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Vaje/Tutorial:

Pogoji za vkljucitev v delo oz. za opravljanje studijskih
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Vpis v magistrski Studijski program.

Vsebina:

1. Uvod v termodinamiko zmesi

- Predstavitev u¢nega programa, kronoloski pregled;

- Uporaba termodinamike zmesi v raziskovalnem in
industijskem okolju.

2. Idealne plinske zmesi

- Enofazni sistemi, ravnotezni pogoji, parcialne molske
veli¢ine stanja;

Predavanja/Lectures:

Slovenscina

Slovenscina

Prerequisites:

Enrolment in the study programme.

Content (Syllabus outline):

1. Introduction to thermodynamics of mixtures

- Outline of the syllabus, chronological overview;

- Use of thermodynamics of mixtures in research and
industrial environments.

2. Ideal gas mixtures

- Single phase systems, equilibrium conditions, partial
molar quantities;




- Gibbs Daltonov zakon, Amagatin zakon, Gibbsova
prosta energija, kemijski potencial.

3. VlaZen zrak

- Zmes idealnih plinov in par, vlaZen zrak, Mollierov h-x
diagram, temperatura suhega in mokrega termometra,
temperatura rosisca, vlaznost, relativna vlaznost;

- Popis stanj vlaznega zraka.

4. Psihrometrijski procesi

- Gretje in hlajenje vlaZnega zraka, mesanje vlaznih
zracnih tokov, vlaZzenje in razvlazevanje, evaporativno
hlajenje;

- Klimatizacija, hladilni stolp, susenje.

5. Eksergijska analiza psihrometrijskih procesov

- Eksergija, eksergijski diagram vlaznega zraka;

- Eksergijska ucinkovitost psihometrijskih procesov.
6. Relacije med termodinamicnimi velicinami stanja

- Maxwellove relacije za Ciste snovi

- Maxwellove relacije za zmesi

7. Enacba stanja

- Vrste enacb stanja, korespondencni princip;

- Metode doloc¢anja kriti¢nih veli¢in enacb stanja
zmesi.

8. Veckomponentni sistemi

- Idealna plinska zmes, kemijski potencial komponente
v idealni plinski zmesi, Gibbs Duhemova enacba,
lastnosti veckomponentnih sistemov, fugativnost,
fugativnostni koeficient;

- Idealna raztopina, kemijski potencial komponente v
idealni raztopini, aktivnost, aktivnostni koeficient, Lewis
Randallovo pravilo.

9. Vecfazni sistemi

- Parno kapljevito ravnotezje, Henryjev zakon,
Raoultov zakon;

- Temperaturno koncentracijski dvofazni diagram,
parno kapljeviti ravnotezni diagram.

10. Realne zmesi

- Gibbsovo pravilo faz, binarni dvofazni sistemi,
retrogradno uparjanje in retrogradna kondenzacija,
azeotropne zmesi, ravnotezni diagram;

- heterogene kapljevite zmesi, ravnotezje trdnih in
kapljevitih faz, solne raztopine, snovi s hidrati.

11. Termodinamicni procesi z zmesmi

- Gretje in hlajenje, mesanje, dusenje;

- Kristalizacija, uparjanje, kondenzacija, absorpcija.
12. Enacba stanja kompleksnih realnih zmesi in baze
podatkov

- Enacba stanja GERG 2008, podatkovna baza GERG
2008;

- Baze podatkov o termodinamicnih lastnostih cistih
snovi in zmesi.

13. Kemijske reakcije in kemijsko ravnotezje

- Ravnotezni kriteriji kemijske reakcije, Hessov zakon,
tvorbena entalpija;

- Tvorbena Gibbsova prosta energija, kemijska

- Gibbs-Dalton law, Amagat’s law, Gibbs free energy,
chemical potential.

3. Moist air

- Mixture of ideal gases and water vapor, moist air,
Mollier h-x diagram, wet- and dry-bulb temperature,
dew point, humidity, relative humidity;

- Description of moist air states.

4. Psychrometric processes

- Heating and cooling of moist air, mixing of moist
airflows, humidification and dehumidification,
evaporative cooling;

- Air conditioning, cooling tower, drying.

5. Exergy analysis of psychrometric processes

- Exergy, exergy diagram of moist air;

Exergy efficiency of psychrometric processes.

6. Relation between thermodynamic quantities of
state

- Maxwell relations for pure substances

- Maxwell relations for mixtures

7. Equation of state

- Types of equations of state, correspondence
principle;

- Methods of determining critical properties of
equations of state.

