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Preface

This booklet contains abstracts presented at the 2" Annual PhD Workshop held at Uni-
versity of Zagreb, Faculty of Mechanical Engineering and Naval Architecture, on July
1, 2016. Annual PhD workshop is the integral part of PhD programme of Mechanical
Engineering, Naval Architecture, Aeronautical Engineering and Metallurgical Engi-
neering, launched on academic year 2014/15. PhD program is jointly developed by two
faculties of University of Zagreb, Faculty of Mechanical Engineering and Naval Archi-
tecture and Faculty of Metallurgy.

PhD workshop is aimed to provide forum for exchange of ideas among PhD students,
to get most of PhD students at one place and to monitor progress of their PhD theses.
Workshop should help students to strengthen their presentation skills and unify qual-
ity and transparency of PhD theses produced at different modules of PhD programme.
Contributions in this booklet are divided in two broad groups, abstracts of preliminary
PhD topics and abstracts of final PhD topics. Former are mostly presented by the first
year PhD candidates, while latter are presented by PhD students of second and higher
years. Abstract are structured in a way to encourage students to write clearly and con-
cisely purposes of their PhD theses in order to bring their research closer to the wide
community and even to those who are not specialists in the field. This booklet could be
a valuable and relevant reference for PhD students and their mentors as it represents
kind of milestone in the progress of their PhDs. It will also be useful for all stakehold-
ers of PhD education to evaluate quality and progress of PhD theses. Finally, it can be
useful for the industry in Croatia as it contains in one place most of the research efforts
at two faculties.

17 participants on the PhD workshop presented preliminary topics of their theses, while
23 participants presented final PhD topics. Contributions collected in the booklet of ab-
stracts are from different modules of the PhD study: Process and Energy Engineering
(14 contributions), Computational Mechanics (6), Theory of Structures (5), Mechatron-
ics and Robotics (4), Industrial Engineering and Management (3), Scientific Metrology
in Mechanical Engineering (2), Aeronautical Engineering (2), Materials Engineering (2),
Advanced Production Technologies (1) and Naval Architecture and Ocean Engineering
(1). Diversity of these topics clearly indicates broad and rich research interests and ac-
tivities at the Faculty of Mechanical Engineering and Naval Architecture and Faculty
of Metallurgy.
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PhD Study of Mechanical Engineering, Naval Architecture, Aeronautical Engineering and Metallurgical Engineering

Towards Improvement of Dual Fuel Engines: Numerical
Simulation of Fuel Slip and Knock Limits

PhD candidate: Mario Sremec
Mentor/s: Darko Kozarac

Affiliation: University of Zagreb, Faculty of Mechanical Engineering and Naval Architecture, Croatia

Introduction

Diesel internal combustion engines are the most
widely used in transport vehicles. Latest infor-
mation of world energy consumption shows
that the transport is the main source of exhaust
gases. Because of environmental concerns,
automotive industry is exploring alternative,
more acceptable fuels. Compressed natural gas
(CNG) is the cleanest fossil fuel and can be used
in diesel engine with great benefits. Because of
the low reactivity of CNG in Diesel engines it is
usually used with so called Dual Fuel combus-
tion (DF). Optimal parameters for DF engines
are not yet investigated thoroughly which is the
motivation for this work. Presented study shows
improvement of disadvantages resulting from
conversion diesel engine to dual fuel engine.

Aims

The main objective of investigation is to show
influence of different injection timings and in-
fluence of knock phenomena on characteristics
of port injected DF engine. Assumption is that is
possible to decrease fuel slipping to exhaust port
by changing the injection timing. The research-
ing of knock phenomena in DF engine has the
goal of finding the highest allowed compression
ratio that will result in knock free operation.

Methods

For all numerical simulations the AVL Boost
v2013 is used. The model is based on single cyl-
inder stationary Hatz diesel engine installed in
Laboratory of Internal Combustion Engines and
Motor Vehicles on Faculty of Mechanical Engi-
neering and Naval Architecture. The model is
used to calculate the amount of fuel that slips
into the exhaust port at different injection pro-
files and engine conditions. All numerical sim-
ulations are performed by using a mixture of
methane and diesel fuel with 95% mole fraction
of methane.

Expected scientific contribution

The model is used to calculate the amount of
fuel that slips into the exhaust port at differ-
ent injection profiles and engine conditions. By
analyzing the results, the injection strategy that
significantly decreases the CNG slip is defined.
Additionally, by analysis of results with model
for predicting knock occurrence, obtained at
different compression ratios and engine condi-
tions the highest possible compression ratio for
the experimental engine is also defined.

Acknowledgments

This work is the part of FMENA project “Ex-
perimental Research, Optimization and Char-
acterization of Piston Engine Operation with
Dual-Fuel Combustion” funded by the Croatian
Science Foundation. This help is gratefully ap-
preciated.

Keywords

Dual Fuel, CNG, Knock, Injection timing, fuel
slip
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Second Annual PhD Workshop

Managing Engineering Parameters in Complex
Product Development Process

PhD candidate: Jasmin Juranic¢
Mentor/s: Dorian Marjanovi¢

Affiliation: University of Zagreb, Faculty of Mechanical Engineering and Naval Architecture, Croatia

Introduction

Users, which are mainly product designers and
product developers, use computer aided design
to design parts and assemblies. When they de-
sign complex product, they are dealing with
many CAD models, parameters, constraints and
relations. The eternal issues are how to manage
complexity and how to help engineers to get fi-
nal product fast and with less effort. A param-
eter in this approach describe a characteristic
variable of a system element. The parameter
can be of functional or geometrical character.
Many parameters are related. For a complex
product there can exist huge number of param-
eters. Therefore, many relations between these
parameters exist. In order to reduce number of
relations, parameters are grouped in functional
groups or active chains. A parameter can be part
of several active chains as well. Once a param-
eter changes it may affect any other parameter
that is part of the active chain or even param-
eters in other active chains if the particular pa-
rameter is related to more than one active chain.

Aims

The aim of this research is to develop a system
that would help engineers with management
of engineering parameters. The system should
track every change in parameters. Additionally,
the system should have an ability to visualize
relations which exist between existing parame-
ters. The system also should have an option to
import and export parameters as well as create
new parameters. There are also several ques-
tions which need to be answered. Which model
of communication will best suite chosen visu-
alization model? How to treat non-geometric
parameters? How to capture their value? How
to visualize them? How system complexity im-
pacts proposed system management and practi-
cal usage issues?
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Methods

When dealing with complex products, there ex-
ist thousands, millions or even billions of param-
eters, depending how the product is complex. A
Parameter could be functional parameters but
mostly are geometrical. The best way to collect
parameters is talking with engineers because
they know which parameters are important and
which not. A model should be made in order to
understand how parameters are defined, where
are they coming from, how they are related to
each other and so on.

Expected scientific contribution

It is expected that this research would contrib-
ute product development research area as well
as system engineering area. By answering these
and many other research questions, the model
for managing engineering parameters should
be developed. Also, the model could help with
communication between the owner of a param-
eter and all the people who that parameter is
important.

Keywords
Complex product development, parameter man-
agement, traceability



PhD Study of Mechanical Engineering, Naval Architecture, Aeronautical Engineering and Metallurgical Engineering

ORC Microturbine with Optimal Partial Admission

PhD candidate: Mario Klun
Mentor/s: Zvonimir Guzovic¢

Affiliation: University of Zagreb, Faculty of Mechanical Engineering and Naval Architecture, Croatia

Introduction

Many mainstream industrial processes like ce-
ment, glass and chemical industry have large
amounts of waste heat which is normally re-
leased into the environment. This heat may
be used in a second plant / energy loop. This
approach results in higher overall thermody-
namic efficiency as well as economic benefits in
the medium / long run. The cycle used in the
second plant is known as Organic Rankine Cy-
cle — ORC because it uses organic substance as
working medium. Crucial part of the ORC is the
expander with many types being currently eval-
uated, however the one of interest here — multi
stage axial turbine, has very scarce info. Axial
turbines researched so far have mostly been su-
per-sonic single stage ones. Being small in size,
these turbines, known as microturbines, include
the partial steam feed / admission which com-
plicates their modeling and flow.

Aims

The aim is to research the physics of flow within
a partial admission turbine with an optimal ad-
mission degree in each stage (“blockades”) and
compare it to a turbine with a partial admission
present only in the first stage.

Methods

Computational Fluid Dynamics — CFD is used to
model and simulate the turbine flow. Microsoft
Excel and REFPROP are used for turbine —ther-
mo and — aero design, Gambit and MathCAD for
flow space / blade modeling, and Ansys Fluent
16.0 for simulating and results postprocessing.

Expected scientific contribution

The contribution is at the field of microturbine
design and numerical modeling; blades are de-
signed using the 5th degree polynomial meth-
od. This work will show that special cases of
microturbines may be designed, modeled and
finally simulated in a CFD software. This is im-
portant since modeling a non-axis symmetric

flow requires a different approach from mode-
ling an axis-symmetric one, like in a full admis-
sion turbine. Analysis of varying blade number
and width, comparison of analytical and simu-
lation results, as well as aspects which may be
perceived in a numerical simulation but cannot
be known without building and testing a proto-
type including helical flow in the tubine, differ-
ent results when using and not using blockades,
presence of local swirls, local supersonic flow
and power distribution per each rotor, will be
provided.

Keywords

Organic Rankine Cycle — ORC, Turbomachinery,
Microturbine, Partial Admission, Computation-
al Fluid Dynamics — CFD.
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Second Annual PhD Workshop

Analysis of the Heat Exchanger Network Operation
According to Entropy Generation Criterion

PhD candidate: Martina Rauch
Mentor/s: Antun Galovié¢

Affiliation: University of Zagreb, Faculty of Mechanical Engineering and Naval Architecture, Croatia

Introduction

Entropy generation and exergy destruction in
heat exchangers relies on two simultaneous ir-
reversible processes based on heat transfer be-
tween two streams with different temperatures
and the existence of the pressure drop caused
by the imposed fluid friction. Numerous recent
scientific papers deal with the total entropy gen-
eration or total exergy destruction, thus mak-
ing the entire heat exchanger the object of the
analysis. Obtaining the minimal heat exchanger
area, maximal heat flow rate and maximal en-
tropy generation (exergy destruction) can be set
as main goals of this analysis. This theoretical
analysis would then be confirmed by design-
ing an experimental heat exchanger capable of
varying the fluid stream inlet on different po-
sitions of heat exchanger. For theoretically and
experimentally confirmed operation of such
heat exchanger (recuperator), according to giv-
en criteria, local entropy generation for all three
connected heat exchangers will be presented for
every examined situation. This research takes
parallel flow and counterflow heat exchangers
into account, for which analytical overview
of local entropy generation is given, generat-
ed only because of the heat transfer upon final
temperature differences between fluid streams.
The reason for this is complexity of the defined
problem and existence of numerous influential
variables.

Aims

Fundamental objective of this research is de-
termining the positions of the stream inlet for
two additional heat exchangers needed to meet
the following goals: minimal area of the heat
exchanger, maximal rate of heat flow and max-
imal entropy generation. While first two cases
are desirable, third case is not and therefore this
operating regime, after meeting the third case
criteria, should be avoided. For set objectives
quantitative effect of the relevant variables de-
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fining the problem will be examined: mass flow
rate of the additional exchangers and their inlet
temperatures.

Methods

Based on theoretical elaboration of the model
experimental device will be designed, which
will then be used to verify theoretically ob-
tained results: temperatures of all streams in
such complex heat exchanger, for example. The-
oretical and experimental model will allow the
comparison of calculated and measured temper-
ature values of all streams in the heat exchanger.

Expected scientific contribution

By examining available and recent scientific pa-
pers from the field of entropy (exergy) analysis
of the heat exchanger, it can be concluded that
those papers mainly deal with global level heat
exchanger analysis, accepting only inlet and
outlet fluid stream states. That approach cannot
answer to the set demands, given as objective of
this research. Answering those demands would
be possible only if the problem would be dealt
with on a local level, where the local heat ex-
changer area would be a significant local coordi-
nate. Therefore elaboration of the algorithm for
resolving the set problems, but on a local level,
presents real scientific contribution for dealing
with this kind of theoretical and practical prob-
lems.

