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YHUBEP3UTET Y HALLY
FPABEBMHCKO - APXUTEKTOHCKU GAKYNTET
YHUBEP3UTETCKN TPT 2
ERASMUS+ CBHE KA2

YHUBEP3UTET Y HULLY PACNUCYJE KOHKYPC Y OKBUPY MNMPOJEKTA SWARM 3A OBAB/bAHE
BUPTYA/THE MOBU/IHOCTU CTYEHATA 3A CTPYYHY MPAKCY HA CNEAERUM UHCTUTYLIUMIAMA:

1. ARISTOTLE UNIVERSITY OF THESSALONIKI (AUTH)

2. UNIVERSIDADE DE LISBOA (UL)

3. UNIVERSITY OF NATURAL RESOURCES AND LIFE SCIENCES, VIENNA (BOKU)
4. UNIVERSITY OF RUEKA, FACULTY OF CIVIL ENGINEERING (UNIRIFCE)

5. UNIVERSITY OF ARCHITECTURE, CIVIL ENGINEERING AND GEODESY (UACEG)

PoK 3a npujaBy Ha KOHKypc je 05.11.2021. roguHe

MNepuoa peannsaumje MobUAHOCTU:

1. AUTH -06. 12. 2021. roguHe — 17. 12. 2021. roauHe

2. UL-31.01.2022. roguHe —11. 02. 2022. roauHe

3. BOKU -15. 11. 2021. roguHe — 26. 11. 2021. roauHe

4. UNIRIFCE - 15. 11. 2021. roguHe — 26. 11. 2021. roguHe

5. UACEG -29.11. 2021. roguHe — 10. 12. 2021. roguHe

Ko mo:Ke pa ce npujaBu Ha KOHKypC?

e CTyaeHTM MmacTep aKagemckux cryauja [paheBUMHCKO-apXUTEKTOHCKOr  dakynaTeTa
YHuBep3auTeTa y Huwy. MpuopuTeT y ciyyajy BULLE NPpUjaB/beHUX KaHAMAATa MMahe cTyAeHTH
Mopayna 33 XMAPOTEXHUKY M YNpaB/batba NPOjEKTUMA Y FPaAUTE/LCTBY.

Tpajarbe CTpyyYHe Npakce Ha CBUM yCTaHOBaMma:

- 14 (uyeTpHaecT) faHa
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CtuneHauja ce pogesbyje 3a MakcumanHo 1 (jegHor) cTygeHTa no yctaHoBu. CTyaeHTM ce mory
NpwWjaBUTU Ha BULLE MHCTUTYUM]a, @ Komucuja he Ha ocHOBY NpujaBa M3BPLINTM M360P KaHaMAaTa No
nojeAnHMM ycTaHoBama.

Ob6aBe3Ha fOKyMeHTauMja 3a npujasy:
e [lonyreH npujaBHu obpasal, (y npunory),
e buorpaduja Ha eHreckom jesuky (Mpenopyka: Kopuctutu Europass popmar),
e [loKa3 0 MO3HaBakby EHI/IECKOT je3UKa,

e [loKkas fa je KaHAMAaT cTyaeHT paheBUHCKO—apXUTEKTOHCKOr daKkyaTeTa YHuBep3uTeTa y
Huwy.

OokymeHTaumjy y PDF dopmaty notpebHo je nocnatn nytem cnegehe agpece swarmuni@gmail.com.

3a fofaTHa Nojallberba U NUTarba KaHAMAATU ce Mory 06paTUTK NyTem UCTe afpece.

Pok 3a cnawe gokymeHarta: 05.11.2021. roauHe Ao 12:00 catu.

HaKoH 3aBpLUeTKa KOHKypca, NpujaBe KaHAMAATa Koju npohy TEXHWMYKY NPOBepy M eBasyauujy og,
ctpaHe Komucuje, buhe focTaB/beHe MHCTUTYUMUjU AoMmahMHY Kao HOMUHAUM]je 3a 06aB/bakbe CTPYYHE
npakce. M3abpaHun KaHamMaaTn buhe y o6aBesn Aa HaKOH cnpoBegeHe MObUAHOCTU focTase cneaehy
LOKYyMeHTauujy:

- Notepay (cepTndumKaT) ca MHCTUTYUMje goMmahrHa 0 06aB/bLEHOj CTPYUYHO] NMPaKCH,
- W3BewrTaj ca cTpy4He npakce.

