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: Eksperimentalno 1 numericko istrazivanje prelaznih procesa
Na sluzbenom jeziku izazvanih interakcijom vazduha 1 vode tokom punjenja 1 praznjenja
L cijevnog sistema pod pritiskom

- Experimental and numerical investigation of transients caused by
Na engleskom jeziku | the interaction of air and water during filling and emptying of a
- ' pressurized pipe system

U cilju obezbjedivanja sigurnosti, pouzdanosti i dobrih performansi projektovanog sistema,
neophodno je sprovodit analize hidraulickih prelaznih procesa izazvanih dvokomponentnim
strujanjem zarobljenog vazduha 1 vode u cijevnim sistema pod pritiskom. Dvokomponentna
strujanja sa interakcijom zarobljenog vazduha i vode javljaju se u industrijskim sistemima, kao sto
su hidroelektrane, pumpne stanice, distributivni vodovodni 1 kanalizacioni sistemi, itd. U ovoj
disertaciji, primjenom racunske dinamike fluida (CFD) sa modelom zapremine fluida (VOF),
izvrsice s¢ numenicko modceliranje, ekspetimentalno istrazivanje i simulacija prelaznih procesa
izazvanih dvokomponenmim strujanjem vazduha 1 vode tokom brzog punjenja 1 praznjenja
horizontalne cijevi za razlicite pocetne uslove, tj. razlicite velicine vazdusnih dzepova, vrijednosti
pocetnog pogonskog pritiska 1 dimenzija otvora na kraju posmatranog sistema. Cilj ovog
istrazivanja je Sire sagledavanje postojece literature iz oblasti prelaznih procesa, te davanje
odgovora na i dalje nedovoljno istrazena pitanja koja se javljaju uslijed brzog punjenja i praZnjenja
cijevi, ukljuéujuéi sveobuhvatnije fizicko razumijevanje nagle promjene pritiska u cijevnim
sistemima koji sadrze zarobljeni vazduh, kao i poboljsanje numerickog modeliranja prelaznog

dvokomponentnog strujanja u cijevima.

Pregled istrativanja

Pojava zarobljenog vazduha u hidrauli¢nim sistemima je najcesce rezultat nepotpunog uklanjanja
vazduha tokom postupka punjenja, djelovanja vazdusnog ventila koji propusta vazduh tokom
prelaznog talasa niskog pritiska, postepenog oslobadanja rastvorenog vazduha, kao 1 stvaranja
vrtloznog strujanja na usisu i sl. (Martin, 1976; Liou & Hunt, 1997). Kretanje vazduha duz
cjevovoda moze biti sporb tokom punjenja, pa se vazdus$ni stub moze zarobiti u blizini zatvorenog
ventila ili na najvisoj tacki sistema razdvajajudi tako dva vodena stuba (Bergant i dr., 2018). U
hidraulickim sistemima vazduh se uglavnom moze nalaziti u vidu nepokretnih dzepova ili
pokretnih mjehurica razlicitih veli¢ina, koji u zavisnosti od njihove velicine i lokacije, konfiguracije
cjevnog sistema, mogu stvoriti Stetne, ali 1 korisne hidraulicke efekte (Martin 1976). Pojava
razli¢itih efekata navodi na zakljucak da prisustvo zarobljenog vazduha gotovo neizbjezno stvara
stepen neizviesnosti ili nepredvidivosti u vezi sa prelaznim odgovorom posmatranog sistema
(Zhou i dr., 201%). Homogeno rasporedeni mjehurici vazduha ili zarobljeni vazdusni dzepovi u
cijevnim sistemima pod pritiskom mogu znacajno smanjiti brzinu prostiranja talasa pritiska, jer
slobodan vazduh povecava clasti¢nost vode i shodno tome, doprinosi smanjenju brzine, promjent
oblika, slabljenju i trajanju talasa pritiska (Wylie i dr., 1993). Medutim, karakteristika vazdusnih
dzepova je smanjena inercija 1 visoka kompresibilnost, $to omoguéava naglo ubrzanje mase fluida,
koja za rezultat ima povecanje porasta pritiska. Naglo ubrzanje stuba te¢nosti prema zapremini
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zarobljenog vazduha koji je na atmosferskom pritiskﬁ pfcdstavlja jedan od_na_;o_zl;l]m]ﬂ; ;ﬁliuéajeva
pojave porasta pritiska (Martins i dr., 2012). Vazdusni dZzepovi mogu negativno uticati na

smanjenje hidraulickog kapaciteta i efektivne povrsine cijevi, dok dvokomponentno strujanje
vazduha iv ode moZe smanjiti efikasnost hidraulickih postrojenja (Maddahian i dr., 2020).
Punjenje moze stvoriti opasne skokove pritiska kada se vazdusni dzepovi brzo kompresuju, a
vazdusni ventili ne izbace dovoljnu kolicinu vazduha (Zhou i dr., 2013; Wang i dr., 2019).
Postupak praznjenja moZze proizvesti vrijednosti subatmosferskog pritiska zbog ekspanzije
vazdusnih dzepova, ako vazdusni ventili ne mogu propustiti kolicinu vazduha sa sliénim odnosom
ispraznjene vode (Coronado-Hernandez dr., 2018). Najceséi metod za eliminisanje zarobljenog
vazduha je implementacija vazdusnih ventila duz sistema, na pozicijama istaknutih visinskih tacaka
ili na drugim mjestima gdje se zarobljeni vazduh moze pojaviti.