Keywords

heat exchanger network, local and total entropy
generation, optimal heat exchanger area, maxi-
mal heat flow rate, maximal entropy generation



PhD Study of Mechanical Engineering, Naval Architecture, Aeronautical Engineering and Metallurgical Engineering

Sustainability of Energy Recovery of Waste Under
the Influence of Legislation Changes

PhD candidate: Tihomir Tomic¢
Mentor/s: Daniel Rolph Schneider

Affiliation: University of Zagreb, Faculty of Mechanical Engineering and Naval Architecture, Croatia

Introduction

One of the leading problems EU is faced with is
waste. This problem is even more emphasised
in urban areas. Increased population also in-
creases energy consumption. This correlation
make energy recovery (ER) of waste logical path
towards sustainable development of the cities.
At the same time waste represents resource
that can alleviate, along with energy problems,
material scarcity problem of EU through its
material recovery (MR). Because of this EU has
introduced waste hierarchy to divert produced
waste from landfills to recovery processes. Also,
EU set ER of waste to subordinated position to
MR which decreases amount of waste for ER. In
these circumstances question of sustainability
of ER of waste comes in question.

Aims

The aim of this study is to answer to question of
sustainability of ER of waste under the influence
of legislation changes. Plan is to show sustaina-
ble degree of integration of ER of waste within
the legislative framework.

Methods

Economic sustainability of waste-to-energy
(WtE) cogeneration plant as a part of district
heating system is conducted. Analysis is based
on regression analysis carried over data for ex-
isting WtE plants and locally dependent data.
Actual waste quantity and composition, so-
cio-economic data and EU legislation frame-
work are used as input for LCA-IWM prognos-
tic model. Forecasted data are used to calculate
internal rate of return of analysed scenarios.
Scenarios are modelled to analyse combustion
of local municipal solid waste alone, co-combus-
tion of other local wastes and waste import from
entire region. Environmental sustainability of
different waste management systems (WMS) is
evaluated through single-score assessment by
primary energy return approach. This cumula-

tive energy demand (CED) based approach re-
duce all external material and energy flows to
PE equivalents which can be compared. Individ-
ual technology material and energy flows are
constructed on the basis of life cycle inventory
(LCI) process unit data. This way only internal
waste flows that connect individual technolo-
gies are tracked through the whole analysed
system. As the next step in this study, econom-
ic system optimisation using process network
synthesis (PNS)is planned. This step is based
on previously constructed technology UPR data
which have to be expanded with economic data.

Expected scientific contribution

Expected result of this research is to benchmark
sustainability of different scenarios of WMS in
different fields (in this part of research in the
fields of economy and ecology) and to give ag-
gregated answer to a question of sustainability
of integration of ER to WMS within the foresee-
able legislation framework.

Acknowledgments

This work has been financially supported by
the Croatian Science Foundation under grant
No. DR-5-2014 (Career development of young
researchers) and by the EU Intelligent Energy
Europe project STRATEGO (grant agreement
EE/13/650). This support is gratefully acknowl-
edged.

Keywords

waste management system, energy recovery,
material recovery, waste model, economic sus-
tainability, environmental sustainability
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Second Annual PhD Workshop

Behaviour-Based Robot Using a Multi-Sensory
Approach and Fuzzy Control

PhD candidate: Josip Horvat
Mentor/s: Mladen Crnekovi¢, Bojan Jerbi¢
Affiliation: Klimaoprema d.d., Croatia

Introduction

Obstacle avoidance is common issue in autono-
mous mobile robot control. There are many dif-
ferent approaches used to achieve better charac-
teristic of obstacle avoidance behavior. Mobile
robots, as a dynamic part of the environment,
have to be able to avoid obstacles in real time.
In this research a nonholonomic mobile robot
is used. Nonholonomic robots by their genuine
characteristic are incapable of lateral movement.
This is a primary reason why, fundamental
problem of navigation is even more expressed.
Fundamental problem includes mobile robot
motion planning and obstacle avoidance. Ever
since the first research papers were published
on the topic of obstacle avoidance, real-time
architecture for obstacle avoidance and path
planning for mobile robots, this still remains
the field of increasing research interest due to its
practical application.

Aims

Main goal is to achieve performance improve-
ments in obstacle avoidance. The aim is to real-
ize obstacle avoidance by means of combining
different robot sensors. Sensor values will be
processed using fuzzy logic controller in order
to produce an accurate obstacle avoidance be-
havior. However, ultimate goal is development
of robust algorithm for application in unstruc-
tured environment.

Methods

The starting point of this research is the hy-
pothesis that significant improvements can be
made in field of mobile robot motion planning
if Al algorithms are combined with mathemat-
ical models that aren’t considered yet in mobile
robot navigation. Fuzzy control will be imple-
mented due to a previous experience in the sim-
ilar field. Fuzzy control has shown excellent re-
sults in mobile robot control and in combination
with well specified behavior rules it is assumed
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that will result in excellent obstacle avoidance
characteristics. Besides the mentioned AI meth-
od other approaches will be considered in order
to increase performance and study their integra-
tion in one hybrid solution. Some of the meth-
ods are: Neural Networks, Genetic Algorithm,
Adaptive Resonance Theory, Particle Swarm
Optimization, etc. Research will be experimen-
tal and all algorithms will be tested in real envi-
ronment. Mobile robot is equipped with range
sensors and vision system, which will be used
to enhance robot performance using algorithms
for vision-based detection and classification.

Expected scientific contribution

Research should contribute to the field of mobile
robot path planning and obstacle avoidance.
There is intention of possible application in clut-
tered environments. We expect that research
process will result in new behavior-based fuzzy
control method for mobile robot navigation.
Safety assurance in the presence of stationary
and moving obstacles is important issue in mo-
bile robot control so we expect to make a con-
tribution in that field too. Developed algorithm
should assure safety despite sensor and actuator
uncertainty.

Acknowledgments

This research is supported by Klimaoprema d.d.
In this research mobile robot eMIR (educational
Mobile Intelligent Researcher) is used.

Keywords
Mobile robot, path-planning, obstacle avoid-
ance, unstructured environment



PhD Study of Mechanical Engineering, Naval Architecture, Aeronautical Engineering and Metallurgical Engineering

Control and Energy Management Systems for
Unmanned Aerial Vehicles (UAV)

PhD candidate: Matija Krznar
Mentor/s: Danijel Pavkovi¢
Affiliation: Peti Brod Ltd., Croatia

Introduction

Since proper distribution of on-board battery
energy is a particularly important factor of UAV
flight performance and successful mission com-
pletion, an energy management system (EMS)
needs to coordinate the battery power flow, and
estimate the remaining available energy on-line
to ensure favorable flight quality and endur-
ance.In this respect, this research analyses var-
ious quadrotor design configurations and their
impact on energy consumption. EMS-based es-
timates can be coupled with on-board sensors
data and used within the UAV control strategy
in order to maximize the remaining flight time,
as well as to reduce response time during ag-
gressive maneuvering and to achieve robust-
ness to perturbations (air gusts).

Aims

In order to develop the proposed EMS and
control algorithms, an upgrade to the current
“hardware in the loop” (HIL) system is needed.
This will include adding a complement of sen-
sors feeding measurements from external sen-
sors such as accelerometer, gyroscope, and bar-
ometric pressure sensor, which will be used for
UAV state monitoring and feedback for the EMS
and flight controller. Main goals of this research
are the development of control and energy man-
agement algorithms that provides adaptive mis-
sion planning and multiple flight modes (differ-
ent modes of flight control system operation) on
demand.

Methods

The research is conducted using a mathemati-
cal model of different quadrotor configurations
derived from kinematic and dynamic equations
which are implemented as computer simula-
tion models in Matlab/Simulink, Microsoft .Net
framework and C++ for microcontrollers. Thus
obtained simulation results are verified on
the upgraded experimental setup featuring a

hardware-in-the-loop (HIL) system suitable for
half-aircraft dynamics emulation, and related
optimization and design of energy management
and flight control systems. After successful
proof-of-concept, a full experimental model of
quad rotor will be designed and constructed for
the purpose of testing advanced control tech-
niques combined with energy management con-
trols.

Expected scientific contribution

Scientific contributions related to UAV power
flow analysis for different flight missions are
expected as a first step towards the design of
energy management control system for the on-
board battery, as well as the development of
battery state-of-charge (S0C) and state-of-health
(SoH) estimators. UAV state estimation based on
sensor fusion and Kalman filtering approach is
going to be investigated as a basis for the devel-
opment of flight control systems based on ap-
propriate optimization criteria combining flight
duration, battery load and UAV state variance
indices characterizing aggressive maneuver-
ing and level flight robustness with respect to
disturbances. Finally, research in brushless DC
motor-based quadrotor servo-propulsor optimi-
zation and control also shows potential for sci-
entific contributions.

Keywords

Quadrotor, Energy management system (EMS),
Nonlinear flight control, Battery, State-of-
Charge (SoC), State-of-Health (SoH), sensor fu-
sion, adaptive filtering
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Second Annual PhD Workshop

Improvement of Al-Fly Ash Composites Characteristics
by Equal Channel Angular Pressing

PhD candidate: Merima Musli¢
Mentor/s: Vera Rede, Vesna Maksimovié

Affiliation: Public Educational Entity, Bosnia and Herzegovina

Introduction

Modern researches in the area of technical ma-
terials are directed towards development of
metal matrix composites, where aluminium and
its alloys have wide application. Fly ash parti-
cles, which appear as a side-product of the coal
combustion in thermal plants and present a se-
rious ecological problem, can be incorporated
into these composites as reinforcement. Fly ash
is a low density material that consists of hollow
spherical particles. Previous researches show
that adding a sudden percentage of fly ash into
composite improve its characteristics. In this re-
search Equal Channel Angular Pressing (ECAP)
process will be applied to composite material
based on aluminium and fly ash that has been
primarily casted. During the ECAP process pre-
viously prepared material is extruded through
an L shaped mould cavity. Thereby significant
shear forces and reduction of micro grains occur
in the material deformation zone what causes
improvement of material characteristics.

Aims

The aim of this study is to produce Al based
composite with highest fraction of fly ash, suit-
able for ECAP processing. Physical, mechanical
and tribological characteristics of the obtained
composite will be improved as result of inten-
sive plastic deformation during ECAP process.
Testing results will quantify the influence of fly
ash fraction and deformation degree to compos-
ite characteristics.

Methods

Characterisation of fly ash and initial alloy will
be conducted in first phase. Determination of
the main and side fly ash components will be
executed by an energy dispersive X-ray fluo-
rescence spectrometer (EDXRF method). With
an inductively coupled plasma atomic emission
spectroscopy (ICP-OES method) the content of
the elements in traces will be determined. Min-
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eralogical, morphological and thermal charac-
terisation of the fly ash will also be conducted.
Second phase foresees preparation of castings
with 4, 8 and 12% of fly ash mass content. Sam-
ples with appropriate dimensions will be cut
out from these castings and subjected to ECAP.
Samples will be extruded four times with rota-
tion of 90°. After each pass one sample will be
separated to be used for characterisation. Poros-
ity will be measured on all samples as well as
quantitative and qualitative analysis of micro-
structure by the optical and scanning electron
microscope (SEM). Micro and macro hardness
by Vickers will be measured on all samples.
Tribological properties of the samples will be
determined by testing their resistance to solid
particles (SiC) erosion.

Expected scientific contribution
Quantification of influence of significant plastic
deformation degree at ECAP process and frac-
tion of reinforce to physical, mechanical and tri-
bological characteristics of Al based composite
reinforced with fly ash particles. Development
of Al based composite with addition of fly ash,
primarily obtained by casting process, that has
satisfactorily characteristics for production of
light weight parts.

Acknowledgments

I would like to thank prof. Rede and prof. Mak-
simovi¢ for their expert advice and encourage-
ment troughouth this project.

Keywords
Fly ash, ECAP, Metal Matrix Composites, Im-
provement, Characterisation



PhD Study of Mechanical Engineering, Naval Architecture, Aeronautical Engineering and Metallurgical Engineering

Hardmetals Coated with Plasma Activated Chemical
Vapour Deposition (PACVD) Process

PhD candidate: Matija Sakoman
Mentor/s: Danko Cori¢

Affiliation: University of Zagreb, Faculty of Mechanical Engineering and Naval Architecture, Croatia

Introduction

With daily growth of the world’s industry sci-
entists are faced with continues changes, visi-
ble on product’s diversity, lifetime and quality
demands. As a material for cutting processes
hardmetals (WC-Co) stood out as an optimal
material comparing the price and tool lifetime.
In addition to good base materials, coating tech-
nology is the main way to improve a cutting tool
performance. The area of application for hard-
metal coated materials is expanding on a daily
basis with the development and application of
nano sized powders, as well as the advance-
ments in coating technology. Plasma assisted
chemical vapour deposition (PACVD), a process
never before used for coating hardmetals with
nano grain sizes, with its lower coating temper-
atures shows the potential of being an optimal
process in avoiding microstructural defects in
highly reactive nano hardmetals. From all of the
above and after professional training in Fraun-
hofer IST, a leading institute in coating technol-
ogy, an idea on developing a tool with superior
properties was born.