CtyaeHTM he HaKoH 0baB/bakba NpaKce o4, UHCTUTYLMja AomahnHa f06UTK cepTUDUKAT O 06aB/bEHO]
MOBUNHOCTY.
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NPUJABA

NUme n npesume:

Datym:

OBuM nyTem npujassbyjem ce Ha KOHKypc 3a obaB/barbe BUPTYasiHE MOBUTHOCTU - CTPYYHE MpaKce y
okBupy Erasmus+ npojekta SWARM Ha cnenehoj MHCTUTYLMjU (3a0KPYKUTU NOHYHEHY MHCTUTYLMjY):

1. ARISTOTLE UNIVERSITY OF THESSALONIKI (AUTH)

2. UNIVERSIDADE DE LISBOA (UL)

3. UNIVERSITY OF NATURAL RESOURCES AND LIFE SCIENCES, VIENNA (BOKU)
4. UNIVERSITY OF RUEKA, FACULTY OF CIVIL ENGINEERING (UNIRIFCE)

5. UNIVERSITY OF ARCHITECTURE, CIVIL ENGINEERING AND GEODESY (UACEG)

YKO/IMKO CTe ogabpanu BMLIE 04 jeaHe UCTUTYLM]jE UCMOZ paHrMpajTe Bawe npuoputete:
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individually)

groups or
individually)

groups or
individually)

UACEG
Monday Tuesday Wednesday Thursday Friday
Topic — Topic — Irrigation | Topic— Topic — Water Topic — Water
Hydrological Systems and Investments in Management Management
and Hydraulic Drought Irrigation Optimization Examples - Vit river
modelling Management Infrastructure Problems case study
Lectures Lectures Lectures Lectures Lectures
e Introduction | @ Introduction | e Introduction e Optimization e Introduction
e Types of e Irrigation e Investments Problems in e Vit Watershed
models Schemes in in Irrigation Water e WEAP modelling
e Rainfall - Bulgaria Infrastructure Management | ¢ Optimization
Runoff e Irrigation and Water e Llinear e Scenarios and
models Schemes and Saving Programming scenarios
e Hydraulic Systems — Requirements | ¢ Resource optimization
models general e Determining Allocation e \Water account
e 1D,2Dand | e Crop Potential Problem tables
3D models Response to Water Savings | ¢ Transportation
e Model Water. Yield- due to Problem
applications Water investments e Prioritization
e Floodplain relationship of Investments
modelling e Management in Irrigation Consultation Time
e Flood early Issues of Infrastructure
warning Irrigation Assignment of — Multicriteria
systems Schemes. Task#1- analysis
e Water Estimation of
Metering and | Efficiency of an Assignment of
Efficiency of | Irrigation Scheme | Task # 2 — Solving
Practical work Irrigation and asimple
with 1D or 2D Schemes Determination of | Optimization Task
models e Structuring Potential Water related to Water
the GIS Saving due to Resources
database for | Investments in Management
need of Irrigation
Management Infrastructure
Students work of Irrigation
(in groups or Schemes Students work (in | Students work (in
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Monday Tuesday Wednesday Thursday Friday
Topic— Topic — Hydraulic | Topic— Topic — Climate Discussion
Hydraulic structures / Hydraulic change and water and
structures / Dams and structures / management Presentation
Dams and reservoirs-2 Dams and
reservoirs-1 reservoirs-3
Lectures Lectures Lectures Lectures e Students
Elements of dam | Embankment Concrete dam e Introduction present
engineering dam engineering | engineering e (Climate the results
e Planning of e C(Classification | @ Principles of change/variations of Tasks #

water and concrete and its impact on land #2.
resource engineering dam design water resources e Students
projects characteristics | ¢ Gravitydam | e How to evaluate present
e Embankment of soils analysis climate change their work
dam types; e Principles of e Concrete for | ¢ Mitigation on themes
Concrete embankment dams; The measures assigned
dam types dam design roller- e Presentation of in lectures
o Spillways, e Seepage, compacted projects in
outlets and stability, and concrete previous
ancillary stress analysis gravity dam days of
works e Settlement e Design the course
e Loadson and features and e Discussion
dams deformation construction
e Presentation | e Rockfill e Dam
of interesting embankments Monitoring
examples of | e Examples and Students work (in
dams and Operation groups)
reservoirs e Examples
Students work (in
groups)
Students work Students work
(in groups) (in groups)
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Week 1, 10:00-13:00