1. Punjenje cjevovoda

Vrsni privremeni pritisci izazvani kompresijom vazdusnim dzepom su aktivno ispitivani
eksperimentalno i teorijski. Holley je jos 1969. godine u svom eksperimentalnom istrazivanju
pokazao da se pri naglom punjenju moze dogoditi udar visokog pritiska u prisustvu zarobljenog
vazdusnog dzepa. (Liu, Zhou i dr., 2011, Bucur i dr., 2016, Zhou i dr., 2018, Tijsseling i dr.,
2019) izveli su eksperimente sa zarobljenim vazdusnim dZzepovima u zatvorenim i u odzracenim
cjevovodima, gdje su potvrdili da zarobljeni vazduh moze izazvati ozbiljne skokove pritiska tokom
naglog punjenja. SloZenost postupka punjenja uzrokuje poteskoée i1 izazove u numeri¢kim
simulacijama. Postojece numericke metode za simulaciju prelaznih procesa sa zarobljenim
vazduhom su obi¢no jednodimenzione (1D) i mogu se podijeliti u dvije kategorije: model krutog
vodenog stuba (RWCM) i model elasticnosti vode (EWM). Prva metoda, RWCM, zanemaruje
kompresibilnost fluida i elasticnost zidova cijevi, dok druga, EWM metoda uzima u obzir oboje, a
zarobljeni vazdusni dzep se kod obje metode tretira kao idealan gas (Zhou i dr., 2011). Martin
(1976) je razvio jednostavan model krutog vodenog stuba u kojem je stisliivost vode bila
zanemarena. Fuertes (1999) 1 Zhou i dr., (2002c) su pobolsali Martinov model sa modelom
vazdusne faze 1 gubitkom energije. Liu i Suo (2004. i 2005.) predlozili su cjeloviti model krutog
vodenog stuba koji je ukljucio prakti¢ne faktore, kao sto su gubitak energije na ulazu uzvodno,
vtijeme otvaranja ventila i promjena nadmorske visine cjevovoda. Streeter i Wylie (1993), Chaiko
i Brinckman (2002) ukljucili su kompresibilnost vode i rijesili jednacinu kontinuiteta i jednacinu
promjene kolicine kretanja pomocu metode karakteristika (MOC) kreirajuéi elastiéni model. Ovi
istrazivaci su razmatrali elasticnost vode, kao i zvuéne efekte u vazdu$noj fazi i predlozili su
najcjelovitiji numericki model za problem zarobljenog vazdusnog dzepa na kraju cijevi. Pobolj$anja
EWM-a su dali Covas i dr. (2003) koji su ukljucili efekte nestacionarnog trenja i viskoelasti¢nost
zida cijevi. Lee i Martin (1999), su uvidjeli da RWCM nije pogodan za upotrebu kod sistema sa
malim vazdusnim dzepom, kao i za visoke ulazne pritiske, dok EWM pokazuje dobro generalno
slaganje sa eksperimentalnim rezultatima za vr$ni pritisak. Bergant i dr., (2018) su u svom
istrazivanju ugradili vazdusni dZep kao granicni uslov u diskretni gasni kavitacioni model (DGCM)
koji uzima u obzir efekte nestacionarnog trenja. Wang i dr. (2018) su istrazivali kako razlicit
modeli trenja, stacionarni, kvazi stacionarni i nestacionarni modeli trenja uticu na efektivne velicine
tokom punjenja horizontalne cijevi sa zarobljenim vazduhom. Dobijeni rezultati numerickih
stmulacija 1 eksperimentalnih ispitivanja su potvrdili snazan uticaj efekta nestacionarnog trenja na
istoriju promjene pritisaka. Opisani 1D modeli zanemaruju dinamicku interakciju na mjestu veze |
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koja se uspostavlja izmedu vazduha 1 vode, te nijesu u stanju da efikasno simuliraju kretanje 1
polozaj vazdusnog dzepa prilikom njegove interakcije sa vodom. Ovakvi modeli imaju tendenciju
da ta¢no predvide prvi vrsni pritisak, dok se preostali obrasci oscilacija pritiska ne mogu predvidjeti
sa prihvatljivom tacnoscu. Pregledom literature u poslednjih 10 godina, moze se zakljuciti da je
racunska dinamika fluida (CFD) sa modelom zapremine fluida (VOF) imala solidan uspjeh u
simulaciji brzog punjenja cijevi sa zarobljenim vazdusnim dzepom. Visoka tacnost 1 sveobuhvatne
informacije koje pruzaju CFD modeli u simulacijama, bili su glavna motivacija za njenu upotrebu.
CFD modeli se baziraju na tri osnovna fizicka principa: zakon ocuvanja mase (jednacina
kontinuiteta), 11 Njutnov zakon (zakon promjene kolic¢ine kretanja) 1 zakon ocuvanja energije
(Besharat i dr., 2019), Hirt i Nichols (1981) su prvi predlozili VOF model, kojeg su kreirali za
dva ili vise fluida koji se ne mijesaju na mjestu njthovog dodirivanja (interfejsa). Liu i Zhou (2009)
su istrazivali brzo punjenje zatvorene horizontalne cijevi koji sadrzi zarobljeni vazduh koristeci
(VOF) model u 2D, CED simulaciji. Zhou i Liu (2011) su razvili 1D model 1 VOF 2D 13D model
za simulaciju brzog punjenja 1 uocili da su se CFD modeli bolje uklopili od predstavljenog 1D
modela u fizickoj relevantnosti 1 numerickoj tacnosti, sa rezultatima iz proslh eksperimentalnih
istrazivanja. Martins i dr. (2012) su izvrsili opsezno prikupljanje eksperimentalnih podataka 1
uporedili ih sa numerickim rezultatima 2D-VOF modela u CFD-u, te zakljucili dobro poklapanje.
Martins i dr. (2017) su primjenom VOF metode 1zvrsili simulaciju brzog punjenja vertikalne cijevi
sa zatvorenim krajem, koja je komplementarna eksperimentalnim testovima izvedenim u objektu
koji koristi Martins (2012) za razlicite pocetne uslove pritisaka, velicine vazdusnog dzeta i manevra
ventila. Li i Zhu (2018) su koristili VOF metodu za simulaciju prelaznog pritiska vazdusnog dzepa
prilikom brzog punjenja horizontalne cijevi sa otvorom na njenom kraju dok su Zhou i dr. (2018)
koristili VOF model za 3D simulaciju polja protoka za slucaj punjenja vertikalne cijevi sa otvorom
za ispustanjem vazduha na njenom kraju. lako su rezultati numerickog modela potvrdeni
eksperimentalnim rezultatima studije Zhou i dr. (2002) i dalje se javljaju nedoumice i nova pitanja

za dalja istrazivanja u ovoj oblast1,

2. Prainjenje cjevovoda

Odrzavanje vodovodnih sistema zahtijeva sprovodenje postupaka koji ukljucuju praznjenje
cjevovoda, prilikom kojeg se protok vode zamjenjuje protokom. vazduha. Kada je gravitacioni
protok vode prespor, ili u slu¢ajevima gdje nije moguce isprazniti cijev zbog talasastog uzduZnog
profila cjevovoda, voda se iz sistema izbacuje vazduhom pod pritiskom, dok kod cjevovoda koji
imaju konstantan pad sile gravitacije pokre¢u praznjenje. U naftovodnim sistemima, za operaciju
praznjenja prilikom uklanjanje tec¢nih proizvoda, potrebna je injekcija inertnog gasa poput azota
(Martinoia et al., 2012). Proces praznjenje cjevovoda karakterise ekspanzija vazdusnog dzepa koja
proizvodi talase ekstremnih vrijednosti subatmosferskih pritisaka, koji mogu dovesti do izvijanja 1
oste¢enja cijevi. Collins i dr. (2012) su proucavali efekat smanjenje pritiska pri jakom
privtemenom pritisku u cjevovodima, demonstrirajuéi svojstvenost destruktivnog efekta ovog
fenomena, sa kojim se mora postupati oprezno. Dosadasnje studije su relativno malo paznje
posvetile procesima praznjenja u odnosu na procese punjenja. Prva proucavanja ulaska vazduha 1
kretanja mjehurica vazduha pri gravitacionom praznjenju cijevi izvtsio je Zukoski (1966) 1
Benjamin (1968). Vasconcelos i Vright (2008) su proucavali praznjenje horizontalne cijevi sa
uzvodnim konstantnim pritiskom obezbijedenog pomocu rezervoara komprimovanog vazduha,