Aims

The aim of this research is to design and manu-
facture a specially designed tool with superior
tribological and mechanical properties. The us-
age of mentioned technologies is to significantly
reduce the costs of manufacturing by reducing
delays caused with tool change and tool dam-
age.

Methods

Methods used in the research will be theoreti-
cal, experimental, mathematical and statistical.
Theoretical phase is the research of the opti-
mum grain sizes, grain growth inhibitors and
sintering process which combined will allow a
full density process. Experimental phase will
include the powder characterization, consolida-
tion, hardmetal sintering, and optimization of

coating parameters for PACVD process. The sta-
tistical and mathematical analysis will show the
influence of varied factors on a hardmetal prod-
uct, as well as the influence of coating parame-
ters on the final properties of a coated sample. A
successfully sintered product will be coated by
PACVD and the produced coatings will be test-
ed in exploitation tests.

Expected scientific contribution

The research will significantly contribute to the
adoption of new technologies in the field of pow-
der metallurgy and coating processes which
will enable the development of special materials
with specifically designed properties. Activities
within the pHd develop and introduce a combi-
nation of two technologies crucial for the final
properties of hardmetal products. The coating
procedure will enable a unified coating deposi-
tion on complex geometries. The research will
give new insights on compatibility of the ap-
plied coating procedure and powder metallurgy
technology. Results will significantly contribute
to the development and application of hard coat-
ings on hardmetals.

Keywords
hardmetals, sintering, coating, PACVD
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Second Annual PhD Workshop

Development of Early Equipment Life Cycle
Maintenance Strategy Model

PhD candidate: Tomislav Turk
Mentor/s: Dragutin Lisjak
Affiliation: Belupo.d.d., Croatia

Introduction

Developing Maintenance strategy for produc-
tion equipmentis essential work for maintenance
experts. It is necessary to develop adequate, op-
timized Maintenance strategy that fulfils dif-
ferent requirements connected to availability of
the equipment and also to reduce maintenance
costs as much as possible. Since equipment pur-
pose is to produce, any equipment non-available
time period is generating loss of production and
consequent costs. Maintenance strategy usually
defines preventive maintenance activities only
and corrective maintenance activities are not
taken into consideration. To fulfil this gap, it is
necessary to inspect potential failures, analyse
failure consequences due to the costs and con-
nect them to economical part of production —
production costs. One of the methodologies use-
ful to develop optimum maintenance strategy is
RCM (Reliability Centred Maintenance). RCM is
methodology based on Risk assessment through
the application of FMECA (Failure mode, effects
and criticality analysis) which is used to analyse
potential failures. This method is base for de-
veloping maintenance strategy in early phase of
equipment Life cycle. Different authors mostly
use RCM to develop maintenance strategy dur-
ing operational phase usually not taking pro-
duction losses into consideration.

Aims

The main objective is to develop model which
will define optimal Maintenance strategy in the
early phase of equipment life cycle, earlier than
equipment starts to fulfil its function. Using this
Maintenance strategy, high level of production
availability is to be achieved. Spare parts inven-
tory is to minimize downtime. Requirements for
knowledge and skills for maintainer and opera-
tor will be specified.
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Methods

An adapted Failure mode, effects and criticality
analysis (FMECA) is used to analyse potential
failures and with downtime costs.

Expected scientific contribution

Model will, based on FMECA, calculate and
incorporate maintenance costs and production
losses due to the equipment unavailability.
Maintenance strategy will be developed in the
early phase of equipment life cycle.

Keywords

Maintenance, Maintenance Strategy, Reliability
Cen-tered Maintenance (RCM), Failure Mode,
Effects and Criticality Analysis” (FMECA)
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Numerical Formulation of Fluid Structure Interaction
Model Using Geometric Mechanics Approach

PhD candidate: Tomislav Sertic¢
Mentor/s: Zdravko Terze

Affiliation: University of Zagreb, Faculty of Mechanical Engineering and Naval Architecture, Croatia

Introduction

Standard methods to integrate motion equa-
tions are not efficient for systems with big ro-
tations, geometric nonlinearitie, kinematic con-
straints etc. A classic approach to solve this kind
of problems is by utilizing vector spaces which
are linear. Novel approach for integration of mo-
tion equations is by using geometrical approach
which means to integrate differential equations
directly on manifolds. This research analyze
coupling of dynamic fluid excitation with a
structural multibody system based on geometri-
cal approach utilizing Lie SO(3) group.

Aims

Goal of thesis is to develop and implement fluid
— structure numerical model based on geomet-
ric approach using Lie SO(3) group to integrate
equations directly on the manifold. Novel algo-
rithm will provide possibility to include fluid
excitation variables in Lie group and by that
enable more efficient and stable solution finding
of coupled problems. As part of the research it
is expected that novel algorithm will be imple-
mented and tested in the experimental setup.

Methods

The literature review will be made to research
present approaches to solve similar problems,
this will be useful to find out benchmark cases
for newly developed algorithm. After literature
review possibility to couple two phases, struc-
tural system and fluid will be investigated. De-
veloped coupled model will be used to develop
the numerical algorithm utilizing Lie group to
integrate directly on manifolds with possibility
to integrate both phases simultaneously. The
last step of the research will be validation of
developed algorithm based on comparison to
other calculation methods and implementation
to the experimental setup.

Expected scientific contribution
As part of this research it is expected that fol-
lowing contributions will be presented:

e Development of coupled fluid - structure
multibody mathematical model on manifold
using SO(3) Lie group

* Implementation and testing of developed
algorithm inside experimental setup

e Better understanding of motion control pro-
cedures based on developed model

Acknowledgments
The author would like to thank prof. Zdravko
Terze for advice and assistance. Also, I would
like to extend my gratitude to my family and
frends for support.

Keywords

Lie group, Geometric mechanics, SO(3) group,
Fluid-structure interaction.
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Second Annual PhD Workshop

The Development of Methodology to Assess Capability
of a System of Autonomous Agents

PhD candidate: Jelena Cosi¢ Lesi¢ar
Mentor/s: Josip Stepanic

Affiliation: University of Zagreb, Faculty of Mechanical Engineering and Naval Architecture, Croatia

Introduction

The use of systems of autonomous agents cover
numerous applications in a number of activities.
While operating, agents in such systems con-
stantly measure certain parameters related to
their states or to the state of their environment.
A general accompanying characteristic of these
measurements is that they are processed with
statistical limitations in real time. If the ability
of such a system is to be determined empirical-
ly, it is necessary to conduct multiple tests with
time involved and energy consumed. Ability
to assess capabilities of the system would ena-
ble the implementation of the system of auton-
omous agents on a larger number of qualitative
various systems. Ability to assess capabilities
of the system is defined as the ratio of required
and implemented characteristic of system. The
system is deemed competent if the ratio is large
enough. Therefore, the lack of the methodology
for assessing abilities severely suppresses the
possibility of efficient and proper use of a system
of autonomous agents. This research contributes
to the development of a methodology for assess-
ing the capabilities of the system of autonomous
agents. Planned research includes the following
phases: (i) collecting data on existing systems
and defining the statistical distribution param-
eters, (ii) setting the model of a system of auton-
omous agents, (iii) validating the model and (iv)
numerically simulating the action in parameter-
ized environment. The purpose of the research is
to understand the dynamics of system of autono-
mous agents. In other words, the objective is the
development of a methodology that will enable
unique determination of the system capabilities
to perform a predefined action, based on known
or estimated properties of the system’s elements.

Aims

Preliminary research indicates wide applica-
tion of agents in the structured environment.
However, the literature has not been found de-
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termining assessing the capabilities of a system
of autonomous agents. Their current application
comes down to multiple repetitive simple tasks
in familiar, idealized environments. Therefore
the aim of this research is development of a
methodology for assessing the capabilities of a
system of autonomous agents.

Methods

In first part of research the plan is to collect data
on the existing systems of autonomous agents
and compute statistical distribution of the pa-
rameters. According to the statistical parame-
ters further step is development of a theoretical
framework of model of a system of autonomous
agents. Validation of the model will be con-
firmed by analytical solutions. Basis for setup
of simulation model of a system of autonomous
agents will be methods of statistical mechanics
and their probabilistic interpretation. Analytical
and statistical tests will confirm the agreement
of numerical results and analytical solutions.
Comparison of solutions will enable the valida-
tion of system of autonomous agents in all fields
in parameterized environment.

Expected scientific contribution
Expected scientific contribution is development
of a methodology for assessing the capabilities
of a system of autonomous agents.

Keywords

assessing the caassessing the capability of a sys-
tem, measurement, numerical simulations, sys-
tem of autonomous agentspability of a system,
measurement, numerical simulations, system of
autonomous agents
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Development of a CNC System for
Gear Hobbing Machine

PhD candidate: Nikola Cegec
Mentor/s: Tomislav Staroveski
Affiliation: TractorPro d.o.o., Croatia

Introduction

Modern machining systems for spur and helical
gear cutting are commonly based on the 5-axis
machining centers and gear hobbing machines
(GHM). Machining centers are generally more
flexible, even though their application for gear
cutting is somewhat limited compared to the
GHM, due to the differences in their respective
design stiffness. Modern CNC GHM compared
to the conventional GHM have increased pro-
ductivity and are well suited for mass gear pro-
duction. However, such machines are also very
costly and hence, not suitable for small series or
single part production. In such production, fo-
cus is not based on high productivity but rath-
er on the increased machine flexibility and low
setup times.

Aims

Main goal behind this work is to provide a con-
venient solution for small series and single part
gear production by developing a CNC system
suitable for retrofitting a conventional GHM. By
converting a conventional GHM into the CNC
variant, a lower cost solution for such a produc-
tion can be achieved, which is the motivation
for this work. Additionally system is going to be
upgraded with developed tool wear monitoring
model.

Methods

This research is to be conducted in two phases.
In order to realize the proposed research, a suit-
able testbed system has to be developed first.
Such system has to be capable of synchronous
servo control as well as the signal acquisition
and processing in real time. Therefore, synchro-
nization between the main spindle and feed
drives is realized by applying encoder following
drive control mode. Second part of research is
based on experiment in which different cutting
conditions are applied to different materials us-
ing gear hobs with different wear stages. During

the cutting process multiple signals from differ-
ent sensors such as force, current, vibration and
acoustic emission will be continuously record-
ed. After the experimental part has been com-
pleted, signals are to be processed in order to ex-
tract a set of features sensitive to the changes of
the tool wear. Such set of features will be fed to
the different Al based classification algorithms
in order to establish the most robust solution for
the tool wear model.

Expected scientific contribution

The first phase, which has already been com-
pleted includes designing and assembling of
the CNC control system. Basic support software
has also been developed and tested in simula-
tion mode as well as in the idle mode. As the
system has not yet been fully installed on the
testbed, the presented work can be considered
to be in its early stage. However, results of idle
drive motions tested on a number of different
spur and helical gears show that the proposed
system operates within specified requirements.
The project is currently in the stage of hardware
implementation on the testbed. Future research
will be focused on the further development of
the CNC support software and model for tool
wear quantification. The model would be used
for prevention of the tool breakage and possibly
for the adaptive control of gear hobbing process.
Both are of major importance for the develop-
ment of new adaptive mechatronic systems for
gear hobbing.

Acknowledgments

This research is financed and supported by
TractorPro d.o.o. company specialized for small
series and single part high accuracy gears pro-
duction.
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system, Tool wear monitoring
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Second Annual PhD Workshop

Aerodynamic Interference Analysis of Mixed
Close Formation Flight

PhD candidate: Marijan Andri¢
Mentor/s: Milan Vrdoljak
Affiliation: Andel d.o.0., Zagreb, Croatia

Introduction

The benefit of formation flight is well known
and has been studied for considerable amount
of time. Improvement in aerodynamic perfor-
mance has led researchers to investigate how
aircraft in formation can obtain aerodynamic
benefits, which lead to drag reduction and en-
ergy savings. One of the latest flight tests, con-
ducted to investigate potential fuel savings, car-
ried out by NASA, resulted in an average fuel
flow reduction of 10%. Both numerical and ex-
perimental research emphasize the importance
of finding the region of maximum decrease of
induced drag and maintaining it. A mixed close
formation consists of manned and unmanned
vehicle flying in close proximity with stream-
wise separation up to few wingspans.