Date Course Short description
Monday Sustainable Water resources Principles of sustainable water resources
management and EU legislation management.
(Prof. Kolokytha) The WFD, shortcomings in implementation.
Major relevant EU water legislation
Tuesday Hydraulics of open channels, rivers | Flow in open channels and rivers. Calculation
and dams methods. Culverts and Bridges. Dam
(Prof. Prinos) classification. Design Discharge. Spillways.
Structures for energy dissipation.
Wednesday | «Aptotov uev udwp». Best is Water The value, the price and the cost of water.
Pindar 518 — 438 BC “The Diamond-Water Paradox”. Public or
Valuing the water private? Social or economic?
(Prof. Kolokytha) The changing water scene.
Thursday Water resources management and Use of GIS for the management of
GIS (part 1) environmental information. Open source GIS
(Dr. Skoulikaris) tools and on line data sources. Creation of
water related maps.
Friday Water resources management and Spatial analyst techniques for the
GIS (part 2) management of hydro-meteorological data.
(Dr. Skoulikaris)
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Week 2, 10:00-13:00

Date Course Short description
Monday Water resources management and The use of HEC-HMS model for hydrologic
hydrological modelling simulations. Data preparation and
(Dr. Skoulikaris) simulations.
Tuesday Global water crisis. SDG6 as a driver UN Agenda23, 2015-2030
for sustainable development. SDG6 and its role to achieve sustainable
(Prof. Kolokytha) development of our planet.
Wednesday Hydraulics of water supply and Design of gravity and pumping systems.
sewerage systems (Prof. Prinos) Tanks. Design of water distribution
networks. Valves for flow and pressure
control. Design of separate and combined
sewer systems. Manholes. Weirs
Thursday Water resources management and Management of water resources under
climate change climate change conditions. Climate change
(Dr. Skoulikaris) models and data. Statistical and dynamic
downscaling of climatic data for use in
regional scales.
Friday Floods and Risk Management. Types of Floods. Flood Mapping. Extreme
(Prof. Prinos) Floods. Flood Risk Analysis. Vulnerability
Analysis. Risk Assessment. Measures for risk
reduction.
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Computational Methods in Hydrodynamics
for Water Resources Management

1 Concept and Intended Learning Outcomes

The aim of this summer school is to support students in developing technical and
computational skills for managing a variety of problems in water resources management. The
main focus is on applications in numerical hydrodynamics, but also physical laboratory
experiments will be covered.

The attendees of the summer school will acquire the following knowledge and abilities:

¢ mathematical formulation of hydrodynamic problems using differential equations

e discretization of differential equations for the numerical solution

¢ implementation of models for the numerical solution of simple hydrodynamic problems

¢ use of open-source code for the solution of more complex computational fluid dynamics
models

Training of teaching staff is held simultaneously within the first week of the summer school.
Lecturers will be presented with illustrative ways of presenting highly technical topics such as
numerical hydrodynamics to a group of students. In addition they will be provided with
relevant teaching materials including Excel Worksheets for the numerical solution of basic
hydrodynamic problems.

2 Program
2.1 Week 1: Summer School and training of teaching staff

Monday

* morning: Welcome session, presentation of University, Department and Institute
(Michael Tritthart and Daniel Wildt)

e afternoon: Unsteady problems in hydrodynamics (Daniel Wildt)

— Balancing of the water levels of two tanks connected through a pipe

— Heat and mass transport in free-surface waterbodies

Tuesday

e morning: Ordinary Differential Equations: Water surface estimation in nonuniform
flow (Daniel Wildt)

¢ afternoon: Self-organised learning

Wednesday

¢ morning: Partial Differential Equations: Development of a flood wave (Daniel
Wildt)

¢ afternoon: Theory on computer-based river modelling (Michael Tritthart)
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Thursday

¢ morning (Daniel Wildt):

— Set-up of a 1D model of a channel system using the Excel worksheets UNDA
— Error estimation in physical lab experiments