8. Multicomponent systems

- Ideal gas mixture, chemical potential of a component
in an ideal gas mixture, Gibbs-Duhem equation,
properties of multicomponent systems, fugacity,
fugacity coefficient;

- Ideal solution, chemical potential of a component in
an ideal solution, activity, activity coefficient, Lewis-
Randall rule.

9. Multiphase systems

- Vapor-liquid equilibrium, Henry’s law, Raoult’s law;
- Temperature/concentration two-phase diagram,
vapor-liquid equilibrium diagram.

10. Real mixtures

- Gibbs' phase rule, binary two-phase systems,
retrograde vaporization and condensation, azeotropic
mixtures, equilibrium diagram;

- Heterogeneous liquid mixtures, equilibrium of solid
and liquid phases, salt solutions, substances with
hydrates.

11. Thermodynamic processes with mixtures

- Heating and cooling, mixing, throttling;

- Crystallization, vaporization, condensation,
absorption.

12. Equations of state for complex real mixtures and
databases

- GERG 2008 equation of state, GERG 2008 database;
- Databases for thermodynamic properties of pure
substances and mixtures.

13. Chemical reactions and chemical equilibrium

- Criteria for equilibrium of chemical reactions, Hess’



eksergija snovi.

14. Fazno ravnotezje

- Ravnotezje veckomponentnih in vecfaznih sistemov;
- Ravnotezna konstanta.

15. Studentska predstavitev seminarskega dela iz
termodinamike zmesi

- Timsko projektno delo;

- 3 minutna predstavitev in diskusija.

Temeljna literatura in viri/Readings:

law, enthalpy of formation;

- Gibbs free energy of formation, chemical exergy of
substances.

14. Phase equilibrium

- Equilibrium of multicomponent and multiphase
systems;

- Equilibrium constant.

15. Student presentation of process engineering
seminar work

- Team projects;

- 3-minute presentation and discussion.
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6. Stephan, P., Kabelac, S., Kind, M., Mewes, D., Schaber, K., Wetzel, T., VDI-Warmeatlas : Fachlicher Trager
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2012.

8. Dincer, ., Midilli, A., Kucuk, H., Progress in Exergy, Energy, and the Environment, Springer, 2014.
9. Dincer, I, Rosen, M. A., Exergy Analysis of Heating, Refrigerating and Air Conditioning: Methods and
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2001.

Cilji in kompetence:

Cilji:

1. Podati studentu temeljna znanja iz razumevanja
in termodinamicnega popisa zmesi in procesov z
zmesmi.

2. Spoznati mehanizme in popisati dogajanja pri
procesih z dvo- ali veckomponentnimi zmesmi v
razlicnih agregatnih stanjih.

3. Krepiti usposobljenost uporabe inzenirskih
orodij.

4. Spoznati orodja za popis termodinamicnih
lastnosti zmesi in dati temeljna znanja za nadaljni
poglobljen studij na oZjih strokovnih podrocjih
energetskega in procesnega ter okoljskega
inZenirstva.

Kompetence:

1. Siritev sposobnosti kritiénega, analiti¢nega in

Objectives and competences:

Objectives:

1. Provide the student with basic understanding
and thermodynamic description of mixtures and
processes with mixtures.

2. Educate the student on mechanisms and
description of phenomena with two- or
multicomponent mixtures is different states of
matter.

3. Strengthen the student’s ability to use
engineering tools.

4. Educate the student on tools for description of
thermodynamic properties of mixtures and
provide basic knowledge for continued in-depth
learning in the narrower specialised subfields of
energy, process and environmental engineering.

Competences:



sinteticnega misljenja pri resevanju problemov, ki
vkljucujejo termodinamiko zmesi. Razvijanje
novega znanja in razumevanja podrocja
veckomponentnih in vecfaznih zmesi. Razvijanje
visjih kognitivnih vescin, povezanih z
ustvarjanjem novega znanja na podrocju
termodinamike zmesi. Obvladovanje temeljnih
teoreticnih kakor tudi aplikativnih znanj, ki so
bistvena za obvladovanje procesov z zmesmi (S2-
MAG, P2-MAG).

2. Usposobljenost za uporabo pridobljenih znanj pri
samostojnem resevanju tehni¢nih problemov, ki
vkljucujejo termodinamiko zmesi. Sposobnost
samostojnega pridobivanja novih znanj in vesc¢in
s podroc¢ja termodinamike zmesi (57-MAG, P5-
MAG).

3. Sposobnost iskanja virov, kriticne presoje
informacij, samostojnega nadgrajevanja
pridobljenih znanj in poglabljanja znanja na
podrocju procesov z zmesmi. Sposobnost
samostojnega izvajanja zahtevnih raziskovalnih,
razvojnih, inZenirskih in strokovno organizacijskih
dela ter sposobnost kreativhega resevanja
posameznih nalog, ki vkljucujejo problematiko
termodinamike zmesi z uposStevanjem nacel
trajnostnega razvoja (S8-MAG, P6-MAG).