za slucaj brzog otvaranja ventila na donjem kraju cijevi. Laanearu i dr. (2012) su sprovel
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eksperimentalna 1 numericka istrazivanja praznjenja horizontalnog cjevovoda clikih razmjera pod

pritiskom, sa razli¢itim vrijednostima pogonskih pritisaka komprimovanog vazduba 1 uslovima
ograniéenja na kraju cjevovoda, kako bi pratili kretanje fronta vazduh voda kroz cjevovod. U
odredenim studijama je kreiran jednostavan numericki model kontrolnih zapremina, kojt uzima u
obzir gubitak mase vodenog stuba, i1 koji je imao kasnjenje za stvarno izmjerenim oscilacijama
protoka i pritisaka. KaradZi¢ i dr. (2015) su izveli eksperimentalna istrazivanja praznjenja
horizontalnog cjevovoda malih razmijera za razlicite pocetne vrijednosti pogonskog pritiska
vazduha sa uzvodne strane sistema. Tijsseling i dr. (2016) su predstavili poboljsant 11D model za
brzo praznjenje u cevovodima sa promenljivom brzinom vode, sa trendom protoka 1 prinska koji
ima jednostavan obrazac sa ogranicenim oscilacijama. Coronado-Hernandez i dr. (2018) su izveli
model krutog vodenog stuba (RWCM) za analizu prelaznih procesa koji se javljaju tokom
praZnjenja cjevovoda sa vertikalnim koljenom na njegovom kraju, sa vazduhom pod pritiskom.
Predstavljeni model je pokazao dobro slaganje sa eksperimentalnim rezultatima koje je sproveo
Laanearu i dr. (2012) i bolje je predvidio prelazne vrijednosti protoka i pritiska od drugih modela.
Besharat i dr. (2019) su pomocu (CFD) 2D modela izvrsili simulaciju procesa praznjenja u jednoj
cijevi sa konstantnim padom, bez moguénosti upustanja vazduha sa zarobljenim dzepom sa gornje
strane. Rezultate simulacije potvrdili su eksperimentalnim rezultatima. U svom istrazivanju otkrili
su pojavu povratnog vazduha u eksperimentalnoj instalaciji tokom postupka praznjenja cijevi.
Prema sazanjanju autora, u okviru istrazivanja ove disertacije ce po prvi put biti primjenjena
racunska dinamika fluida sa uklju¢enim VOF modelom za numericko rjesavanje 1 simulaciju
praznjenja cijevi sa upustanjem vazduha pod pritiskom sa uzvodne strane sistema.

Ciljevi istrazivanja ove disertactje su:

- Eksperimentalno i numeri¢ko istrazivanje efekata interakcije vode 1 vazduha tokom punjenja i
praznjenja cjevovoda za razlicite pocetne 1 granicne uslove.

- Procjena primjenjivosti ra¢unske dinamike fluida (CFD) sa ukljucenim VOF modelom za
istrazivanje dinamickog ponasanja zarobljenog vazdusnog dzepa tokom operacija punjenja i
praznjenja cjevovoda uporedivanjem sa eksperimentalnim rezultatima.

- Prikaz simulacije efekata interakcije vode i vazduha tokom izazvanih dvokomponentnih
prelaznih procesa punjenja i praznjenja hidraulickog sistema, koris¢enjem VOF modela.

Na osnovu definisanih ciljeva i pregleda istrazivanja postavljenu su sledece hipoteze:

- H1: Primjenom CFD modela sa integrisanim VOF modelom moguce je preciznije odrediti
oscilacije pritisaka koji se javljaju uslijed naglog punjenja ili praznjenje cjevovoda pod pritiskom
sa zarobljenim vazdusnim dzepom.

- H2: CFD modeli sa integrisanim VOF modelom omogucavaju efikasnu simulaciju kretanja
interfejsa vazduha i vode tokom naglog punjenje i praznjenja cijevnog sistema pod pritiskom
sa zarobljenim vazdusnim dzepom.

- H3: Rezultati oscilacija pritisaka dobijeni numerickim modelom pokazivace podudarnost sa
rezultatima dobijenim eksperimentalnim istrazivanjima.

- H4: CFD modeli visokog nivoa taénosti sa skracenim vremenom racunske obrade su od bitnog
znacaja za povecanje sigurnosti i efikasnosti industrijskih sistema pod pritiskom.
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Materijali, metode i plan istraZivanja

U radu ce bit koriscene analiticke, numericke 1 eksperimentalne metode.

Opsezna analiza dosadasnjih istrazivanja prelaznih procesa izazvanih interakcijom vazdusnih
dzepova 1 vode tokom punjenja i praznjenja hidraulickih sistema pod pritiskom, dovesée do
sveobuhvatnijeg fizickog 1 teorijskog razumijevanja prirode, odnosa, uzroka 1 posledica ovih
procesa u okviru oblasti primijenjene mehanike fluida. U cilju pravilnog razumijevanja ovog
slozenog fenomena, istrazivanje ¢e biti obavljeno u strogo kontrolisanim laboratorijskim uslovima
na eksperimentalnoj instalaciji u prostorijama Laboratorije za energetiku Masinskog fakulteta u
Podgorici, pri ¢emu ce se obaviti 1 provjera pretpostavki usvojenih u numerickom modelu.
Numericki model ce biti kreiran u softverskom paketu ANSYS Fluent.

Istrazivacki postupak u ovoj disertaciji obuhvata eksperimentalno ispitivanje, numericko
modeliranje 1 simulaciju prelaznih procesa tokom interakcije zarobljenog vazduha 1 vode uslijed
punjenja 1 praznjenja horizontalnog cjevovoda za razlicite pocetne 1 granicne uslove. Primjenom
rac¢unske dinamike fluida (CFD) sa uklju¢enim VOF modelom kreirace se numericki model za
predvidanje talasa pritiska 1 kretanja vazdusnog dzepa, a njegova validacija izvrsice se poredenjem
sa rezultatima dobijenim na osnovu ispitivanja na eksperimentalnoj instalaciji ¢iji su opis 1 Sema
dati u nastavku. Rezultati dobijeni eksperimentima, kao 1 numerickim modelom, bice analizirani sa
aspekta uticaja pocetnih i grani¢nih uslova na prelazni talas pritiska. Simulacijom ce biti prikazano
kretanje, polozaj 1 promjena oblika vazdusnih dZepova unutar posmatranog sistema.