Aims

In order to investigate close formation flight, a
detailed understanding of the coupling effects
of aerodynamic interference of one vehicle upon
another is required. The aim of this research is
to develop a model of aerodynamic interference
that could be incorporated in real-time or near
real-time simulations. This paper investigates
the effects of aerodynamic interaction between
small Unmanned Aerial Vehicle (UAV) and
small passenger aircraft, with considerably larg-
er wingspan and weight, flying in close forma-
tion.

Methods

From a number of wake vortex modelling tech-
niques that can be used for this purpose, ex-
tended lifting line theory offered acceptable
computational time. The developed method was
implemented, verified and successfully integrat-
ed within Matlab environment. Each aircraft is
represented by its wing, which is replaced by
series of equally spaced horseshoe vortices. The
fuselage, friction drag, compressibility and the
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roll-up of the vortex sheet are note taken into
account.

Expected scientific contribution

The presented theoretical development of the
extended lifting line theory used for this analy-
sis and numerical implementation of the model
demonstrate the benefits and feasibility of such
mixed close formation flight. The model can
accommodate any type of wing geometry and,
since the same technique was used to model
both the leader and the follower, aircraft can ex-
change position during flight.

Keywords
Formation flight, aerodynamic interference, Un-
manned Aerial Vehicle
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Three Hour Storm Seakeeping CFD Simulation

PhD candidate: Inno Gatin
Mentor/s: Hrvoje Jasak

Affiliation: University of Zagreb, Faculty of Mechanical Engineering and Naval Architecture, Croatia

Introduction

Computational Fluid Dynamics (CFD) is getting
more popular for the problems regarding ship
seakeeping. The conventional methods based
on potential flow theory are quick and accurate
in most cases, but cannot asses extreme wave
loading and added resistance due to waves. The
three hour storm seakeeping simulation is a de-
terministic method were a specific realization
of wave spectrum tthat corresponds to heavy
conditions is imposed to asses ship response.
CFD based on full form of the Navier-Stokes
equations for incompressible two phase flow
can capture nonlinear free surface effects in
addition to viscous, turbulent and vorticity ef-
fects. The down side of CFD are the large re-
quired CPU resources, which usually prohibit
simulating three hour of real time. The CFD
code foam-extend with Naval Hydro pack al-
lows rapid simulations enabled by advanced
methods for wave propagation, free surface
boundary condition treatment and rigid body
motion-fluid flow coupling. In this work an ex-
ample full scale three hour storm seakeeping
simulation is shown for DTC (Duisburg Test
Case) ship.

Aims

The aims of this work is to investigate the pos-
sibility and advantages of the CFD method for
calculating extreme wave loads as a comple-
ment to the potential flow based methods.

Methods

A Finite Vlume (FV) based CFD method is used
in the open source software foam-extend, with
arbitrary polyhedral cell support. k-co SST mod-
el is used for turbulence modelling, while Lev-
el Set (LS) method with implicit redistancing is
used for interface capturing. Ghost Fluid Meth-
od (GFM) is used to implicitly account for the
pressure gradient and density jump across the
interface, removing spurious air velocities prob-
lems. SWENSE (Spectral Wave Explicit Navi-

er-Stokes Equations) method is used for solution
decomposition, allowing explicit propagation of
incident wave field.

Expected scientific contribution

The work is suppose to demonstrate to which
degree are the modern CFD methods applica-
ble to long seakeeping simulations needed in
industry. The application of CFD for these kind
of calculations would increase the accuracy of
extreme seakeeping predictions.

Keywords

Seakeeping, Three Hour Storm, CFD, foam-ex-
tend
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Second Annual PhD Workshop

Harmonic Balance Method for Turbomachinery Applications

PhD candidate: Gregor Cvijeti¢
Mentor/s: Hrvoje Jasak

Affiliation: University of Zagreb, Faculty of Mechanical Engineering and Naval Architecture, Croatia

Introduction

Harmonic Balance method for non--linear, tem-
porally--periodic incompressible flows is pre-
sented in this work. Assumption of a time pe-
riodic flow allows us to formulate 2n+1 coupled
steady state problems using Fourier series ex-
pansion. By solving 2n+1 steady state problems,
we obtain a flow field with transient effects.
Fourier series expansion is the core of the Har-
monic Balance method, therefore the accuracy
of the method depends on the number of spec-
ified harmonics, n. Moreover, the accuracy of
the method also depends on the periodic nature
of the problem. The Harmonic Balance method
will be presented on turbomachinery test cases
and compared to conventional steady-state and
transient solvers.

Aims

The method was previously successfully vali-
dated and verified on pitching airfoil and pitch-
ing wing test cases. Its applications will now be
further extended to include moving mesh and
multiple frequencies, and presented on tur-
bomachinery cases. Harmonic Balance results
will first be compared against conventional
steady state solver using Multiple Reference
Frame (MRF) approach. Head, efficiency and
power will be compared, as well as the flow field
details at specific locations of interest. Addition-
ally, Harmonic Balance method will be com-
pared against conventional transient solver, dis-
cussing the accuracy and simulation speed—up.

Methods

The accuracy and simulation speed-up of the
Harmonic Balance method will be presented for
the well established 2D ERCOFTAC centrifugal
pump geometry. Steady-state solution with MRF
and transient solution will be compared against
several Harmonic Balance solutions with differ-
ent number of harmonics used. Higher number
of harmonics used provide more accurate solu-
tion but yield longer simulation time. The im-
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plementation is carried out in a second--order
accurate, polyhedral Finite Volume framework
developed within foam--extend, a community
driven fork of the OpenFOAM toolkit.

Expected scientific contribution

The Harmonic Balance method should provide
an efficient compromise between accuracy and
efficiency as it is capable of capturing transient
flow features, while still providing a significant
CPU time decrease. Steady state methods lack
transient effects, but provide reasonable CPU
time savings. On the other hand, transient simu-
lations usually require unacceptably large com-
putational resources in order to achieve periodic
steady—state solution.

Keywords
Harmonic Balance, periodic flow, turbomachin-
ery, CFD, Fourier series
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Hemocompatibility of Bladeless Centrifugal Heart Pump

PhD candidate: Vedrana Markucic¢
Mentor/s: Mario Savar

Affiliation: University of Zagreb, Faculty of Mechanical Engineering and Naval Architecture, Croatia

Introduction

In recent years, ventricular assist devices (VAD)
and total artificial hearts (TAH) had become un-
rivalled tools for replacing a failed heart. Heart
pumps are typically used to bridge the time to
heart transplantation, or to permanently re-
place the heart in case heart transplantation is
impossible.Through previous development and
implementation, it was observed that pumps
with continuous-flow output cause less blood
damage and have superior properties than vol-
umetric pumps with pulsating output. Further
research aims to improve pump design in order
to achieve greater hemocompatibility.

Aims

Aim of the research is to develop bladeless cen-
trifugal pump design for total artificial heart by
adaptation of principles of Tesla pump. It is ex-
pected that new bladeless centrifugal pump will
cause less shear stress, as the flow is created due
to adhesive and cohesive forces, without impact
of blood cells on rigid blade surfaces. This will
enable greater hemocompatibility.Study will
research the physics of flow within the blade-
less centrifugal pump, and influence of design
parameters on the blood flow and pump hemo-
compatibility. Design parameters are pump
head and flow, internal and external disc diame-
ter, amount and distance of discs, angular veloc-
ity and housing geometry. Base criteria in heart
pump development are pump head and flow.
For the base criteria it is necessary to develop
blood pump of acceptable hemocompatibility.
Indicators of hemocompatibility are: leukocyte
and erythrocyte damage (hemolysis) as well as
thrombosis. Additional important factors are
that heart pump can fit a body of small stature
and has high performance, high durability, an-
atomical fitting, better hemocompatibility and
physiological control.

Methods

Bladeless centrifugal heart pump design is
based on turbomachinery theories and applying
CFD methods. Hydrodynamic flow parameters
will be calculated using k — & turbulence model.
Values of shear stress and stagnation zones, as
well as blood recirculation zones will be calcu-
lated in order to develop blood pump of great-
er hemocompatibility. For a series of numerical
simulations with defined pump head and flow,
maximal hemocompatibility will be found by
varying outer disc diameter, amount and dis-
tance of discs, angular speed and housing ge-
ometry.Experimental measurements will be
performed using mock circulatory system with
water and solution of water and glycerol (blood
substitute) for the calculated maximum hemo-
compatibility pump design. Results of numeri-
cal simulation will be verified by comparison of
measured and calculated pump head and flow.

Expected scientific contribution

Research and development of the bladeless cen-
trifugal blood pump will be done numerically
and experimentally. Impact of design param-
eters on hemocompatibility will be defined in
order to reduce overall blood damage caused
by heart pump. Up to date, volumetric blood
pumps with diaphragm and pulsating output
were developed, as well as bladed centrifugal
blood pumps with continuous output. In the
previously developed heart pumps mechani-
cal energy was transferred by shape (blades or
diaphragm), therefore using bladeless pump as
heart pump is complete novelty.

Keywords

Centrifugal heart pump, bladeless, Computa-
tional Fluid Dynamics, hemocompatibility

Page 19






FINAL PHD TOPICS






PhD Study of Mechanical Engineering, Naval Architecture, Aeronautical Engineering and Metallurgical Engineering

Decomposition CFD Model for Marine Hydrodynamics

PhD candidate: Vuko Vukdevic
Mentor/s: Hrvoje Jasak

Affiliation: University of Zagreb, Faculty of Mechanical Engineering and Naval Architecture, Croatia

Introduction

Due to immense increase in computational re-
sources during the past two decades, the Com-
putational Fluid Dynamics (CFD) is becoming
an important and inevitable tool for marine hy-
drodynamics. A large portion of marine hydro-
dynamic flows comes from wave structure inter-
action where the solution is often sought in time
domain. In potential flow models, the wave sys-
tems are often described with analytical expres-
sions (Green functions), whereas in CFD models
relying on Navier — Stokes equations, the wave
systems are presented purely numerically, hin-
dering wave propagation in a CFD domain. A
decomposition model is proposed in this work
where the fully non — linear, two — phase and
turbulent perturbation around an explicit and
less accurate potential flow model is solved.

Methods

The numerical model is based on existing solu-
tion decomposition framework via Spectral
Wave Explicit Navier — Stokes Equations, where
the perturbation around a potential flow solu-
tion is solved. Explicit treatment of incident
wave allows efficient introduction of wave sys-
tems in the CFD domain. The implicit relaxa-
tion zones are used to prevent undesired wave
reflection off far — field boundaries by forcing
the perturbation components to vanish. The im-
plicitly redistanced Level Set method is used for
interface capturing, where the signed distance
field is directly used for second — order accurate
discretisation of pressure and density jump con-
ditions at the free surface via the Ghost Fluid
Method. Hence, an infinitesimally sharp jump
(discontinuity) of dynamic pressure and density
is correctly achieved in the present numerical
framework. The numerical framework is im-
plemented in foam — extend - 3.2, a communi-
ty driven fork of the OpenFOAM open source
software.

Preliminary results

The method has been recently thoroughly val-
idated regarding seakeeeping of a Kriso Con-
tainer Ship model in head and oblique waves at
design Froude number and high Brard numbers,
comparing the CFD results with experimen-
tal measurements. Furthermore, the numerical
framework has been verified by performing var-
ious sensitivity studies and assessing numerical
uncertainties regarding time step size, grid res-
olution and hydro — mechanical (fluid flow — 6
Degrees of Freedom) coupling.

Discussion

The validation and verification proved that the
present numerical model is highly suitable for
seakeeping simulations, providing accurate re-
sults. An optimized performance test revealed
the possibility of hull shape optimisation with
respect to added resistance in waves since the
required CPU time is extremely low (one minute
per encounter period on a 56 cores cluster).

Keywords

Solution and Domain Decomposition, Implicit-
ly Redistanced Level Set, Ghost Fluid Method,
OpenFOAM, Seakeeping
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Identification of the Low-Temperature Heat
Release in the Experimental Sl Engine

PhD candidate: Mladen Bozi¢
Mentor/s: Zoran Luli¢

Affiliation: University of Zagreb, Faculty of Mechanical Engineering and Naval Architecture, Croatia

Introduction

To achieve better brake specific fuel consump-
tion (BSFC) in SI engines, compression ratio is
raised, but it is limited with engine knock. Dif-
ferent strategies are used to avoid engine knock
phenomena, and one of them is the application
of the exhaust gas recirculation system (EGR).
Understanding of the knock phenomena by
identification of combustion parameters like
Rate of Heat Release (ROHR) and characteriza-
tion of the EGR through experiments represents
the motivation for this research. The aim of this
research was data acquisition on the experimen-
tal setup, required for research of combustion
parameters such as Low-Temperature Heat Re-
lease (LTHR) on the engine knock occurrence.
On the basis of experimental results conclusions
that will lead to suggestions for upgrade of en-
gine control management are expected.