Predvideni studijski rezultati:

Znanja:

Poglobljeno teoreti¢no, metodolosko in analiti¢cno
znanje z elementi raziskovanja na podrocju
termodinamike zmesi, ki je osnova za zelo zahtevno
strokovno delo (72).

Spretnosti:

1. Obvladovanje zelo zahtevnih, kompleksnih
delovnih procesov in metodoloskih orodij na
podrodju termodinamike zmesi (S2.1).

2. Nacrtovanje in vodenje delovnega procesa na
podlagi ustvarjalnega resevanja problemov,
povezanih s termodinamiko zmesi (2.2).

3. Sposobnost izvirnih dognanj/stvaritev in kriticne
refleksije pri reSevanju problemov s podrocja
termodinamike zmesi (52.3).

Metode poucevanja in ucenja:

P1 Avditorna predavanja z reSevanjem izbranih
teoreticnih in prakti¢no uporabnih primerov

1. Improved capability of critical, analytical and
synthetical thinking when solving problems
involving thermodynamics of mixtures.
Development of new knowledge and
comprehension of multicomponent and
multiphase mixtures. Development of higher
cognitive skills, related to the creation of new
knowledge in thermodynamics of mixtures. Using
the fundamental theoretical and applied
knowledge, crucial for having command of
processes involving mixtures (S2-MAG, P2-MAG).

2. The qualification to use the attained knowledge
to autonomously solve technical problems
involving thermodynamics of mixtures. The
ability to autonomously acquire new knowledge
and skills about thermodynamics of mixtures (S7-
MAG, P5-MAG).

3. The ability to find sources, critically evaluate
information, independently upgrade the attained
knowledge and deepen the knowledge in the
field of processes involving mixtures. The ability
to autonomously perform demanding research,
developmental, engineering and professionally-
organisational work, the ability to creatively solve
individual tasks involving thermodynamics of
mixtures while accounting for the principles of
sustainable development (S8-MAG, P6-MAG).

Intended learning outcomes:

Knowledge:

Thorough theoretical, methodological and analytical
knowledge with elements of a research work in the
field of thermodynamics of mixtures that form a basis
for very demanding professional work (Z2).

Skills:

1. Mastering very demanding and complex work
processes and methodological tools in
thermodynamics of mixtures (52.1).

2. Planning and managing of the working process
on the basis of creative solving of problems that
are linked to thermodynamics of mixtures (2.2).

3. Ability of unique innovations and critical
reflections in solving problems in the field of
thermodynamics of mixtures (52.3).

Learning and teaching methods:

P1 Auditorial lectures with solving selected field-
specific theoretical and applied use cases in



termodinamike zmesi. thermodynamics of mixtures.

P3 Avditorne vaje, kjer se teoreti¢no znanje iz P3 Auditorial exercises, in which theoretical content
predavanj podkrepi z racunskimi primeri from the lectures is supplemented with practical
obravnavanih podrocij termodinamike zmesi. examples of problems involving thermodynamics of
P4 Laboratorijske vaje z namenskimi mixtures.

eksperimentalnimi progami in didakti¢nimi P4 Laboratory exercises with special-purpose didactic
pripomocki za prikaz termodinamskih procesov z devices to showcase thermodynamic processes with
zmesmi. mixtures.

P8 Izdelava in predstavitev aplikativnih seminarskih P8 Making and presenting applied seminar exercises
nalog iz podrocja termodinamike zmesi. in the field thermodynamics of mixtures.

P9 Timsko razvojno raziskovalno projektbno delo s P9 Team work (discussion pro and contra, discussion
predstavitvijo in razpravo of the studied content, snow ball, structured

P12 Individualizirane domace naloge v spletni ucilnici.

discussion, brainstorming, project work, etc.).

P12 Individualised homework in a web classroom.

P14 Virtualni eksperimenti iz podrocja termodinamike
zmesi ob uporabi razvitih racunalniskih paketov za P14 Virtual experiments in the field of process
dolocanje enacb stanja realnih fluidov. engineering using software packages for

determination of equations of state of real fluids.

Nacini ocenjevanja: Delez/Weight Assessment:

Teoreti¢na vsebine (predavanja, racunske 60,00 % Theoretical content (lectures, calculation

naloge). problems).

Samostojno/skupinsko delo na vajah. 20,00 % Individual/group work during auditorial
exercises.

Seminar. 20,00 % Seminar.
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