Eksperimentalna instalacija za ispitivanje hidraulickih prelaznih procesa - fenomena hidraulickog
udara, kavitacije 1 razdvajanja strujnog toka, interakcije fluida 1 strukture cjevovoda (FSI - fluid
structure interaction), punjenja i praznjenja cjevovoda, kao i nestacionarnog trenja je projektovana
1 napravljena na Masinskom fakultetu u Podgorici u Laboratoriji za energetiku 2011. godine, a
2018. godine uradena su odredena unapredenja u cilju povecavanja njenih istrazivackih
mogucénostl. Instalacija se sastoji od cjevovoda koji povezuje rezervoar visokog pritiska uzvodno
sa rezervoarom niskog pritiska na nizvodnoj strani (¢elicni cjevovod ukupne duzine 1.=55.37 m;
unutrasnjeg precnika 4=18 mm; debljine zida cjevovoda ¢=2 mm; najveci dozvoljeni pritisak u
cievovodu je p.. w= 25 MPa). — Slika. 1. Cetiri grupe ventila postavljene su duz cjevovoda
ukljucujuéi pocetnu 1 krajnju tacku. Grupa ventila ispred uzvodnog rezervoara (pozicija 0/3) sastoji
se od elektro-pneumatskog 1 ruénog kuglastog ventila, a ventilske grupe duz cjevovoda (pozicije
1/312/3), koje se nalaze na istoj medusobnoj udaljenosti, sastoje se od dva rucna kuglasta ventila
(ventili VO/iU i VO/iD;1 = 1, 2). U svakoj ventilskoj grupi se nalazi blok sa senzorima dinamickog
i apsolutnog pritiska. Na instalaciji postoji i T-komad sa dva ventila na uzvodnoj ventilskoj grupi
koji sluzi za izvodenje cksperimenata praznjenja cjevovoda komprimovanim vazduhom pod
pritiskom. Za potrebe eksperimenata punjenja i praznjenja cjevovoda izradeni su komadi razlicitth
otvora (pre¢nika otvora od 1 do 14 mm) koji se mogu montirati na kraju sistema. Na instalaciji se
nalaze 4 koljena (90°) sa polupreénikom R=3D. Cjevovod je ucvrséen protiv aksijalnth pomjeranja
u 37 tacaka (blizu ventilskih grupa i koljena). Oslonci se mogu opustiti za potrebu izvodenja
eksperimenata koji ukljucuju FSI efekte. Vazdusni pritisak u uzvodnom rezervoaru (ukupne
zapremine V1 = 2 m’; maksimalni dozvoljeni pritisak u rezervoaru piipime, « = 2.2 MPa) moze se
podesavati do 800 kPa. Pritisak u rezervoaru prilikom svakog eksperimenta je konstantan
zahvaljujuéi visoko preciznom regulatoru pritiska koji pripada grupi za snabdijevanje
komprimovanim vazduhom. Duz cjevovoda pod pritiskom postavljena su cetiri davaca
dinamickog pritiska 1 etiri davaca apsolutnog pritiska, koji se nalaze u ventilskim grupama (Slika
1.). Dinamicki pritisci na pozicijama pus, pis, pass i psys se mjere pomocu Dytran 2300V4
visokofrekventnog pijezoelektricnog davaca (mjerenje pritiska u opsegu 0+69 bar, osjetljivost 5

mV / 0.069 bar, preciznost (.1%), a apsolutni pritisci pomocu Keller PAA-M5 HB davaca pritiska
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nivo za sve pritiske mjerene u cjevovodu 1 rezervoaru je na pocetku horizontalnog celicnog
cjevovoda (visina 0 m na Slict 1). Temperatura vode se neprekidno mjeri pomocu termometra koji
je montiran u posudi za skupljanje vode. Elektro-pneumatski ventili (V3/3P and V0/3P) su
upravljani filtriranim komprimovanim vazduhom, dovedenim plasticnim crijevom od regulatora
pritiska, Ciji je pritisak nezavisan u odnosu na pritisak u sistemu. Prelazni procesi mogu se izazvati
brzim zatvaranjem ili otvaranjem ventila na nizvodnom kraju, koristeci ili V3/3P ili V3/3H ili
pomocu ventila na uzvodnom kraju VO/3P. Ventili V3/3P i V3/3H opremljeni su senzorom
(opseg mjerenja: 0° do 90°, frekventni odziv: > 10 kHz) koji mjeri promjenu ugla ventila (o) tokom
zatvaranja ili otvaranja. Pored toga, prelazni procesi se mogu izazvati zatvaranjem ili otvaranjem
rucnih ventla duz cjevovoda (ventli VO/3H; Vi/3U 1 Vi/3D; / =1, 2). Na rezervoaru visokog
pritiska 1 na nizvodnom kraju cjevovoda, postavljena su dva davaca statickog pritiska (pi/3. 1 p3/s
s> opseg pritiska: od 0 MPa do 1 MPa, preciznost: £0.5 %). Ovi davaci se koriste za procjenu
pocetnih uslova u sistemu. Za podesavanje protoka kroz instalaciju koristi se ruéni kuglasti ventil
(V3/3E). Protok (brzine vece od 0.3 m/s) se mjeri pomocu elektromagnetnog mjeraca protoka
(preciznost: £ 0.2%). Svi izmjereni podaci prikupljaju se pomoc¢u mjerno-upravljackog sistema
(compact DAQ platforma proizvodaca National Instruments) koji je povezan sa racunarom,
odakle se ujedno upravlja elektro-pneumatskim ventilima.

T Davaci pritiska T-komad 7a Rezervoar

praznjenje cjevovoda  Visokog pritiska

? Davaci pomjeraja
VO0/3P: 1.67m — VO/3A =
E Electro-pneumatski kuglasti ventil VO/3H: 1.85m 0.0m
i =
ﬁ Rutni kuglasti ventil ; | |
| 146m -—
6.65m pre 176 m VO/3SH: v=00m
i 126m
Koljeno (R = 30)
5033m  po533dm piae 53.76m x=L=5537m

V1/3U: 18.02 m
V1/3D: 1820 m -

:53.60m ——

| Rezervoar

V3I/3E: 34 00m niskog pritiska

Koljeno (R = 3D)
2992 m ‘ o
Horizontalm ¢eli¢ni cjevovod

- unutradnji precnik D = 18 mm
-ukupnaduzina L = 5537 m

V2/3U:36.00m
V2/3D:3620m .
Slika 1. Sema eksperimentalne instalactje

Na eksperimentalnoj instalaciji planirano je izvodenje eksperimenata koji obuhvataju:

1. Interakciju zarobljenog vazdusnog dzepa 1 vode tokom punjenja horizontalne cijevi koja je
zatvorena na donjem kraju sistema za razli¢ite kombinacije pocetnih uslova (zapremina
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[ zarobljenog vazdusnog dzepa, pritisak u rezervoaru visokog pritiska 1 vrijeme zatvaranj;
ventila).