Methods

The main method is based on the research on the
experimental engine setup. For experimental
research single-cylinder SI CI Engine coupled
with AC Dyno is used. Furthermore, the test-
bed is upgraded with in-cylinder pressure and
engine positioning measurement (AVL Indis-
mart), in-house developed software for regula-
tion of the IC Engine (via National Instruments
equipment) and AC Dyno control (via Siemens
equipment). Data acquired on the experimental
setup is further processed to obtain results of
Low-Temperature Heat Release.

Preliminary results

During some preliminary tests performed with
an experimental single cylinder engine, strong
tendency to knock occurrence was observed, but
was preceded by the appearance of low-temper-
ature heat release in the bulk charge even before
the spark discharge. The tests were performed
on a diesel Engine Hatz 1D81Z that is converted
to SI operation with compression ratio 12.
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Discussion

It is expected that that better understanding of
the knock phenomena by identification of com-
bustion parameters through experiments will
result in scientific contribution of this research.
Research of the LTHR influence on the IC Engine
combustion process gives important develop-
ment solutions through numerical simulations.
These solutions are to be validated through ex-
perimental testing on the engine testbed.

Acknowledgments

Due to the requirements for reduction of CO2
emission (fuel consumption) and meeting the
limit values for pollutant emissions, the ob-
jective in IC engine is to keep the engine op-
erating point at high load. On the other hand,
because of the high load and high charging
pressure the tendency of engine to knock oc-
currence increases.

Keywords
Experimental setup, Combustion, SI IC Engine,
En-gine knock, LTHR
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Experimental Testing of the HCCI Engine

PhD candidate: Ante Vucetic¢
Mentor/s: Zoran Luli¢

Affiliation: University of Zagreb, Faculty of Mechanical Engineering and Naval Architecture, Croatia

Introduction

Legal limits for permissible values of pollutants
from internal combustion engines are constant-
ly reduced. In order to reduce air pollution and
to achieve these limits, new combustion process-
es in engine cylinder are constantly developing.
One of these processes is HCCI (Homogeneous
Charge Combustion Ignition). HCCI engine has
the advantage of lower emissions of nitrogen
oxides (NOy) and particulate matter (PM), and
at the same time high efficiency. An additional
benefit of HCCI engine is the ability to work
with a variety of fuels, which is particularly
interesting when using energy from renewable
sources such as biofuels in liquid or gaseous
state. In addition to these advantages, the main
disadvantage is difficulty to control the combus-
tion process which is the main reason for a lack
of implementation of the HCCI engine in com-
mercial purposes.

Methods

In the Laboratory for IC Engines and Motor Ve-
hicles of the FMENA, an experimental setup for
IC engine testing is developed. Experimental
engine is made by modifying single cylinder
diesel engine. Experimental engine after minor
modifications can operate in spark ignition (SI),
and in HCCI mode. The experimental setup al-
lows measurement and acquisition of various
values that can be divided into two groups. The
first group of data indicates combustion process
quality in the engine cylinder, e.g. indicated
mean effective pressure (IMEP), the rate of heat
release (ROHR), etc. while the second group
of data determines basic characteristics of the
IC engine such as torque, power, specific fuel
consumption and NOy emissions. In this study,
HCCI engine is propelled by gasoline fuel EU-
ROSUPER BS 95 (RON 95).

Preliminary results
By reviewing the literature, it can be concluded
that the HCCI engine management is not a sim-

ple task. To analyse the combustion processes
in the engine cylinder, experimental testing of
the HCCI engine was required. Main goal was
to determine the influence of air to fuel mixture
and intake air temperature on the engine indi-
cated mean effective pressure, the rate of heat
release, ringing intensity, NOy emissions, torque
and power of the engine.

Discussion

Due to the positive characteristics of HCCI en-
gine in terms of reducing emissions of pollut-
ants, further development of this engine can be
considered very useful. If the HCCI engine is
propelled with fuels obtained from renewable
energy source the positive impact to the envi-
ronment is even greater. It is expected to deter-
mine the working parameters of the HCCI en-
gine and ability for the engine to work in wide
range of loads, which means a larger range of
engine applications.
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Introduction

This study presents the effect of injection pres-
sure, pilot fuel mass (diesel fuel) and direct in-
jector nozzle number on dual fuel combustion
process. A part of the presented results (effect
of injection pressure and pilot fuel mass) were
obtained experimentally on a 2 liter VW Jetta
engine that was modified to work in a dual fuel
mode. As it is difficult to study various combus-
tion aspects experimentally, the effect of direct
injector nozzle number was studied numerically
with a newly developed 0-D dual fuel combus-
tion model.

Methods

In order to achieve the defined objectives of this
work, it was necessary to carry out several activ-
ities. Hence, this work can be divided into two
basic parts. The first part includes the modifica-
tion of the existing 2 liter Diesel engine to oper-
ate in a dual fuel mode. The second part refers
development of 0-D dual fuel combustion model
within the AVL cycle-simulation software.

Preliminary results

The experimentally and numerically obtained
results clearly show that the assessed engine
operating parameters have a profound impact
on dual fuel combustion process. Injection pres-
sure not only changes the start of combustion,
but it also has an effect on the combustion rate.
The change in pilot fuel mass also has an impact
on the start of combustion and combustion rate.
Numerically obtained results indicate that the
change in nozzle number changes the number
of flames that propagate through the combus-
tion chamber, thus changing the overall flame
surface and rate of heat release.

Discussion

As indicated in the previous section (“Prelimi-
nary Results”), all assessed operating parame-
ters profoundly affect the dual fuel combustion
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process. Some of them affected the process in
and expected way (pilot fuel mass). In this case
as the pilot fuel mass increased, start of combus-
tion was advanced and combustion rate actually
increased. The increase in the injection pressure
on the other hand caused the retard in the start
of combustion moment and decrease in the com-
bustion rate due to better mixing between the
pilot fuel and surrounding fresh charge. Noz-
zle number change showed the trend that was
expected, however it was interesting to notice
that as the number of nozzles increases, the ef-
fect of nozzle number increase on rate of heat re-
lease decreases. Overall this study also showed
that not all important engine parameters can
be studied experimentally, and that there is a
clear demand for the development of physically
based, fast combustion models.
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Introduction

A new method of determining an optimal heat
recovery steam generator (HRSG) heat exchang-
ers layout and its operating parameters using
water and ORC as working fluids is presented
in this work. A robust mathematical model is
developed where an arbitrary steam pressure
levels and steam reheater levels can be set up.

Methods

Heat exchangers are designed in form of a heat
exchanger network. In direction of a flue gas
stream there are an arbitrary series of heat ex-
changers that represent different steam pres-
sure levels or steam reheaters levels. This set
up enables paralel arrangement of any two or
more heat exchangers belonging to different
steam pressure levels or reheating levels. The
size of individual heat exchanger is determined
by specifying its enthalpy increment. Using ge-
netic algorithm as an optimization technique,
where optimization variable are heat exchanger
surfaces, steam pressures and steam flows, it is
possible to obtain both an optimal HRSG heat
exchangers layout as well as the optimal oper-
ating parameters. The specificity of the method
is the fact that it covers all the possible heat ex-
changer layouts, both in serial and parallel heat
exchanger position between different steam
pressure levels or steam reheater levels. In this
work the maximum thermodynamic efficiency
of the steam turbine cycle was set as the objec-
tive function.

Preliminary results

The calculation results for double steam pres-
sure level HRSG’s, with and without reheating,
are presented. The results show that the optimal
working fluids are acetone, R11 and R123 regard-
less flue gas inlet temperature. Also, thermody-
namic efficiency rises as flue gas input tempera-
ture rises. Biggest difference in thermodynamic
efficiency between ORC and water as working

fluid in second pressure level is at lower flue gas
inlet temperatures.

Discussion

Results have shown that by using HRSG with
possibility of generating serial and parallel heat
exchanger network layout and by using organic
fluids in lower pressure levels of combined cycle
power plant greater thermodynamic efficiency
can be achieved.

Keywords
Bottom cycle, Rankine, ORC, HRSG
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Introduction

Different environmental regulations impose ever
stringent limitations on flue gas emissions from in-
dustry and transport as a part of the air pollution
and global warming problem solution and with it
connected climate changes. Fossil fuel combustion
emissions are influenced by the quality of mix-
ing process between combustion air and fuel and
flue gas aftertreatment system efficiency. From the
above it is clear that the industry and transport are
facing major challenges which can be only met by
the development of new and more efficient sys-
tems using advanced tools for product develop-
ment, one of which is computational fluid dynam-
ics. This research is going to address three differ-
ent areas all of which could be found within differ-
ent industrial applications - liquid film rupturing,
multicomponent liquid film evaporation and urea
deposit formation and its chemical kinetics.

Methods

This work will numerically describe liquid wall
film phenomena through further upgrade of the
existing mathematical framework based on the
conservation laws of physical quantities. With-
in the commercial software package for compu-
tational fluid dynamics based on the method of
control volume which will be used for research,
spray droplets are described using the Lagran-
gian formulation, whilst the gaseous phase and
wall film are solved by the Eulerian formulation.
Developed mathematical models are going to be
implemented by employing FORTRAN-based us-
er functions that are connected to the main solver.
It is expected that this research will define models
for liquid wall film rupturing, multicomponent
evaporation and chemical kinetics of urea depos-
its. After coding and implementation of all us-
er functions, validation simulations are defined.
They include generation of computational mesh,
setting of initial and boundary conditions and se-
lection of the appropriate differencing schemes
and other relevant parameters of the solver.
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Preliminary results

Verification of the film rupturing criterion was
obtained through qualitative check of cell po-
sition where separation occurred and through
manual calculation of separation criterion for ac-
tivated cells. Urea thermal decomposition model
was implemented in commercial CFD code and
tested on the experiment where biuret was heat-
ed up in a test tube from room temperature with a
heat rate of 2 K/minute. The validation of the mul-
ticomponent evaporation model was performed
on two experimental set-ups, namely evapora-
tion of two component liquid mixture in quies-
cent environment and strongly turbulent air flow
conditions over the multicomponent film surface
in the narrow gap (3.9 mm). Implemented model
qualitatively captures behavior of liquid compo-
nents in quiescent case but the evaporation rate
is underestimated, whilst the evaporation in nar-
row gap case is satisfactorily described.

Discussion

The developed numerical framework in the area
of liquid wall films has been proved to be suf-
ficiently accurate on the series of selected val-
idation cases and can be used as a tool in the
modern development process of various indus-
trial devices. Recommendation for future work
should entail employing more detailed descrip-
tion of liquid wall film temperature and compo-
sition and its comparison versus currently de-
veloped model in terms of result’s accuracy and
computational demands.
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Introduction

Computational fluid dynamics (CFD) tools are
regularly used for complex, coupled and non-lin-
ear heat and mass transfer problems. With the
development of modern computers and acces-
sibility of High-Performance Computing (HPC)
clusters with substantial memory resources,
early compromises in the concept of simulation
tools can be revisited. The system of equations
is usually dominated by inter-equation coupling
terms. Most algorithms use conventional segre-
gated approach and solve the equations sequen-
tially. New solution techniques rely on lineari-
sation of inter-equation coupling and solution
in an implicit coupled manner. The benefits of
the coupled approach are significant reduction
in time-to-solution and numerical stability of
the algorithm, but at a cost of increased memory
usage.

Methods

PISO and SIMPLE are still most widely used al-
gorithms for solving Navier-Stokes equations.
These algorithms solve the inter-equation cou-
pling in a segregated manner, which means
solving the momentum equation with wrong
values of pressure and solving the continuity
(pressure) equation with non-conservative val-
ues of velocity. The decoupling of these linearly
dependent variables causes slow convergence.
The new pressure-velocity coupled algorithm
based on the finite volume method solves the
equations simultaneously: the equations are
written in a single matrix. The unknown for
each cell becomes a vector whose components
are the three directions of velocity and pressure.
The matrix of the coupled system is most effi-
ciently solved by employing algebraic multigrid
and Krylov subspace methods.

Preliminary results

The coupled solver was validated for several
test cases. The results of the calculation of flow
around racing car aerodynamics coincide with

the experimental data well. The performance
of the solver was compared for calculations of
flow through centrifugal pumps, engine cooling
and turbine blade passages. The most notable
advantage compared to the segregated solver is
no need for underrelaxation of the pressure and
very high underrelaxation factors for velocity
(>0.9). The solver is more stable and converges
in less iterations. However, the spectral analy-
sis of the matrix has shown that the matrix is
ill-conditioned and it requires development of
appropriate preconditioners and linear solvers.

