnih rezimov turbulentnega
zgorevanja homogene zmesi;

*  Stabilnost plamena;

*  Vzig zmesi.

Predavanje: Laminarno zgorevanje:

* Laminarno zgorevanje homogene zmesi;

* Laminarno difuzijsko zgorevanje.

Predavanje: Turbulentno zgorevanje:

*  Turbulentno zgorevanje homogene zmesi;

*  Turbulentno difuzijsko zgorevanje.

Predavanje: Tvorba plinskih onesnazil:

* Klasifikacija plinskih onesnazil;

* Kinetika nastanka plinskih onesnazil;

*  Vpliv lastnosti goriv na plinska onesnazila;

*  DPristopi za radikalno znizanje izpustov
plinskih onesnazil.

Predavanje: Tvorba delcev:

Lecture: Introduction and phenomenological

explanation of the combustion process:

* Positioning of combustion in energy
processes and applications;

*  Presentation of negative impacts of
conventional combustion on the
environment;

*  Presentation of realistic approaches to
minimize/eliminate the negative impacts
of combustion using innovative fuels and
advanced combustion processes,

*  Phenomenological explanation of the
combustion process with the introduction
of basic concepts and phenomena.

Lecture: Thermodynamics of combustion

process:

*  Stoichiometric equations;

*  Standard enthalpies of formation;

*  Equilibrium criteria of thermodynamic
variables;

*  Gas mixture balance - chemical potential;

* Adiabatic flame temperature.

Lecture: Combustion kinetics and reaction

mechanisms:

*  Reaction rate and reaction order;

¢ Elemental reactions;

*  Dependence of reaction rates —
temperature, pressure

¢ Characteristics of reaction mechanisms;

*  Analysis of reaction mechanisms.

Lecture: Transport phenomena in combustion

and ignition process of the mixture:

* Interaction of combustion reactions and
fluid dynamics;

*  Modes of turbulent combustion in
homogeneous mixture;

*  Flame stability;

* Ignition of the mixture.

Lecture: Laminar combustion:

*  Laminar premixed combustion

* Laminar nonpremixed combustion

Lecture: Turbulent combustion:

*  Turbulent combustion of a homogeneous
mixture;

*  Turbulent diffusion combustion.

Lecture: Formation of gaseous pollutants:

*  Classification of gaseous pollutants;

* Kinetics of gaseous pollutants;

* Influence of fuel properties on formation
of pollutants;

*  Approaches for radical reduction of gas
pollutants emissions.



¢ Kinetika nastanka delcev;

*  Vpliv lastnosti goriv na tvorbo delcev;

*  Pristopi za radikalno znizanje izpustov
delcev.

9. Predavanje: Znizanje koncentracije onesnazil z
naknadno obdelavo produktov zgorevanja in
diagnostiko procesa zgorevanja:

*  Ustrezna izbira metod za naknadno
obdelavo produktov zgorevanja z ozirom
na sestavo in temperaturo produktov
zgorevanja;

*  Eksperimentalne metode za diagnostiko
procesa zgorevanja.

10. Predavanje: Napredni nizkotemperaturni
procesi zgorevanja:

*  Prednosti nizkotemperaturnih procesov
zgorevanja;

*  Pogoji za nizkotemperaturno zgorevanje;

*  Brezplamensko zgorevanje;

*  Pogoji za doseganje ultra nizkih izpustov
onesnazil.

11. Predavanje: Modeliranje naprednih procesov
zgorevanja:

*  Reakcijski mehanizmi, obcutljivost reakcij,
$tevilo upostevanih komponent;

*  Uporaba nadomestnih komponent;

*  Zgorevanje v laminarnem in turbulentnem
toku;

*  Pristopi za zmanjsevanje racunske
zahtevnosti modelov.

