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2. DEFINITION OF RESEARCH PROBLEM AND GOALS OF DOCTORAL RESEARCH?

Starting point of research task of the early stage researcher and its position in the research programme,
where the mentor is included, work hypothesis, research goals and foreseen result with emphasis on
an original contribution to science:

Starting point of the research task

The use of alternative fuels, especially those of biological origin and fuels derived from waste, is increasing,
mainly due to commitments to reduce emissions of climate-relevant carbon dioxide. However, the
combustion of alternative fuels can involve completely different mechanical and temporal scales of
combustion, which may require additional measures to ensure stable and safe combustion, as well as
specific actions to reduce emissions of substances into the air. The starting point of the young researcher's
work is numerical modeling and simulation of combustion processes for alternative fuels of renewable

1 Term early stage researcher (ESR) is written in male form and used as neutral for women and men.
2 Research and study programme of training have to harmonise with contents of the research programme, where the mentor
is a member.
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origin, with an emphasis on analyzing stable combustion and the conditions for the formation of harmful
substances. The results of this research will contribute to understanding the complex and relatively
unexplored mechanisms of the formation of certain harmful substances during the combustion of
alternative fuels, which are based on the transfer phenomena of matter and energy and chemical kinetics.
The content of the young researcher's work thus represents an advancement of fundamental research on
transport phenomena in solids and fluids, which form the scientific and theoretical foundation of the
engineering research program "Research in Energy, Process and Environmental Engineering (P2-0196),"
namely momentum transfer, heat transfer, and mass transfer, with the dominant turbulent nature of a
multi-component reactive flow.

The research problem and goals

Significant progress has been made in the development of commercial computational fluid dynamics (CFD)
packages. However, the currently implemented numerical models are not suitable for all simulations of
alternative fuel combustion. As a result, commercial CFD software cannot yet simulate the entire process of
gasification and combustion of solid alternative fuels in a real combustion chamber using a single numerical
model. When simulating solid fuel combustion, it is first necessary to obtain appropriate boundary
conditions using an additional external model and then incorporate these conditions into the CFD numerical
model, since commercial CFD packages can simulate only the gas phase of combustion. In this context,
external combustion models are crucial; these are typically based on equilibrium combustion conditions,
which we aim to replace with chemical kinetics as part of the young researcher's work. To achieve this, it will
be necessary to select and evaluate a suitable chemical reaction mechanism, using the combustion of an
isolated fuel particle as the basis. The complete model will be validated using experimentally obtained
values of characteristic fuel combustion parameters in a real combustion chamber.

Foreseen results

The primary goal of the young researcher's work is to develop a combustion model for an isolated fuel
particle (wood biomass, RDF, biodiesel, synthetic fuels). For solid fuel combustion, the validated model will
be integrated into the existing bed combustion model developed within the research program P2-0196 to
assess the impact of chemical kinetics on the final results, including the temperature profile in the
combustion plant and the concentration fields of complete and incomplete combustion products. The model
will also be used to simulate fuel combustion in a fluidized bed and in dust combustion. The current model
of solid fuel combustion on a grate assumes that the fuel layer is divided into a finite number of
homogeneous reactors, where combustion at chemical equilibrium prevails. Therefore, as part of the
research, it is important to determine the significance of time-dependent chemical reactions for analyzing
the formation of gasification products (CO,, CO, H,, CH4, etc.) and NOx, which serve as boundary conditions
for the coupled combustion simulation model in the gas phase using the commercial CFD software package.
It is expected that accounting for chemical kinetics will be beneficial in determining the conditions for the
formation of incomplete combustion products, although it will not significantly affect the final results. An
original scientific contribution is anticipated in developing a complex model for the combustion of an
isolated fuel particle and its implementation in a gas-phase combustion model that considers chemical
kinetics. The practical utility of such numerical models is demonstrated in optimizing the operating
conditions of existing devices for alternative fuel combustion and in the design and planning of new devices,
which significantly reduces the need for experimental research and has a favorable impact on development
costs.

Position of the early stage researcher
The candidate will join the established Research Group for Energy, Process, and Environmental Engineering
(https://cris.cobiss.net/ecris/si/sl/group/2079). The research group addresses problems related to fluid

flow, heat, and mass transfer, applying this knowledge to solve engineering challenges. The areas covered
include process engineering, combustion, environmental protection, turbomachinery, internal combustion
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engines, heat engines, refrigeration and drying technology, and thermodynamics. The research group
consists of 18 members, including three young researchers.
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3. STUDY PROGRAMME

Foreseen study programme, to which early stage researcher shall be enrolled in academic year
2026/2027:

The doctoral school study programme, 3. cycle, DOCTORAL SCHOOL OF THE FACULTY OF MECHANICAL
ENGINEERING

Year 2026/2027: 1.year; Individual research work 1 and 2, Elective subjects
Year 2027/2028: 2.year; Individual research work 3 and 4, Elective subjects

Year 2028/2029: 3. year; Individual research work 5 and 6;
Doctoral dissertation writing; Defense of doctoral dissertation.

4. DESCRIPTION OF WORK AND TASKS

Implementing projects of scientific research.
Taking part in the design of research programmes.
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Cooperating with research sponsors.

Drawing up research and other reports.

Monitoring and coordinating research work according to the grant agreement.
Ensuring safety and health at work.

Organising and instructing employees and students on using personal safety equipment and other safety
measures.

Performing other tasks at the behest of the superiors.

Participating in ad-hoc and permanent committees of university or faculty bodies.
Acting on behalf of colleagues and superiors during their absence (upon authorisation).
Participating in annual and other inventories.

Performing other related tasks delegated by superiors.

5. REQUESTED LEVEL OF EDUCATION

VII/2. tariff group

6. REQUESTED FIELD OF EDUCATION

Technical, Natural sciences

7. KLASIUS SRV

Seventh level: Second cycle of higher and similar education/Second cycle of higher and similar education

8. KLASIUS P

01 — Educational sciences and teacher education
05 — Natural Sciences, Mathematics and Statistics
07 — Technology, production technologies and construction

9. REQUESTED KNOWLEDGE

Computer skills: MS Windows, Word, Excel, Internet, e-mail, e-commerce

10. REQUESTED SPECIAL REQUIREMENTS

11. REQUESTED LANGUAGES

Active knowledge of one world language
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12. REQUESTED WORK EXPERIENCE

13. FORESEEN POSTDOCTORAL TRAINING
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Name and surname of Dean or
authorised person?:
Red. prof. dr. Matej Vesenjak

Signature of dean or authorised person:

Digitally signed by Matej
/u/%/%:v/

Vesenjak
Date: 2026.02.01 12:26:36+01'00'

Place and date:

30. 01.
2026

Maribor

Stamp:

3 The training program is signed by the dean of the member where the ESR's employment and training will take place.
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