Discussion

The coupled solver performs better than the
segregated due to the characteristics of the Na-
vier-Stokes equations. The connection between
velocity and pressure is linear, thus, it’s possible
to write the equations into a single matrix. The
non-linear connection between velocity com-
ponents must be linearised and thus the veloc-
ity needs to be underrelaxed. The matrix of the
coupled system is ill-conditioned and is not di-
agonally dominant which causes the slow con-
vergence of the multigrid methods which use
conventional iterative solvers as smoothers. The
Krylov subspace methods which are general-
ized for indefinite matrices, such as the biconju-
gate gradient stabilised method, converge fast-
er compared to the multigrid methods. Future
work includes development of new linear solv-
ers and preconditioners for the coupled system.

Keywords
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Introduction

The contemporary energy system is faced with
new challenges on the energy market. Both
the rising share of renewable-based electricity
(characterised by intermittent production) and
increasing energy efficiency in buildings induce
a reconsideration of the traditional role of con-
ventional power plants coupled with district
heating systems along with its impact on the
energy system. Moreover, the price of electrici-
ty determined by the merit-order system addi-
tionally decreases the load factor of such plants,
making them less competitive or even inflicting
financial loss in operation.

Methods

Research presented in this paper focuses on
a novel approach towards conventional CHP
plants coupled with district heating systems. It
involves an analysis of dynamical performances
of the district heating system — capability of en-
ergy accumulation and thermal inertia —in order
to assess its potential to become part of ancillary
services. A comprehensive analysis of dynam-
ic behaviour of the district heating system has
been performed by means of a mathematical
model developed as a part of this research. The
model is implemented on a theoretical case con-
sisting of a simplified district heating system
with three final users and the pipeline network
of 9000 m in length.

Preliminary results

It is concluded that the district heating system,
i.e. network of pipelines can be considered a
dynamical thermal energy storage in which
excess energy can be stored during operation
of the power plant (CHP). The simulation has
shown that the storage capacity of the network
depends on the thermal load in the network
and in such circumstances specific thermal ca-
pacity of the network amounts to 10,1 Wh/(Km).
Moreover, the thermal capacity of the network
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increases as the pipeline length declines which
is characteristic of densely populated areas. The
capability of energy accumulation is explored
for different parameters, such as: external tem-
perature, distance of the network, supply water
temperature etc.

Discussion

The operation strategy of the district heating
system has a significant impact on the way these
systems coupled with CHP plants can be uti-
lized in contemporary energy system. The ther-
mal energy storages enable more flexible opera-
tion strategy of CHP plants, i.e. with integrated
thermal storages it is possible to gain additional
profit on the energy market. It is shown that the
district heating system can be deployed as the
dynamical thermal storage. The amount of heat,
i.e. energy that can be stored within the pipeline
network depends on several factors. The most
important ones are the heat demand of the final
users, the length and diameter of the pipeline.
By decreasing the heat demand the decrease in
the accumulated heat is noticed as well. Moreo-
ver, it can be stated that the farther away from
the source of disturbance the final users are sit-
uated, the greater amount of accumulated heat
can be used to compensate for heat reduction
from CHP plant.
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Introduction

Friction and lubrication are important factors in
metal forming processes. Unoptimised friction-
al parameters can cause lower productivity of
manufacturing machinery and deteriorate sur-
face quality of the final product. Optimised fric-
tional parameters are, in most cases, achieved
by controlled lubrication of contact between
product and forming machine. Lubricant and
contact surfaces experience high pressures with
temperature and velocity variations. Due to
these effects both material and lubricant prop-
erties are changing, which can have significant
influence on the shape and quality of the final
product. Numerical modelling of metal forming
processes reduces time and cost of the physical
experiments required when a new type of metal
product is introduced into production. This the-
sis deals with numerical modelling of lubricated
contact between two surfaces during wire roll-
ing and drawing processes using Finite Volume
Method and OpenFOAM software.

Methods

Lubricated contact between surfaces in relative
motion can be divided into three regimes: hy-
drodynamic, mixed and boundary lubrication
regime. In mixed and boundary lubrication
regime contact pressure is shared between
asperities in contact and lubricant. Due to dif-
ferent lubrication regimes both solid-solid and
solid-fluid contact models are formulated, im-
plemented and coupled in order to give a good
representation of all lubrication regimes. For
solid-solid  contact Greenwood-Williamson
model is implemented. GW model is based on
the Hertzian theory where asperities are consid-
ered hemispheres with elastic deformation. Av-
erage Reynolds equation is used to calculate hy-
drodynamic lubricant pressure and shear stress.
Hydrodynamic and asperity contact pressures
(and shear stresses) are coupled together over
contact area ratio into total pressures (and total

shear stresses) on the contact surface. Average
Reynolds equation is discretised using Finite
Area Method. Contact model is implemented as
a boundary condition in numerical package for
metal forming, developed in collaboration be-
tween Bekaert, UCD Dublin and UNIZAG FSB,
based on OpenFOAM software.

Preliminary results

Preliminary results show significant depend-
ence of hydrodynamic pressure on lubricant
viscosity and surface velocities during sheet
rolling simulations. With increasing lubricant
viscosity from 0.5 to 2 Pas, maximum hydrody-
namic pressure increases by 400%. With increas-
ing roller speed from 60 to 120 RPM, hydrody-
namic pressure increases by 310%. Maximum
asperity contact pressure also increases with
roller speed.

Discussion

Since hydrodynamic pressure shows significant
dependence on lubricant viscosity, implementa-
tion of lubricant property models is required for
density, viscosity and heat conduction. Contact
heat transfer model will be implemented. Sol-
id-solid contact model will be expanded with
elasto-plastic asperity deformation algorithm.
Lubricant cavitation effects need to be investi-
gated. Implemented models need detailed vali-
dation and verification.
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Page 31



Second Annual PhD Workshop

Dynamic Performance Enhancement of High
Temperature Latent Heat Storage

PhD candidate: Ante Marusic
Mentor/s: Drazen Loncar

Affiliation: University of Zagreb, Faculty of Mechanical Engineering and Naval Architecture, Croatia

Introduction

100% renewable energy systems cannot be re-
alized without large energy storages. Energy
storages are divided on electric and heat stor-
ages while heat storages can further be divided
on sensible heat and latent heat storages. Fo-
cus of this paper is on high-temperature latent
storages, also known as Phase Change Mate-
rials (PCM) storages. High-temperature PCM
is well known technology, which has not seen
wider use due to the some inherent weakness-
es (corrosion, low thermal conductivity, price,
etc.).,Although relatively high number of differ-
ent high-temperature PCM materials is recom-
mended in various literature, mostly including
different inorganic salts and eutectic salts, very
few were actually used and can provide some
experimental or real application data. In this
paper new mathematical model of heat transfer
and phase change inside of high-temperature
PCM is developed and verified with experimen-
tal results. Obtained results are than used for
the systematic storage geometry improvement
with a goal of improving overall performances
of heat exchange. While most of the focus will
be on one specific PCM (NaNO;) other PCMs
will also be considered.

Methods

The base of this research is comprehensive
mathematical model of PCM behavior. Both 2D
and 3D models will be used. Because high-tem-
perature PCM modeling is relatively new field
of research there is significant lack of reliable
input parameters (material properties such as
heat conductivity, viscosity etc). Furthermore,
amount of experimental data that can be used
for model validation is scarce. Therefore, a num-
ber of experiments will be made to confirm ma-
terial properties and validate model. Since sim-
ulation of charging and discharging processes
require high processor resources, especially in
case of 3D models it is necessary to reduce the
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number of simulation runs. Therefore statistical
methods (such as Taguchi methods, RSM and
others) will be used for design improvement.

Preliminary results

Two different mathematical models of PCM
melting and solidification were developed. First
one is without convection modeling and second
one with convection. So far models were vali-
dated using experimental data in a form of the
one point temperature available in literature.
Models comparison has shown that convection
model is better, especially during melting when
more of 60% material is melted. During solidifi-
cation process, differences between models are
very small, but the results from the model with
convection still have better correlation with ex-
perimental ones. However processor time nec-
essary for the second model is two orders of
magnitude higher.

Discussion

As it is shown in literature, the dominant heat
transfer mechanism during the melting pro-
cess is convection, while the solidification is
dominated by conduction. Since PCM storage
bottleneck is the low heat conductivity in solid
state, some models for simplicity disregard con-
vection. Nevertheless preliminary results show
that differences can be significant and of crucial
importance for the complex geometry heat ex-
changers design. Differences in results are even
more distinctive in cases where solidification
occurs after partial melting.
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Introduction

Low enthalpy geothermal energy is a renew-
able energy source that cannot be utilized di-
rectly for cooling or heating due to its inappro-
priate temperature level; therefore heat pump
systems coupled to the ground heat exchangers
are used. The long-term performance of sys-
tem is dependent on the thermal balance be-
tween the heat extraction and injection into the
ground, while the rate of heat transfer is limit-
ed by ground and borehole thermal properties.
Heterogeneous underground, with vertically
distributed properties, cause varying heat ex-
change rate along the borehole heat exchanger
during operation and influence the temperature
distribution in the underground. Aim of this
research is development of model of the heat
pump coupled to the borehole heat exchang-
er in stratified ground with different thermal
properties. Hence, characterization of influence
of vertical variability of ground thermal prop-
erties on efficiency of geothermal heat pump
system and resulting temperature field around
borehole is possible.

Methods

Research comprises of experimental investiga-
tion and simulation of system for analysis of
influential parameters. Temperature changes
inside and outside of the borehole are monitored
by application of distributed temperature meas-
urements. Borehole heat exchanger equipped
with fiber optic sensors is installed and coupled
to the propane heat pump used for conditioning
of the two computer classrooms. Relevant pa-
rameters are monitored, including temperatures
and heat flows of hydraulic system, propane
cycle pressure and temperature together with
electricity consumption of all components. Men-
tioned set up enables calculation of real season-
al performance factor (SPF) and development of
the model of heat pump and borehole heat ex-
changer in stratified underground.

Preliminary results

Determination of composition and thermal
properties of the underground are made. Dis-
tribution of thermal conductivity and borehole
resistance is obtained by distributed thermal re-
sponse test (TRT), as is the undisturbed ground
temperature and geothermal gradient on loca-
tion. Initial measurements are used for optimi-
zation of heat pump system performance. Daily
monitoring results in cooling mode show the in-
fluence of underground disturbed temperature
profile on the heat pump efficiency.

Discussion

In literature, vertical variability of ground ther-
mal properties have been investigated in terms
of its influence on procedure for determination
of effective thermal properties. Based on the re-
sults obtained by distributed TRT, modelling of
stratified underground as heat sink and source
is possible. When coupled to the heat pump
model, based on the experimental monitoring of
the system in use, influence of the vertical varia-
bility of ground thermal properties on resulting
efficiency of geothermal heat pump system can
be observed. Model will be used for simulations
to analyze effect of different parameters of bore-
hole heat exchanger design on the resulting tem-
perature field inside and outside of the borehole
and to develop strategies for the efficient system
operation when unbalanced use of geothermal
energy is dominated by the cooling needs of
conditioned area.
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Introduction

Highly efficient cogeneration and district heat-
ing and cooling systems have a significant po-
tential for primary energy savings and CO2
emission reduction which are still highly un-
derutilized in most European countries. They
also play a key role in future energy systems
planning due to the increase in the utilization of
waste and renewable heat that they can enable.
The flexibility they can provide, especially when
heat storage systems and power to heat technol-
ogies are used, can also have a very positive im-
pact on the increase of utilized intermittent re-
newable energy sources, for example wind and
solar in the power sector. Such an integration of
the heating, cooling and power sectors can, if
designed correctly, increase the overall utiliza-
tion of renewables, reduce the energy costs and
CO2 emissions and help increase the security of
energy supply in the overall energy system.

Methods

In order to ensure optimal levels of district heat-
ing penetration into an energy system a compre-
hensive analysis is necessary to determine the
actual heating demands as well as the potential
energy supply from waste and renewable sourc-
es. The goal of this work is to utilize a combi-
nation of hourly heat demand modelling, geo-
referenced heat demand and supply mapping
and energy planning to determine economical-
ly feasible limits of district heating utilization
from the perspective of an energy system as a
whole. The heat demand mapping has been per-
formed using ArcGIS and the energy planning
using EnergyPLAN on a case study for the city
of Velika Gorica.