¢ afternoon: Hydraulic lab tour

Friday

¢ morning: Unsteady pipe flow (hydraulic surge; Daniel Wildt)

¢ afternoon: Excursion and get-together with the IAHR Young Professional
Network Vienna (Daniel Wildt)

2.2 Week 2: Summer School

Monday

e morning: Introduction to Linux operating systems and the Unix command
line (Michael Tritthart)

¢ afternoon: Self-organised learning

Tuesday
¢ morning: Introduction to OpenFOAM (Daniel Wildt)
¢ afternoon: Self-organised learning

Wednesday

* morning: “An Introduction to OpenFOAM: A User View” presentation by
Prof. Hrojve Jasak at the University of Ghent (May 2016) Part |

¢ afternoon: Group project assighnment and work on group projects

Thursday

* morning: “An Introduction to OpenFOAM: A User View” presentation by
Prof. Hrojve Jasak at the University of Ghent (May 2016) Part Il

¢ afternoon: Group project work

Friday

e morning: Summary / Project Presentation

¢ afternoon: Recap of the summer school and feedback meeting

3 Teaching Materials

Participants will be supplied with various teaching materials in digital form:

¢ handouts

¢ MSExcel Worksheets

¢ literature list and weblinks

¢ OpenFOAM test cases

The materials will be shared with the participants via an E-Learning platform (e. g. Moodle).
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4 Literature and resources

4.1 Unsteady flow in water resources management
4.1.1 Textbooks

J. H. Ferziger and M. Peric (2002). Computational Methods for Fluid Dynamics.
3rd ed. Berlin Heidelberg NewYork: Springer-Verlag. 423 pp. isbn:
3-540-42074-6

H. K. Versteeg and W. Malalasekera (2007). An introduction to computational
fluid dynamics: the finite volume method. 2nd ed. Essex: Pearson

Education Limited. 503 pp. isbn: 978-0-13-127498-3

4.1.2 Scientific articles and reports

P. C. Chatwin (1980). ‘Presentation of Longitudinal Dispersion Data’. In:

Journal of Hydraulics Division 106 (1), pp. 71-83

H. B. Fischer et al. (1979). Mixing in Inland and Coastal Waters. San Diego:

Academic Press, Inc. Harcourt Brace Jovanovich, Publishers

C. M. Hanif (1986). ‘Boundary conditions for analysis of waterhammer in

pipe systems’. Master Thesis. The University of British Columbia

A. van Mazijk et al. (1991). Rheinalarmmodell Version 2.0 Kalibrierung und

Verifikation. Internationale Kommission zum Schutze des Rheins gegen Verunreinigung.
url: https://www.chr-khr.org/de/veroffentlichung/
rheinalarmmodell-version-20-kalibrierung-und-verifikation

4.2 Unix and Linux

Lecture notes and exercises by William Knottenbelt:

W. Knottenbelt (2021). Introduction to Unix. url: http://www.doc.ic.
ac.uk/~wijk/UnixIntro/ (visited on 28/07/2021)

4.3 OpenFOAM

4.3.1 Documentation by distributors

OpenFOAM v9 by The OpenFOAM Foundation (www.openfoam.org and http:
//cfd.direct/)

The OpenFOAM Foundation (2021c). OpenFOAM v9 User Guide. url:
https://cfd.direct/openfoam/user-guide/ (visited on 28/07/2021)
The OpenFOAM Foundation (2021b). OpenFOAM v9 C++ Source Code
Guide. url: https://cpp.openfoam.org/v9/ (visited on 28/07/2021)
The OpenFOAM Foundation (2021a). OpenFOAM Technical Guides. url:
https://openfoam.org/guides/ (visited on 28/07/2021)

- Fluid Dynamics

* Computational Fluid Dynamics

* Tensor Mathematics

* Energy Equation in OpenFOAM

— Multiphase Flows and Particles

* OpenFOAM Barycentric Tracking
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* Water Waves in OpenFOAM

* Interface Capturing in OpenFOAM

* Guide to CFD for Polydisperse Flows

— Computers and Software

* OpenFOAM Linux Guide

* Parallel I/0O in OpenFOAM

* Redesighing OpenFOAM for the Future

OpenFOAM v2012 by ESI Group (www.openfoam.com)