2. Interakciju zarobljenog vazdusnog dzepa i vode tokom punjenja horizontalne cijevi koja je
otvorena na donjem kraju sistema za razlicite kombinacije pocetnih uslova (zapremina
zarobljenog vazdusnog dzepa, pritisak u rezervoaru visokog pritiska, dimenzija otvora i
vrijeme zatvaranja ventila).

3. Interakciju vazduha 1 vode tokom praznjenja horizontalne cijevi sa komprimovanim
vazduhom za razlicite kombinacije pocetnih uslova (pogonski pritisak, dimenzija otvora 1
vrijeme otvaranja ventila).

Svaki eksperiment ce se 1zvoditi po tri puta za iste pocetne 1 granicne uslove, kako bi se obezbijedila
ponovljivost eksperimenata. Natpritisak u rezevoaru visokog pritiska e se varirati od 0 do 4 bara.

Oc¢ekivani nau¢ni doprinos

Naucni doprinos ove disertacije se ogleda u popunjavanju postojecih praznina u literaturi
posvecenoj proucavanju dvokomponentnih prelaznih procesa tokom punjenja 1 praznjenja
cjevovoda pod pritiskom, putem numerickog modeliranja i eksperimentalnog ispitivanja efekata
koji nastaju usled 1stth. Po prvi put ¢e se primijeniti racunska dinamika fluida sa ukljucenim VOF
modelom za numericko rjesavanje 1 simulactju praznjenja cijevi sa vazduhom pod prtiskom sa
uzvodne strane sistema. Pored vodovodnih sistema, primjena ovog istrazivanja se ogleda 1 kod
naftnih sistema koji se prazne ubrizgavanjem gasa. U okviru eksperimentalnog dijela 1strazivanja
bice primijenjen $in raspon pocetnih 1 granicnih uslova u odnosu na dosadasnje studije. Ovo
istrazivanje ¢e dovesti do boljeg razumijevanja efekata koji nastaju usled interakcije vazduha i vode
tokom punjenja 1 praznjenja cjevovoda. Gledano iz prakticnog ugla, kreirani numericki model u
ovoj disertaciji ¢e imati izuzetan znacaj za sadasnje 1 buduce studente Masinskog fakulteta u
Podgorici, ali i Sire, koji ée njegovom primjenom moci da simuliraju prelazne procese koji se javljaju
tokom punjenja i praznjenja cjevovoda.

Spisak objavljenih radova kandidata

1. Vilotijevi¢ V., Karadzié¢ U., Vujadinovic¢ R., Kovijani¢ V., Bozi¢ M., (2021). An improved
techno-economic approach to determination of more precise installed parameter for
small hydropower plants, in publication process

2. Kovijani¢ V. (2019). Functional application for calculation of basic parameters for small
hydropower plants. Master thesis. University of Montenegro, Faculty of Mechanical
Engineering, Podgorica, Montenegro.

3. Karadzi¢ U., Kovijani¢ V., Vujadinovic¢ R. (2014). Possibility for hydro energetic
utilization of relatively researched water streams. Water Resources, 41(6), 774-781.

4. Kovijani¢ V., Karadzi¢ U. Vujadinovi¢ R. (2012). Assessment of possibility for hydro
energetic utilization of small water streams. Hidroenergia 2012, Wroclaw, Poland, 23-26 May.

Popis literature

[1] Bergant, \. Tysseling, A., Kim, Y. 1., Karadzi¢, U., Zhou, L., Lambert, M. I, &
Simpson, AL R, (2018) U nsteady Pressures Influenced by 1 rapped Air Pockets in Water-

Filled Pipclines. Strojniski Vestnik/Journal of Mechanical Engineering, 64(9).
|2] Besharat, M., Coronado-Hernandez, O. E., Fuertes-Miquel, V. S., Viseu, M. 1, &
Ramos, 11 M. (2020). Computational fluid dynamics for sub-atmospheric pressure

analysis in pipe drainage. Journal of Hydraulic Research, 58(4), 553-565.

Obrazac PD: Prijava teme doktorske disertacije



., UNIVERZITET CRNE GORE
UCG Obrazac PD: Prijava teme doktorske disertacije

[3] Bucur, D. M., & Isbisoiu, E. C. (2008). Air pockets in pipeline systems. UPB Scientific
Bulletin, Series 1D: Mechanical Fngineering, 70(4), 35-44

[4] Bucur, D. M., Dunca, G., & Cervantes, M. (2017). Maximum pressure evaluation during
expulsion of entrapped air from pressurized pipelines.

[5] Colllns, R. P., BoxAll J. B., KARneY, B. W., Brunone, B., & Menicont, S (2012). How
severe can transients be after a sudden depressurization: Journal- \merican Water Works
Association, 104(4), E243-FE251.

[6] Coronado-Hernandez, O. E., Fuertes-Miquel, V. S., Iglesias Rev, P 1. & Martinez
Solano, F. J. (2018). Rigid water column model for simulating the emptving process in a
pipeline using pressurized air. Journal of Hydraulic Engmeering, 144(4), 06018004

[7] Fuertes-Miquel, V. S., Coronado-Hernandez, O. L5, Tglesias Rey, P 1., & Mora-Melia, D.
(2019). Transient phenomena during the emptying process of a single pipe with water—air
interaction. Journal of Hydraulic Research, 57(3), 318 320

[8] Hernandez, O. E. C. (2019). Transient phenomena during the emptving process of water
in pressurized pipelines (Doctoral dissertation, Universitar Politeenica de Valencia).

[9] Hirt, C. W., & Nichols, B. D. (1981). Volume of fluid (\ OF) method for the dynamics of
free boundaries. Journal of computational physics, 39(1), 201-225.

[10]Holley, E. R. (1969). Surging in laboratory pipeline with steady inflow. Journal of the
Hydraulics Division, 95(3), 961-980.

[11]Karadzi¢, U., Strunjas, ., Bergant, A., Mavric, R., & Buckstein, 5. (2015). Developments
in pipeline filling and emptying experimentation in a laboratory pipeline apparatus. In
Proceedings of the 6th IAHR Meeting on WG Cavitation and Dynamic Problems
(Ijubljana) (pp. 273-280). Faculty of Technologies and Svstems.

[12|Laanearu, ]., Hou, Q., Annus, 1., & Tijsseling, A. S, (2015). Water- column mass losses
during the emptying of a large-scale pipeline by pressurized air. Proceedings of the
Estonian Academy of Sciences, 64(1), 8.

[13]Liu, D., Zhou, L., Karney, B., Zhang, Q., & Ou, C. (2011). Rigid plug clastic water
model for transient pipe flow with entrapped atr pocket. Journal of Hydraulic Research,
49(6), 799-803.

[14]Maddahian, R., Cervantes, M. |., & Bucur, D. M. (2020). Numerical mvestigation of
entrapped air pockets on pressure surges and flow structure in a pipe. Journal of
Hydraulic Research, 58(2), 218-230.