12. Predavanje: Zgorevanje kapljevitih in trdnih
goriv ter alternativnih goriv:

*  Piroliza, devolatilizacija, termi¢ni razpad,
povrsinske reakcije zgorevanja

*  Mehanizmi razpada curka, izparevanje,
povezava s kemijsko-fizikalnimi lastnostmi
goriv

Integracija pridobljenih znanj za snovanje in

implementacijo naprednih procesov zgorevanja, ki

bodo omogocili visoke izkoristke in nizke izpuste

onesnazil v:

13. Predavanje: Stacionarnih kuriscih
14. Predavanje: Turbinskih motorjih

15. Predavanje: Napredni procesi zgorevanja v
batnih motorjih

Temeljna literatura in viri/Readings:

8. Lecture: Formation of particles:
¢ Particle formation kinetics;

»  Effect of fuel properties on particle
formation;

*  Approaches for radical reduction of
particle emissions.

9. Lecture: Reduction of pollutant emissions by
post-treatment of combustion products and
diagnostics of the combustion process:

*  Selection of methods for subsequent
treatment of combustion products with
respect to the composition and
temperature;

*  Experimental methods for diagnostics of
combustion process.

10. Lecture: Advanced low temperature
combustion processes:

*  Advantages of low temperature
combustion processes;

*  Prerequisites for low temperature
combustion;

*  Flameless combustion;

*  Prerequisites for achieving ultra-low
pollutant emissions.

11. Lecture: Modelling of advanced combustion
processes:

*  Reaction mechanisms, sensitivity of
reactions, number of components
considered;

*  Use of fuel surrogates;

¢ Combustion in laminar and turbulent flow;

*  Approaches to reduce the computational
complexity of models.

12. Lecture: Combustion of liquid, solid and
alternative fuels:

*  Pyrolysis, devolatilization, thermal
decomposition, surface combustion
reactions

*  Mechanisms of spray formation,
evaporation and correlation with chemical
and physical properties of fuels

Transfer of acquired knowledge to design and to

implement advanced combustion processes with

the objective to achieve high efficiency and low
emissions in:

13. Lecture: Stationary furnaces
14. Lecture: Turbine Engines

15. Lecture: Advanced Combustion Processes in
Piston Engines



—_
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Cilji in kompetence:

Cilji:

1. Razumeti teoreticne osnove procesov
zgorevanja.

2. Razumeti reakcijske mehanizme in kinetiko
zgorevanja.

3. Razumeti mehanizme tvorbe onesnazil.

4. Razumeti delovanje sistemov za naknadno
obdelavo produktov zgorevanja.

5. Razumeti pristope za modeliranje naprednih
procesov zgorevanja in znati uprabljati
ustrezna napredna simulacijska orodja.

6. Razumeti pristope za razvoj naprednih-okolju
prijaznejsih procesov zgorevanja.

Kompetence:

1. S2-MAG, P2-MAG: Obvladovanje temeljnih
teoreti¢nih in aplikativnih znanj naprednih
procesov zgorevanja

2. S8-MAG: Sposobnost kriti¢ne presoje
ustreznih zasnov procesov zgorevanja z
ozirom na omejitve izpustov onesnazil

3. P2-MAG: Sposobnost razmevanja interakcije
relevantnih mehanizmov procesa zgorevanja in
sistema, v katerem poteka proces

4. P4-MAG: Sposobnost fizikalnega,
matematicnega in numericnega modeliranja
problemov na podrocju naprednih procesov
zgorevanja

Predvideni $tudijski rezultati:

Znanja:

Z.1: Poglobljeno teoreti¢no, metodolosko in
analiti¢no znanje z elementi raziskovanja, ki je
osnova za znanstveno in strokovno delo na
podro¢ju razvoja, snovanja in diagnostike sistemov,

ki temeljijo na zgorevanju.