OpenCFD, Ltd. (2020c). OpenFOAM User Guide. url: https://www.
openfoam.com/documentation/user-guide (visited on 26/07/2021)
OpenCFD, Ltd. (2020b). OpenFOAM Tutorial Guide. url: https://www.
openfoam.com/documentation/tutorial-guide (visited on 26/07/2021)
OpenCFD Ltd. (2021). OpenFOAM Programmer’s Guide

OpenCFD, Ltd. (2020a). OpenFOAM Extended Code Guide. url: https:
//www.openfoam.com/documentation/guides/latest/doc/ (visited on
28/07/2021)

4.3.2 Wikkis and useful tools

OpenFOAM tutorials collection and a “3 weeks self-learning course”:
OpenFOAM Community (2021). Tutorial Wiki. Ed. by OpenCFD, Ltd.

url: https://wiki.openfoam.com/Main_Page (visited on 28/07/2021)
Unofficial OpenFOAM Wikki:

OpenFOAM Wiki (2021). Unofficial OpenFOAM wiki. url: www.openfoamwiki.
net (visited on 06/08/2021)

OpenFOAM Forum at CFD Online:

CFD Online (2021a). OpenFOAM Forum. url: https://www.cfd-online.
com/Forums/openfoam/ (visited on 06/08/2021)

A tool for optimizing blockMesh grading:

OpenFOAMWiki (2020). Scripts/blockMesh grading calculation. url: https:
//openfoamwiki.net/index.php/Scripts/blockMesh_grading_calculation
(visited on 28/07/2021)

Tool for estimating required wall resolution:

CFD Online (2021b). y+ Wall Distance Estimation. url: https://www.
cfd-online.com/Tools/yplus.php (visited on 28/07/2021)

4.3.3 CFD with OpenSource Software at Chalmers University of Technology
Prof. Hakan Nillson is offering a free course on OpenFOAM for PhD students

and provides his course materials online. In the course of “The 3rd UCL Open-
FOAM Workshop”, 24th February 2021 he received the “OpenFOAM community
contribution award” for this course.

H. Nilsson, ed. (2020). Proceedings of CFD with OpenSource Software.

Chalmers University of Technology. url: http://dx.doi.org/10.17196/
OS_CFD#YEAR_2020
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PhD thesis by Prof. Jasak:

H. Jasak (1996). ‘Error analysis and estimation for the finite volume method
with applications to fluid flows’. Thesis of Dissertation. Imperial College
London. url: https://spiral.imperial.ac.uk/handle/10044/1/8335

12
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UL
WATER RESOURCES MODELING: PART 1: FLOOD ANALYSIS
Monday Tuesday Wednesday Thursday Friday
Topic — General Topic — Topic— Topic — Topic —
concepts related Components of | Components of Rainfall/runoff | Synthesis and
to flood analysis the flood the rainfall models discussion
hydrographs hyetographs
Lectures: Lectures: Lectures Lectures e Basedonthe
e Introduction e Introduction | e Introduction e Introduction lectures of
e Basicconcepts | e Components | ¢ Components e Flood the previous
of flood of the of the modeling for 4 days,
analysis observed observed base on the each group
e Peak flood flood rainfall Hydrologic must
discharges and hydrographs hyetographs Engineering prepare a
flood e Modelsto e Rainfall Center — presentation
hydrographs separate the losses: initial Hydrologic on one of
models direct runoff losses and Modeling the subjects
- Statistical from the continuous System and discuss
models baseflow losses model (HEC- it with the
- Empirical | e Estimation |e Relevance of HMS model) other
formulae of the the curve students and
- Regional recession number professors,
models constant approach including the
- Flood e Models for relevance of
routing rainfall losses the chosen
models e Intensity- subject in
- Unit duration- wB
hydrograph frequency countries
model curves Students work
Students work e Establishment | (in groups)
(in groups) of design
hyetographs
Students work (in
groups) Students work (in
groups)