[15]Martin, C. S. (1976). Entrapped air in pipelines. Paper presented at the Second
International Conference on Pressure Surges. LLondon: BHR.

[16]Martinoia, T., Barreto, C. V., da Rocha, |. C. D., Lavoura, |., & Hennques, . M. (2012,
September). Simulation and planning of pipeline emptying operations. In International
Pipeline Conference (Vol. 45127, pp. 603-611). American Society of Mechanical
Engineers.

[17)Martins, N. M., Delgado, ]. N., Ramos, H. M., & Covas, 1. 1. (2017). Maximum transient
pressures in a rapidly filling pipeline with entrapped air using a C1I'I) model. Journal of
Hydraulic Research, 55(4), 506-519.

[18]Martins, S. C., Martins, N. M. C., Ramos, H. M., & Almeida, A, B, (2012). Liquid flow
and entrapped air behaviours 1n an experimental set-up using CEFD analysis. In 11th
international conference on pressure surges (pp. 505515 Crantfield: BHR Group.

[19]Tisseling, A. S., Hou, Q., & Bozkus, 7. (2019). Rapid liquid filling of a pipe with venting
entrapped gas: Analytical and numerical solutions. Journal of Pressure Vessel
Technology, 141(4).

Obrazac PD: Prijava teme doktorske disertacije




.' UNIVERZITET CRNE GORE
UCG Obrazac PD: Prijava teme doktorske disertacije

[20] Thsseling, A. 5. Hou, Q., Bozkus, Z., & Laanearu, |. (2016). Improved one-dimensional
models for mpld emptyving and ﬁ]lm;ﬁ of pipelines. Journal of Pressure Vessel
Technology, 138(3).

[21]Vasconcelos, |., & Wright, 5. ]. (2005). Applications and limitations of single-phase
models to the description of the rapid filling pipe problem. Journal of Water
Management Modeling.

[22|Wang, I.., Wang, I | - & Huang, ]. (2019). Numerical investigation of filling transients in
small-scale pipelines with submerged outlet. Journal of Hydrodynamics, 31(1), 145-151.

[23|Wang, .., Wang, b & Le, X. (2018). Investigation on friction models for simulation of
pipehine filling transients. Journal of Hydraulic Research, 56(6), 888-895.

[24|Wylie, F. B., Streeter, V. L., & Suo, L. (1993). Fluid transients in systems (Vol. 1, p. 464).
Englewood Cliffs, NJ: Prentice Hall,

|25]Zhou, 1., & Liu, D, (2013). Experimental investigation of entrapped air pocket in a
partially full water pipe. Journal of Hydraulic Research, 51(4), 469-474.

|2(J|/,h<)u, I, Cao, Y., Karney, B., Bergant, A,, Tijsseling, A. S, Ly, D., & Wang, P. (2020).

I xpulsion of Fatrapped Air in a Rapidly Filling Horizontal Pipe. Journal of Hydraulic
Fngineering, 146(7), 04020047, '

[27)Zhou, 1., Liu, DY, & Ou, C. Q. (2011). Simulation of flow transients in a water filling
pipe containing entrapped air pocket with VOF model. Engineering Applications of
Computational Fluid Mechanics, 5(1), 127-140.

[28] 7 hou, 1., Liu, DY, & Ou, C. Q. (2011). Simulation of flow transients mn a water filling
pipe containing entrapped air pocket with VOF model. Engineering Applications of
Computational Fluid Mechanices, 5(1), 127-140.

[29]Zhou, 1., Pan, "I, Wang, H., Liu, D., & Wang, P. (2019). Rapid air expulsion through an
orifice in a vertical water pipe. Journal of Hydraulic Research, 57(3), 307-317.

130|Zhou, 1., Wang, H., Karney, B., Liu, D., Wang, P., & Guo, S. (2018). Dynamic behavior
of entrapped air pocket in a water filling pipeline. Journal of Hydraulic Engineering,
144(8), 04018045,

Odgovorno potvrdulem da sam saglasan sa temom koja se prijavljuje.

Meﬁtor Prof. dr Uros Karadzic¢
D MSc Vuko Kovijanié

M
LYo/ T

Odgovorno izjavljujem da doktorsku disertaciju sa istom temom nisam prijavio/la ni na jednom
drugom Univerzitetu.

U Podgorici,

19.07.2021.
g%ga Kov

MP

Obrazac PD: Prijava teme doktorske disertacije



Vuko Kovijanic
Ul. Gavra Vukovic¢a bb, 81000 Podgorica, Crna Gora
Telefon: +382 67 610 650
e-mail: vuko.kovijanic@ee-me.org
Datum rodenja: 5. novembar 1986.

Vuko Kovijanic¢ je masinski inZenjer iz oblasti hidroenergetike, sa viSegodisnjim :’skustviom u erojekta\fanju,
izvodenju, nadzoru i upravijanju hidroenergetskim objektima i postrojenjima za proizvodnju tl::fe?ktnfne
energije. Tokom svoje karijere je radio kao lider na projektima malih hidroelektrana, kroz koje ,:'e porec'!.

svoje struke stekao napredno znanje i iskustvo iz povezanih oblasti: obnovljivih izvora energije, hr_t?ro.\‘ogue,
ekologije, geodezije, hidro-tehnike, elektro- tehnike i ekonomije. Trenutno je na doktorskim studijama na
kojima se bavi istraZivanjem hidraulickih prelaznih procesa u sistemima pod pritiskom.
OZenjen je i ima jedno dijete.

Obrazovanje

2019 - trenutno — Univerzitet Crne Gore, Masinski fakultet u Podgorici, Crna Gora —
Doktorske studije — Hidraulicki prelazni procesi u sistemima pod pritiskom

Oblast istraZivanja doktorske disertacije:
- Hidraulu¢ni prelazni procesi — Hidrauliéni udar
- Numericko i eksperimentalno istraZivanje prelaznih procesa uslijed interakcije vazduha i vode
tokom naglog punjenja i praznjenja cijevnog sistema pod pritiskom

2010 - 2019 - Univerzitet Crne Gore, Masinski fakultet u Podgorici, Crna Gora —
Magistarske studije — Magistar masinstva (Funkcionalna aplikacija za proraéun osnovnih parametara kod
malih hidroelektrana)

2005 - 2010 - Univerzitet Crne Gore, Masinski fakultet u Podgorici, Crna Gora —
Osnovne i Specijalisticke studije — Diplomirani masinski inZenjer (Idejno rjesenje male hidroelektrane na
Bjelojevickoj rijeci)

Radno iskustvo

Jul 20189. - trenutno
“Kronor” d.o.o. — Bul. Diord?a Vasingtona, Capital Plaza, 116/09, 81000 Podgorica, Crna Gora
Izvréni direktor

® lzrada analize rentabilnosti projekata OIE;

* Evaluacija razvoja i ulaganja u nove projekte OIE;

* Posredovanje u razmatranju kupovine/prodaje energetskih objekata;

®  Tehnicki rukovodilac malih hidroelektrana u fazi eksploatacije;

* Monitoring funkcinisanja, organizacija odrzavanja i unapredivanje postojecih mHE;
* Finansijske analize projekata OIE;

* Koordinisanje pravnih i finansijskih poslova;

* Odnosi sa javnoscéu.