Preliminary results

The preliminary results preformed in the frame-
work of this research have shown that the inte-
gration of district heating in a combination with
power to heat technologies has the potential to
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increase wind and PV shares in the power sector
of the observed energy system as well as the po-
tential to reduce primary energy consumption,
and with that increase the security of supply, as
well as reduce greenhouse gas emissions. Pre-
liminary heating and cooling demand maps
have also been created and validated.

Discussion

It is crucial to determine the overall economic
benefit of a high level of utilization of district
heating from an overall system perspective
when power to heat technologies are utilized
since they present a connection of the power
and the heating and cooling sectors. The demon-
strated heating and cooling demand maps as
well as scenario analyses can greatly help in
these evaluations.
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Introduction

The Republic of Croatia encourages penetration
of renewable energy sources (RES) into the pow-
er system, in order to reduce pollution, encour-
age the exploitation of its own natural resources
and to achieve the independence of the energy
sector. In accordance with the above, this re-
search will be carried out in the field of energy
planning for the selected Dubrovnik region. The
plan is to provide energy plan models by the
year 2050 which will be based on the 10 minute
data input, using advanced planning and smart
energy system approach. The aim is to prove
that the energy system, with 100% share of RES
in energy production, could be self-sufficient,
including the replacement of all conventional
vehicles with electric vehicles (EV), as well as
providing additional storage facilities by trans-
forming power to heat and to cold and replace-
ment of two-tariff model in electricity prices
with the electricity market.

Methods

Borders of the selected energy system of a wider
urban area will be defined with the general defi-
nition that can be applied to other regions. De-
fined borders will determine input data needed
to do the calculations for energy plan model of
the selected region. Calculations will be done in
EnergyPLAN model, which is a deterministic
input/output model for Energy Systems Analy-
sis and runs on an hourly basis, and compared
with the new algorithm based on 10 minute data
input and modelled according to the Energy-
PLAN.

Preliminary results

The Dubrovnik region was selected for its great
potential of RES, including solar and wind po-
tential. Their intermitted generation patterns
cause insecurity in the power system supply
since they depend on weather conditions. Lin-
ear correlation and regression of the solar ra-

diation, wind speed, air temperature and elec-
tricity demand of the selected region are done
for the consecutive three year period in order to
compare the results of the mean monthly and
10 minute time step data. Calculations based on
the 10 minute time step showed weaker correla-
tion and regression results than the ones gained
by mean monthly data. Linear correlation re-
sults of all variables except wind speed showed
that their distributions in 10 minute time step
slightly vary between consecutive three years
period and they can be forecasted using linear
regression line.

Discussion

Development of a new model will result in re-
ducing the need for the additional flexibility in
the system and providing more opportunities
for stabile integration of 100% share of RES in
the energy system. Integrated electricity mar-
ket model, based on the 10 minute time step
of trade, will ensure the stability of the system
and regulation of energy flows, enabling mar-
ket valuation of flexibility sources in the system.
Cost-effective participation in the system for all
its participants can be achieved using informa-
tion and communication technologies.
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Introduction

New generation of torque converter automatic
transmissions (AT) includes a large number of
gears for improved fuel economy, reduced emis-
sions, and enhanced driving comfort. Due to the
significant number of inactive clutches during a
shift, there may be a potential for an unconven-
tional control approach using extra clutch(es).
Normally-open (passive) clutches can be modu-
lated to improve the overall shift performance.
On the other hand, control requirements for
such transmissions become more demanding,
which calls for the development of new shift op-
timization and analysis tools.

Methods

First, a shift transient analysis is conducted by
using a systematic and illustrative graphical
approach based on the bond graph methodol-
ogy. The bond graph approach is further used
to derive a set of conditions for beneficial use of
extra, normally-open clutch in the inertia phase
of single-transition shifts. Next, a modern nu-
merical optimization tools is used for finding
optimal trajectories for transmission clutch in-
put and engine control input. The derived con-
dition-based prediction of beneficial use of extra
clutch is verified by comparing the prediction
results with optimization results for wide range
of shifts.

Preliminary results

The initial results point out that the extra clutch
has a potential of significant performance im-
provement for any single-transition upshift in
the inertia phase, in terms of reduced vehicle
jerk due to the suppressed inertia bump effect.
This is paid for by larger clutch losses during
the shift. The optimization results have indicat-
ed that the shift quality can also be improved in
the torque phase of relatively modest number of
upshifts and downshifts, but that improvement
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is much less emphasized when compared to the
inertia phase.

Discussion

The proposed bond graph method can also be ap-
plied for analyses of multi-element shifts, which
are inherent to advanced ATs. Furthermore, the
developed numerical optimization tool can be
applied for various optimization-based analysis
and design studies of advanced AT shift control.
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Introduction

One of the main goals in control theory for spa-
tially distributed systems (large-scale dynami-
cal networks) is a development of scalable and
efficient stability analysis methods. Stability
analysis is a first step towards an even more
challenging task of designing controllers for
such systems. Since we have to deal with a large
number of states and interconnection variables,
direct application of classical stability analysis
methods on the overall network as a single sys-
tem would result in a prohibitively high com-
putational complexity. An alternative solution
is to find local conditions which, when satisfied
separately by the subsystems in the network,
guarantee the stability of the overall network.
One of the key challenges in such alternative ap-
proach is to obtain scalable analysis conditions,
which are at the same time not too conservative
for practical applications.

Methods

A traditional and often used approach in sta-
bility analysis lies within the framework of
dissipative dynamical systems which accounts
for finding appropriately defined local stor-
age functions, corresponding supply functions
and the coupling conditions which together
imply stability of the overall network. It can be
shown that proving the stability of dynamical
networks using static supply rates boils down
to finding a Lyapunov function for the overall
network where the Lyapunov function is a sum
of local storage functions. In this way, structural
properties of the dynamical networks can be ex-
ploited in order to formulate stability conditions
in terms of linear matrix inequalities structured
in such a way that they reflect the topology of
the underlying interconnection graph. Instead
of using static supply rates, in this work we con-
sider usage of less conservative dynamical sup-
ply rates which were originally introduced in
the general framework of robust control.

Preliminary results

In order to show the added value of the proposed
stability analysis methods based on dynamical
supply rates, we have considered a stable inter-
connection of two linear time invariant systems
for the case where one subsystem is unstable.
Preliminary results show reduced conservatism
through comparison of the performance of stat-
ic multipliers, dynamical multipliers parame-
terized through the use of basis functions and
dynamical multipliers which are piecewise con-
stant functions in the frequency domain.

Discussion

Our primary aim has been to show that dynam-
ic supply rates allow us to tackle stability anal-
ysis of dynamical networks in a less conserva-
tive way. A novel type of dynamical multipliers,
which are piecewise constant functions in the
frequency domain, have been introduced allow-
ing us to reduce the computational complexity
of the analysis. In particular, we have developed
simple algorithms for stability analysis of two
interconnected systems, which will be further
generalized to stability analysis algorithms for
large-scale dynamical networks.
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Introduction

Sustainable development demands a sustain-
able energy system. Fossil fuels will not be the
only energy source choice in a future dominated
by renewable energy sources (RES). It is neces-
sary to technologically upgrade the existing en-
ergy system with improved methods of energy
planning and integration of RES production. For
100% RES system, there is a need for techno-fi-
nancial optimization to formulate a proper un-
derstanding of the problem. Development of the
mathematical model and use of optimization
brings optimal conditions of use for complex en-
ergy systems, with savings in investment, main-
tenance and operation and greenhouse gasses
(GHG) reduction.

Methods

Methodology is based on numerical methods.
Basic concept balances the energy system by
optimizing the most expensive component,
energy storage. Two levels of optimization are
employed, primary for determining the capac-
ity of the system, and secondary for planning
the utilization of the components, under which
a custom merit-order algorithm was developed.
Multi-target optimization includes dimensions
for minimal installed power, minimum emis-
sion of GHG or minimum levelised cost of ener-
gy (LCoE). Seasonal role of energy storage was
determined to be the crucial factor in balancing
the system, for which an extension of the mer-
it-order algorithm was implemented.

Preliminary results

The model was upgraded and expanded from
the existing spreadsheet calculation model to
a new platform based on C# programming lan-
guage, including a plug-in optimization frame-
work. Initial research focused on replicating
detailed modelling of micro grids and island
systems. Secondly, the electric vehicle mod-
ule was added, bringing capabilities to model
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dump charge, smart charge and vehicle to grid
modes for electric vehicle fleet. Next, desalina-
tion via reverse-osmosis was added as a way of
demand-side management by deferrable loads
and integration of water resources as an energy
vector. Finally, modelling concerning urban mi-
cro grids and transition to national-level energy
systems was implemented. A combination of
H2RES model and Renewlslands methodology
with Top Energy software for optimization of
super-structure of the energy system provided
a good balance between pure mathematical op-
timization and reducing the field of adequate
solutions with domain knowledge.

Discussion

The key to a successful optimization method
for long-term energy planning with integration
of renewable energy sources and storages lies
in managing the optimization calculations of
energy storages. Brute-force calculations of all
possible states for a given energy storage are not
feasible as it would consume excessive computa-
tional resources and time. The need for hourly
calculations needs to translate into a manageable
problem regarding energy storages that work on
seasonal or even multi-year horizons. The sec-
ond point of discussion is the optimal solution
of multiple energy vector system. While the elec-
tricity segment of the system might be optimal,
it does not necessarily mean that e.g. the heating
segment works optimally. This problem is espe-
cially emphasized when dealing with physically
separate or loosely connected systems. There-
fore, after each time step, a consolidation step
needs to be run, to reconcile all subsystems, as
the optimum of a subsystem should translate to
an optimum of the overall system.
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Introduction

CFD drifting snow models available in the lit-
erature are mostly based on one-way couling,
which is appropriate for the suspension layer
away from the snowbed. In the saltation layer,
close to the snowbed where two-way coupling
applies, they use empirical correlations of the
snow flux, developed for equilibrium condi-
tions. These are inaccurate in urban settings
where non-equilibrium prevails.

Methods

A two-way approach is proposed, where both
saltation and suspension layers are fully re-
solved, and no equilibrium assumptions are
made. This consists of solving a separate Na-
vier-Stokes system for each of the snow and air
phase. These two systems are coupled through
momentum, based on the drag and lift forces,
which are the dominant forces in aeolian trans-
port of solid particles. A novel viscosity model
is also developed for the drifting snow phase,
based on conservation of momentum between a
group of Lagrangian particles and their Euleri-
an fluid equivalent.

Preliminary results

The numerical results of the proposed two-way
coupled approach are compared to experimen-
tal measurements. The new approach is found
to accurately resolve the saltation layer if one
partice size is taken into account. The new ap-
proach accurately resolves the lower suspension
layer if a two-parameter Gamma distribution of
particle sizes is taken into account.

Discussion

The preliminary results of the two-way coupled
approach are a good match to experimental
measurements. The particle distribution effect
noticed agrees with field and wind tunnel ob-
servations of particle size segregation normal to
the snowbed. Transport into the upper suspen-

sion layer occurs through turbulent lift, which is
not yet included in the present approach. There-
fore the lack of agreement with experimental
measurements in the upper suspension layer is
to be expected.
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Introduction

Evaluation of working positions and formal
qualifications of employees is very good tool for
visualization of your current state in working
performance and ethics. It ensures to see most
skilled people in company and let them achieve
their full working capacity. In this paper it will
be represented how it should be done, and the
results from the study on factory for prefabri-
cated concrete elements and sample of 200 peo-
ple is represented and analyzed. In lean meth-
odology wrong culture that fails to recognize
the strengths and contribution of employees is
the main reason of slow improvement, and it is
proven that skilled employees are drivers for
manufacturing competiveness.

Methods

Starting point of this study was to develop meth-
od for visualization of workforce competences
through simple model of evaluation workforce
competences and skills. Model for evaluation
of potential of workers was based on quantify-
ing their formal school qualification degree and
present working position. Croatian Qualifica-
tions Framework (CROQF) was taken as referent
point where workers formal competences were
measured and quantified. Croatian model of
evaluation school degree has scale of measure-
ment from 1 to 8.2 where workers with elemen-
tary school degree are awarded with lowest rank
1, and workers with highest academic degree
are awarded with rank 8.2. However, in Croatia
every big company has its own list of working
positions and minimum formal school qualifi-
cation to handle with job tasks. Ultimate goal in
this model for visualization of workforce compe-
tence and skills was to collect all data’s about in-
dividual workers formal qualification and pres-
ent working position, then quantifying it and in
the final step measuring deviation between for-
mal qualification and present working position.
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Preliminary results

Preliminary results had proven lack of compe-
tences on all levels. Most perceived lack of com-
petences where found on work positions for all
kind of workshop craftsman’s. This data was
disturbing because main production activities
are closely connected to such working positions.
Conclusion was that manufacturing processes
are probably not very well organized, so there
is a lot space for improvement of manufacturing
activities and reduction of labor costs.