13
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WATER RESOURCES MODELING: PART 2: RESERVOIR OPERATION

Monday Tuesday Wednesday Thursday Friday
Topic — Topic — Topic— Topic— Synthesis and
Introductionto | Simulation of Optimization of | Groundwater discussion
water reservoirs reservoir management
management operation operation
Lectures: Lectures: Lectures: Lectures: e Basedon
e \Water and e Types of e Simulationvs | ¢ Basic concepts the lectures
civilization. dams and optimization of groundwater of the
e The reservoirs models. resources. previous for
importance anditsmain | e Linear e Types of 4 days, each
of water for structures. programming aqu!fers and group must
human e Performance for water aquitards. prepare a
development indicators for management | e Agquifer .
i o presentatio
. reservoir . characterization
. . . n on one of
e Consumptive operation: e Dynamic . )
and non- reliability, programming | ¢ Recharge the su.bjects
consumptive vulnerability, for water estimation. tand.dlscuss
water uses. resilience management | e Surface water / it with the
other
e Fundamental anci i bilit : groundwater cudent
sustainabili i- i i students
s of water Y | e |V|L.1|tl . interaction.
) objective e Groundwater and
management . S
Ythe e Reservoir optimization. models. professors,
an .
hall ; operation including
challenges o rules. the
integrated i
watzrshed * Risk relevance of
management the chosen
and water and the o
subject in
resources concept of WB
management hedging. _
. countries
e Reservoir
operation Students work (in
simulation Students work (in | groups)
models and groups)
integrated
water
management
models.

Students work
(in groups)

Students work
(in groups)

14
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UNIRIFCE
Monday Tuesday Wednesday Thursday Friday
Topic - Water Topic — Topic — Topic — Flood Synthesis and
management Drinking water | Drainage protection / discussion
supply (waste water / | Torrents
storm water) in
urban/rural
areas
Lectures Lectures Lectures Lectures e During
e Introduction e Introductio | e Introductio | e Introductio previous 4
o Water n n n days
management in e Water e Drainage e Typesof students
Croatia supply systems floods have to
e Harmonization with systems (waste e Flood prepare for
EU directives e Manageme water and mapping eachdaya
e Water nt of WSS storm e Flood presentatio
management e Presentatio water) hazard and n on that
institutions/agencie nof WSSin | e Manageme flood risk day topic
s: in Croatia - nt of DS e INSPIRE regarding
- Hrvatske vode Rijeka and e Presentatio Directive: their
Istria n of DS in spatial data country /
- International e Challenges Croatia - sharing city /region
commissions in (future) Rijeka and e Presentatio | ® Those
for protection water Istria n of presentatio
of major river supply e Challenges DAREFFORT ns will be
basins (ICPDR, (DRINKADRI in (future) Interreg held by
ISRBC) A project) drainage in project students on
- urban/rural (Danube Friday and
areas River Basin based on all
Students work (in (RAINMAN Enhanced material
groups) project) Flood analysed
Forecasting during the
Cooperatio week and
Students work n) on Friday
(in groups) there will be
Students work a structured
(in groups) Students work discussion
(in groups) e Eachgroup
will have to
prepare a
poster

15
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Monday Tuesday Wednesday Thursday Friday
Topic — Topic — Coastal Topic — Climate Topic - Synthesis and
Hydraulic engineering change and water Laboratory discussion
structures / management work
Dams and
reservoirs
Lectures Lectures Lectures Lectures e During first
e Introductio | e Introduction e Introduction e Introductio 3 days
n e Marinas, beaches | ¢ Climate n students
e Damsand and other coastal change/variatio | e Presentatio have to
reservoirs structures ns and its n of prepare for
in Croatia e Presentation of impact on water hydraulic each day a
e Hydropowe interesting resources laboratory presentatio
r plants marinas, beaches | ¢ Mitigation for n on that
and HP and other coastal measures research day topic
systems structures in e Green and for regarding
e Water Croatia infrastructure teaching their
supply e Advancesinusing | ¢ Presentationof | ® Experiment country /
reservoirs photogrammetry Danube 1 city /region
e Presentatio ... Drones ... Floodplain e Experiment | ® Those
n of Interreg project 2 presentatio
interesting ns will be
HP and Students work (in held by
other groups) students on
systems Students work (in Friday and
with dams groups) based on all
and material
reservoirs analysed
(HE Sen;j, Students work during the
HE Tribalj, (in groups) — week and
HE in Drava regarding the on Friday
river basin, experiments there will be
reservoirs a structured
in Istria) discussion
e Eachgroup
Students work will have to
(in groups) prepare a
poster

16