Novembar 2014. ~ Jul 2019,
“Kronor” d.o.o. - Bul. DZordza Vasingtona, Capital Plaza, 116/09, 81000 Podgorica, Crna Gora
Tehnicki rukovodilac

Tehnicki rukovodilac na izgradnii i pudtanju u rad malih hidroelektrana;
Evaluacija, optimizacija i unapredivanje prethodnih projektnih resenja;
Ovlas¢eni predstavnik za ugovaranje izvodenja radova i nabavku opreme za potrebe mHE.

Novembar 2014, - trenutno

“M&J Invest” d.o.0. — Bul. DZord#a Vagin

Tehni¢ki rukovodilac

Tehnicki konsultant pri izradi projektnih reenja za autonomno vodosnabdevanje hotelskog
kompleksa;

Tehnicki konsultant pri izradi projektnog resenja zahvata morske vode za potrebe klimatizacije
hotelskog kompleksa;

lzrada Idejnih rjedenja malih hidroelektana;

Izrada Glavnih projekata malih hidroelektrana;

Vr3ilac Revizije projekata malih hidroelektrana;

Vrdilac Nadzora na izvodenju malih hidroelektrana;

Izrada hidrologkih studija;

Tehni&ki rukovodilac malih hidroelektrana.

Novembar 2012. - Oktobar 2014,
"Hldroenergija Montenegro” d.o.0. — UI. arh. Milana Popovica 7, 81000 Podgorica, Crna Gora,
Menadzer za projektovanje i tehnigka podrika

Saradnik na izradi Glavnih projekata malih hidroelektrana;

Saradnik na izradi Idejnih riesenja;

Izrada hidrologkih analiza;

Saradnik na izgradnji malih hidroelektrana;

Koordinisanje na implementaciji i odrZavanju mjernih stanica;

Korid¢enje mjernih instrumenata i obrada podataka;

Koordinisanje postupaka prikupljanja saglasnosti i dobijanja gradevinskih dozvola.

Oktobar 2010. - Oktobar 2012,
“Sistem” d.0.0. - UL, Slobe 72, 81000 Podgorica, Crna Gora, Www.sistem-mne.com
Menadier za projektovanje i tehnicka podrika

L]

Saradnik na izradi Glavnih projekata;

Saradnik na izradi Idejnih rjesenja;

Saradnik na izradi preliminarnih studija iskori$¢enja vodotoka;

Izrada hidrologkih analiza;

Ugradnja i odrZavanje mjernih stanica;

KoriS¢enje mjernih instrumenata i obrada podataka;

Koordinisanje prikupljanja saglasnosti i dobijanja gradevinskih dozvola;
Javne prezentacije medunarodnog projekta.

gtona, Capital Plaza, 116/09, 81000 Podgorica, Crna Gora



Januar 2010. — Jun 2010. (tokom studiranja)
Odsjek za obnovljive izvore energije, Ministarstvo Ekonomije Vlade Crne Gore -

Energetski savjetnik

. PruZanje savjeta za prikupljanja saglasnosti za dobijanje gradevinskih dozvola za mHE;
. Rad sa koncesionarima na vodotocima predvidenih za izgradnju malih hidroelektrana;
o Energetska dozvola - davanje misljenja o idejnim rjeSenjima;

. Pisanje obavjeStenja i novosti;

. Organizacija sajta www.oie.me.

April 2009. - Jul 2009. (tokom studiranja)
GTZ i Ministarstvo ekonomije - Info centar za energetsku efikasnost
Energetski savjetnik

e Rad sa gradanima i pruzanje potrebnih informacija o energetskoj efikasnosti.

Objavlieni radovi:

e Vilotijevi¢ V., Karad#i¢ U., Vujadinovié R., Kovijanié V., BoZi¢ M., (2021). An improved techno-economic
approach to determination of more precise installed parameter for small hydropower plants, in
publication process (u procesu objavljivanja).

e Karadzi¢ U., Kovijanié V., Vujadinovié R. (2014). Possibility for hydro energetic utilization of relatively
researched water streams. Water Resources, 41(6), 774-781.

Radovi sa konferencija:

e  Kovijani¢ V., Karadzi¢ U. Vujadinovié R. (2012). Assessment of possibility for hydro energetic utilization
of small water streams. Hidroenergia 2012, Wroclaw, Poland, 23-26 May.

Nauéno-istrazivacki projekti:

e  Katastar malih vodotoka sa mogucnoscu iskoriS¢enja hidroenergetskog potencijala, finansirano od
EBRD-a. (¢lan radnog tima) (2011-2012)

Rad na rafunaru:

e  MS Office paket (Word, Excel, PowerPoint, Access)
e  Matlab, Visual Basic paket, Ansys Fluent, Abaqus

e  Adobe llustration

e  AutoCad, Civil, ArcGIS, Mapinfo, GoogleEarth

Poznavanije jezika:

e  Maternji jezici — crnogorski, srpski, hrvatski
e  Drugi jezici — engleski (srednji nivo, B2)




Licence i sertifikati:

e Licenca ovlaitenog inzenjera za obavljanje djelatnosti izrade tehnitke dokumentacije i gradenja objekta
br. UPI 107/7 - 1783/2

e Licenca ovlaiéenog inZenjera za sloZene inZenjerske objekte, i to za proizodni elektro-energetski objekat
(elektrane snage 1MVA i vi$e, hidroelektrane, termoelektrane, vjetroelektrane, solarne elektrane i dr.)
br. 005-302/20 — 2035/2

e  Sertifikat za zavrieni napredni profesionalni trening iz obnovljivih izvora energije — hidroenergetika,
izdat od strane Bayern International i TUM-Tech u saradnji sa Bavarskim Ministarstvom ekonomije,
energetike i tehnologije. (Jun 2018.)
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Na osnovu ¢lana 165 stava | Zakona o opStem upravnom postupku ("Sluzbeni list RCG", broj 60/03.), &lana 115 stava 2

Zakona o visokom obrazovanju ( "Sluzbeni list CG", broj 44/14.) i sluzbene evidencije, a po zahtjevu studenta Kovijani¢
Vladimir Vuko, izdaje se

UVJERENJE O POLOZENIM ISPITIMA

Student Kovijanié Viadimir Vuko, roden 05-11-1986 godine u mjestu Podgorica, opitina Podgorica, Republika Crna
Gora, upisan je studijske 2019/2020 godine, u I godinu studija, kao student koji se samofinansira na doktorske
akademske studije, studijski program MASINSTVO, koji realizuje MASINSKI FAKULTET - Podgorica Univerziteta
Crne Gore u trajanju od 3 (tri) godine sa obimom 180 ECTS kredita.