Discussion

Recent studies have presented clear evidence of
the relationship between human capital qualifi-
cations and competitiveness. Skills and compe-
tences are major building blocks of the learning
process. Studies have considered and validated
“skills” as one of the drivers for manufacturing
competitiveness. This method for visualization
of workforce in human resource management
is very fast and all kind of analysis could be
done on collected data. This method was done
on CROQF, but it could be done on some oth-
er framework. It was visible in begging of this
research that this method will bring some in-
teresting data about workforce competences
and skills. Obtained results from this research
are quantitative and measurable, so they could
be compared with data in next iterations of im-
provement in human resource management.

Keywords
Human resource management, visual manage-
ment, manufacturing competence
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Introduction

Computed tomography is a well known method
discovered in 1970s and first applied in medi-
cine. From 1980s it is applied in material anal-
ysis for inspection of pores and inclusions and
from 2005 on was introduced as a new method
for dimensional measurements. It is a non-con-
tact and non-destructive method that uses X-ray
to obtain information of both external and inter-
nal geometry of measurement objects. Because
of the fact that it is a relatively new measure-
ment method, some limitations in its usage are
still present. The biggest disadvantages are lack
of measurement uncertainty and metrological
traceability. Many researches are done at the
moment to address this matter. To assure meas-
urement uncertainty and define metrological
traceability, all parameters influencing the sys-
tem should be identified, investigated and de-
scribed. Influencing parameters can be divided
into different subgroups, e.g. depending on the
process where they occur. In that case param-
eters can be divided to: parameters influencing
scanning process, parameters influencing re-
construction process, parameters influencing
measurement process, or on the other hand a
more common division to hardware related pa-
rameters, software parameters, environmental
parameters, parameters of measured part and
operator depending parameters.

Methods

First step in investigation of influencing param-
eters was research of two parameters which de-
pend on the choices that operator makes during
measurements. Two independent experimental
researches were conducted where first research
dealt with how change in projection number af-
fects measurement results and second research
included observing the impact which geometri-
cal magnification has on measurement results.

Preliminary results

First research showed that obtained results
are closer to reference value if larger number
of projection images is chosen. Observed were
situations with 12, 36, 180, 360, 540, 720, 1000
projection images. It was also noted that when
increasing number of projection images, there
is a point where further enhancement of result
is insignificant. Second research showed that
magnification is important parameter which in-
fluences measurement results in different way
depending on observed characteristics.

Discussion

Computed tomography as a metrological tool
enables non-destructive measurements of out-
side and inside geometry and is therefore very
interesting for application in many different
fields and industries. Its main disadvantage is
lack of metrological traceability, and for that
reason further researches, with aim to assess
measurement uncertainty, are necessary. There-
of, further researches should take into consider-
ation the influence of other parameters as well
as assessment of measurement uncertainty ac-
cording to new revised GUM standard.

Keywords

Computed tomography, Measurement traceabil-
ity, Measurement uncertainty, Influence param-
eters
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Introduction

It is well-known that damage phenomena can-
not be objectively modeled by using the classi-
cal continuum theory because the differential
equations which describe the deformation pro-
cess may lose the elliptic characteristic once the
damage is initiated. Mathematical description
of the model in that case becomes ill-posed and
numerical solutions do not converge to a phys-
ically meaningful solution. To overcome these
problems, most of the regularization techniques
developed are based on the improvement of the
classical continuum model by its enrichment
with the internal length scale parameters in var-
ious forms. Among these techniques especially
nonlocal theories are known, which have been
shown to be the most versatile. One of them is
the strain gradient continuum theory, which in-
troduces the nonlocality in the model through
additional gradient term in the strain energy
density function.

Methods

In this contribution, the two dimensional C!
continuity triangular finite element based on
the aforementioned strain gradient theory is
extended to the modeling of damage and strain
localization phenomena. The linear elastic ma-
terial behavior is considered, where the line-
ar and exponential damage evolution laws of
quasi-brittle damage are employed. Stiffness
degradation in the softening stage is governed
by the isotropic damage law, where the dam-
age variable in a point of the material depends
on the highest value of equivalent elastic strain
ever reached in the deformation history. Con-
stitutive matrices are obtained prior to the sof-
tening analysis using the second-order homog-
enization procedure applied on the appropri-
ate representative volume element (RVE). The
deformation responses of both homogeneous
and heterogeneous materials are investigated.
The latter is done by varying the sizes of the
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adequate RVEs, considering only the academic
examples of heterogeneous materials.

Preliminary results

The verification of the presented damage model
is made on a benchmark example consisting of
a rectangular plate with an imperfect zone un-
der tension. The results obtained are compared
with the solutions from the literature, where the
same numerical example is analyzed employ-
ing the EFG meshless method and assuming
only homogeneous materials. Here, the study of
damage behavior of heterogeneous materials is
made as well. Besides, an analysis of the shear
band formation along an imperfect plate sub-
jected to compressive load is performed, and the
solutions are compared with the experimentally
obtained data.

Discussion

It is demonstrated that strain localization and
softening phenomena can successfully and effi-
ciently be captured by means of the proposed
computational strategy. In addition, sufficient-
ly accurate model for the softening analysis of
heterogeneous materials on the macrostructur-
al level is obtained in a rather simple way. The
further research will be concerned with the
damage consideration on the microlevel, where
a multi-scale computational strategy will be em-
ployed.
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Introduction

Vehicles on bridges prove to be particularly sen-
sitive to cross-winds, which deteriorate their
dynamic stability. Hence, wind barriers are
developed to protect vehicles from cross-wind
effects. While these barriers proved to be suc-
cessful in sheltering vehicles on bridges, their
influence on bridge dynamic stability is not well
known. Thus, experimental research on influ-
ence of roadway wind barriers on aerodynamic
and aeroelastic characteristics of three different
types of bridge-deck sections is carried out in
collaboration with the Institute of Theoretical
and Applied Mechanics in Prague. Wind-tunnel
models of bridge sections are studied for vari-
ous wind barrier height and porosity using the
experimental mechanisms for advanced aeroe-
lastic and aerodynamic tests.

Methods

Research activities include experimental work
and computational simulations. In this period
of research, the focus is on wind-tunnel ex-
periments. During the experiments on bridge-
deck dynamic response, the bridge-deck mod-
els are placed on the custom-made mechanism
for measurements of complex aeroelastic phe-
nomena. Experiments are carried out using
the free-vibration method. For measurements
of aerodynamic force and moment coefficients
experienced by bridge-decks, an experimental
mechanism for separate measurements of aero-
dynamic forces and moments is designed. Flow
characteristics downwind from the bridge-deck
models are measured using the CTA (Constant
Temperature Anemometer) device. Flow field
around the bridge-deck section models is ob-
tained using the PIV (Particle Image Velocime-
try) technique.

Preliminary results
Dynamic stability of studied bridge-decks
proved to be deteriorated while the critical

flutter wind velocity is reduced when wind
barriers are placed on bridge decks. The influ-
ence of wind barriers is more pronounced for
streamlined bridge-deck sections. A decrease
in porosity of wind barriers increased the sus-
ceptibility of studied bridge-deck sections to
dynamic instability. Aerodynamic drag force of
bridge-decks is increased when wind barriers
are placed on bridge-decks, while wind barriers
proved not the influence galloping instability
that is based on the results of the Glauert — Den
Hartog criterion.

Discussion

The experimental results indicate an exhibited
influence of roadway wind barriers on aerody-
namics and aeroelasticity of studied bridge-
deck sections. Wind barriers present an addi-
tional obstacle to the wind flow and create an
increased flow pressure on the leading edge of
bridge decks. Bridge decks with wind barriers
experience negative aerodynamic damping in
torsional motion at certain wind velocity, thus
the net damping of the system (consisting of aer-
odynamic and mechanical damping) is reduced.
Therefore, bridges with wind barriers could be-
come dynamically unstable in torsional motion,
thus indicating an adverse effect of wind barri-
ers on torsional flutter.
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Introduction

So far continuum mechanics has been dominate
method for studying behavior of the material
under load. However usual formal approach
of continuum mechanics needs a series of con-
stitutive equations that are result of phenome-
nological approach to the material deformation
process. Variables that we notice in convention-
al experiments, that are part of constitutive re-
lations, are the consequence of dynamics of an
extremely large number of atoms. In atomistic
model changes in nanostructure of material are
simulated by using molecular mechanics (MM)
founded on experimentally and theoretically
adjusted interaction of atoms. In that system at-
oms are regarded as a dynamic system of par-
ticles governed by Newton’s laws. The goal is
to find influence of individual properties at the
atomistic level and interpret them correctly into
the macro level.

Methods

Using MM methods 2D crystal lattice is mod-
eled by writing own code in the software sur-
roundings of MATLAB. For describing intera-
tomic interactions pairwise Lennard-Jones (LJ)
potential is used. To simulate bulge of crystal
correctly periodic boundary conditions (PBC)
are applied on all edges of simulation box. For
finding metastable configurations of atoms,
which corresponds with positions of local min-
ima of potential energy at temperature of abso-
lute zero steepest descent, conjugate gradients
and Newton-Raphson iterative procedures were
used. After studying properties of perfect crys-
tal lattice influence of voids and dislocations in-
side the crystal is analyzed. For studying prop-
erties of the system at finite temperature Verlet
algorithm is used as a numerical time integrator.

Preliminary results
By analyzing different crystal structures at tem-
perature of absolute zero metastable configura-
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tions of atoms for each type of imperfections are
acquired. In addition to the different equilibri-
um configuration, change in potential energy, in
comparison with ideal lattice, can be seen. Dur-
ing deformation of the crystal by imposing edge
displacement of the simulation box increase of
the strain energy has been noticed. As expected
stress at the edges of the simulation box during
deformation rises with the increase of initial im-
perfections inside the crystal.

Discussion

The aim of the first part of research is to develop
simple academic model of crystal which is suit-
able for assessment of important parameters of
nanolevel onto observable macrolevel values. By
using simple LJ potential focus can be placed
on structural phenomena like dislocation. It has
been show that using MM certain properties,
like energy, stress and elasticity modulus, of the
materials at nanolevel can be obtained. In the
further research analysis of the atomistic model
will be extended onto identifying suitable dam-
age variable which will enable coupling of atom-
istic and continuum model.
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Introduction

Project managers involved in engineering sys-
tems development need support in the form of
methods and tools that will help them deal with
challenges arising from such as selection of op-
timal team composition, planning of the work
activities, and early identification of project
risks. Manager's perspective can be improved
with insight into team's interaction and knowl-
edge networks, team's shared mental model, and
individual's characteristics such as social skills,
learning ability, availability, response rate, mo-
tivation, etc. Development of methods and tools
for gathering such data requires monitoring and
measurement of individuals and teams perfor-
mance within different stages of product devel-
opment process.

Methods

This research explores simulation as a manage-
ment tool to help managers in the planning of
team composition and activities and investigate
if project planning could be enhanced by relative
performance comparison of teams composed
of different individuals working within differ-
ent types of development projects. Both points
of interest provide the need for a simulator of
development processes in which individuals
are simulated to work and interact in teams and
perform individual and teamwork activities. It
is desirable to monitor and measure individual
and team performance for a larger number of
participants across different contexts. Combin-
ing results of longitudinal and empirical studies
with the advances in information technologies
opens a space for utilizing simulations (more
precisely agent-based modeling) of teamwork in
development processes as a potential research
and management tools.

Preliminary results
The first step in simulating development pro-
cesses was the development and implementa-

tion of a predefined workflow within an agent-
based model, so agents could follow and solve a
set of project tasks. The process of solving such
tasks includes both individual work and team-
work (discussion, learning and providing help).
The simulation generates data that describes
how agents spend their time, how their compe-
tences and skills change, and how they interact
and collaborate.

Discussion

Simulation model validation started by compar-
ing generated outputs with data collected on a
sampled industry project. The next step will in-
clude development and implementation of dif-
ferent process types that can be extracted from
the literature and empirical studies that will
help to describe specific activities within the
process. Thus it will be possible to simulate pro-
jects with different resources, complexity and
innovation level. This will eliminate predefined
workflows and provide the flexibility needed
before the simulation model can be used as a
project planning tool.
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