Spretnosti:

Obijectives and competences:

Objectives:

1. Understand the theoretical foundations of
combustion processes.

2. Understand reaction mechanisms and kinetics
of combustion.

3. Understand the mechanisms of pollutant
formation.

4. Understand the operation of after-treatment
systems of flue gas.

5. Understand approaches to model advanced
combustion processes and the use of advanced
simulation tools.

6. Understand approaches to develop
environmentally friendly combustion
processes.

Competencies:

1. S2-MAG, P2-MAG: Mastering the basic
theoretical and applied knowledge of advanced
combustion processes

2. S8-MAG: Ability to critically evaluate
appropriate combustion process designs with
respect to pollutant emission limits

3. P2-MAG: Ability to comprehend the
interaction of the relevant combustion process
mechanisms and the combustion systems in
which the combustion process takes place

4. P4-MAG: Ability to physically, mathematically
and numerically model problems in advanced
combustion processes

Intended learning outcomes:

Knowledge:

Z1: In-depth theoretical, methodological and
analytical knowledge with elements of research,
which is the basis for scientific and professional
work in the development, design and diagnostics
of combustion-based systems.

Skills:


https://plus.cobiss.net/cobiss/si/sl/bib/23305989
https://plus.cobiss.net/cobiss/si/sl/bib/1426459
https://plus.cobiss.net/cobiss/si/sl/bib/147336451

S1.1: Sposobnost vrednotenja procesov zgorevanje
z ozirom na zvisanje izkoristka in zniZanje izpustov
onesnazil.

S1.2: Samostojna uporaba pridobljenega znanja pri
analizi, snovanju in diagnostiki inzenirskih
sistemov, ki temeljijo na zgorevanju.

S1.3: Sposobnost snovanja okolju prijaznejsih
zgorevalnih sistemov, ki temeljijo na naprednih
procesih zgorevanja, z minimalnimi negativnimi
vplivi zgorevanja na okolje.

S1.4: Sposobnost nadaljnjega, samostojnega Studija.

Metode poucevanja in ucenja:

P1: Avditorna predavanja z reSevanjem izbranih -
za podrodje znacilnih - teoreti¢nih in prakti¢no
uporabnih primerov.

P2: Obravnava snovi po urejeni in vnaprej
razlozeni sistematiki.

P3: Avditorne vaje, kjer se teoreti¢no znanje s
predavanj podkrepi z racunskimi primeri.

P4: Laboratorijske vaje.

P5: Uporaba studijskega gradiva v obliki (e-verzija
predstavitve predavanj).

P8: Izdelava in predstavitev aplikativnih
seminarskih nalog

P10: Uporaba anket v realnem c¢asu
P14: Virtualni eksperimenti

P15: Uporaba video vsebin kot priprava na
predavanja in vaje

Nacini ocenjevanja:
Teoreti¢ne vsebine (predavanja)
Samostojno delo na vajah

Ocenjevalna lestvica:

5 - 10, pri ¢emer velja, da je pozitivha ocena od 6 - 10

Reference nosilca/Lecturer's references:

Tomaz KatraSnik:

S1.1: Ability to evaluate combustion processes in
terms of maximizing the efficiency and reducing
pollutant emissions.

S1.2: Independent use of acquired knowledge in
the analysis, design and diagnostics of combustion
systems.

S1.3: Ability to design environmentally friendly
combustion systems based on advanced
combustion processes with minimal negative
environmental impacts.

S1.4: Ability of independent self-driven education
and research

Learning and teaching methods:
P1: Classroom lectures with inclusion of solving
selected typical and practical examples.

P2: Presenting of the learning content in an orderly
and pre-interpreted systematics

P3: Tutorials where theoretical knowledge of
lectures is supported by computational examples.

P4: Laboratory work.

P5: Use of study materials in format (e-version of
lecture presentation).

P8: Design and presentation of applied seminar
work

P10: Use of real-time surveys
P14: Virtual Experiments

P15: Using video content to prepare for lectures
and exercises

DeleZ/Weight Assessment:
50,00 %
50,00 %

Theory (lectures)
Practical coursework

Grading system:
5 - 10, a student passes the exam if he is graded from
6to 10
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