Student je polozio ispite iz sljedec¢ih predmeta:

Redni _ ‘Broj ECTS

broj Semestar  Naziv predmeta Ocjena Uspjeh kredita
I. 1 AKVIZICIJA1OBRADA EKSPERIMENTALNIH PODATAKA AN (odlic¢an) 8.00
2. 1 CVFEM NUMERICKE METODE ZA FLUIDE | CVRSTA TUELA "B" (vrlodobar) 8.00
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4. 2  DVOFAZNITOK "A" (odli¢an) 8.00
5. 2 ODABRANA POGLAVLIA 1Z TURBINA "A" (odli¢an) 8.00

Zaklju¢no sa rednim brojem 5,

Ostvareni uspjeh u toku dosadasnjih studija je:
- srednja ocjena poloZenih ispita "A" (9.79)
- ukupan broj osvojenih ECTS kredita 38.00 ili 63.33%
- indeks uspjeha 6.20.

Uvjerenje se izdaje na osnovu sluzbene evidencije, a u svrhu ostvarivanja prava na: (djecji dodatak, porodicnu penziju,
invalidski dodatak, zdravstvenu legitimaciju, povlaséenu voZnju za gradski saobraéaj, studentski dom, studentski kredit,
stipendiju, regulisanje vojne obaveze i sli¢no).
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MASINSKI FAKULTET
KOMISIJA ZA DOKTORSKE STUDIJE

PREDMET: Predlog komisije za odbranu polaznih istraZivanja za izradu doktorske
disertacije

Odlukom Senata Univerziteta Crne Gore br. 03-4124/1-1 od 24.12.2019. godine, imenovan sam za
mentora na izradi doktorske disertacije kandidatu mr Vuku Kovijaniéu.

Posto su se stekli uslovi za odbranu polaznih istraZivanja, i na osnovu razgovora sa kandidatom mr
Vukom Kovijani¢em, predlazem Komisiju za odbranu polaznih istrazivanja za izradu doktorske
disertacije pod nazivom:

“Eksperimentalno i numericko istraZivanje prelaznih procesa izazvanih interakcijom vazduha i vode
tokom punjenja i praznjenja cijevnog sistema pod pritiskom”

u sledecem sastavu:

1. Prof. dr Igor Vusanovi¢, predsjednik,
2. Prof. dr Uro§ Karadzi¢, mentor,
3. Doc. Dr Milan Sckularac, ¢lan.
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E-mail: igorvus@ucg.ac.me

Education
2002 Ph.D. Degree, Mechanical Engineering, University of Montenegro;
1996 M.S. Degree, Mechanical Engineering, University of Montenegro;

1992 B.S. Mechanical Engineering Degree, University of Belgrade;
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Employment

2016 -

Dean of Mechanical Engineering, University of Montenegro

2012 -

Full Professor, University of Montenegro, Faculty of Mechanical Engineering;

2008 - 2012

Associate Professor, University of Montenegro, Faculty of Mechanical Engineering;
2003-2008

Assistant Professor, University of Montenegro, Faculty of Mechanical Engineering;
1996-2002

Assistant (Second Level), University of Montenegro, Faculty of Mechanical Engineering;
1992-1996

Assistant (First Level), University of Montenegro, Faculty of Mechanical Engineering

Honors

Purdue University, School of Materials Engineering, USA, Visiting Scholar, Fellowship of
Ministry of Science of Montenegro, 1999

Ministry of Science and Education Scholarship, 1989/90, 1990/91, and 1991/92,
(granted to students with high scholastic record)

Grants

University of Belgrade, Best student of generation 1992

Professional Societies

ASHRAE, Associate Member, USA

Research Interests

The main thrust of my research was the mathematical and numerical modeling of differ-
ent transport phenomena processes. One of the purest examples is solidification of multi-
component alloys. Concentration equation is additionally accompanied to the standard
set of equations (flow and energy equation) and therefore additional thermodynamic
modeling is necessary to get closed set ready to be solved. This additional model is known
in literature as microsegregation model and in multicomponent system is usually based
on two different sets of equations: generic conservation equations of enthalpy and con-
centration and comprehensive phase diagram that describes relation between phases
that precipitates during the freezing process.

Next research interest is developing of different numerical techniques for solving stand-
ard set of transport equations. Recently we developed solution based on CVFEM numeri-
cal scheme (Control Volume Finite Element Method) which was applied in case of geo-
thermal modeling of “U” type heat exchangers. Heat pumps as a devices is one of the key
global solutions to the path of decarbonization in household and building stock in every
city. We are interested to explore possibilities to use the soil as a heat sink and source for



heat pump systems, on sustainable way to preserve existing plants and keeping soil en-
ergy balances in both summer and winter season.

Another field that we are interested in our group is dynamic modeling of heat and cooling
demands for building stock and household, in order to construct and design so called zero
energy buildings (ZEB). Numerical techniques for this comprehensive modeling is based
on solving of basic heat transfer equations of heat transfer, using periodic behavior of heat
load in buildings and unsteady cooling, and solving of phenomena of heat island in cities.

Next field of interest is energy planning toward the implementation of RES in energy sys-
tem in Montenegro. We are interested to see behavior of baseload in Montenegro and how
this demand can be fitted with different types of renewable energy sources.

In the field of RES we are also interested for modeling of low frequent noise generated
with wind turbines. This renewable energy source devices produce noise caused by tur-
bulent flow and can affect leaving creature and birds in near surrounding. Our mission is
to build a comprehensive models and have a basic knowledge to response on this im-
portant issue in next couple of decades.

Ph.D. Thesis: "Analysis of Phase Change Phenomena in Multicomponent Systems with
Aspects of Technical Applying”

M.S. Thesis: "Analysis of ice making and melting processes by using modify “enthalpy
method”, in ice storage systems”
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ley National Laboratory, Berkeley, CA, USA
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1. Dr Petar Vukoslavcevi¢, Professor, Faculty of Mechanical Engineering, University of
Montenegro, Podgorica, Yugoslavia

2. Dr Nenad Kazi¢, Professor, Faculty of Mechanical Engineering, University of Montene-
gro, Podgorica, Yugoslavia

Research Activity

Over the past 27 years, I have conducted studies about:

e Modeling of two-phase flow (water-steam) in evaporator channels with couple of dif-
ferent mathematical models,

e Phase change phenomena in ice water system using modify "enthalpy" method for de-
scribing energy balance equation,

e Phase change phenomena during the solidification of two and three component alloys
with special attention on Al-Cu-Mg alloy,

e Modeling of heat transfer in vertical U type heat exchangers,

e Modeling of dynamic behavior toward the zero energy buildings,

During the undergraduate study and for graduate work I have developed different math-
ematical models for predicting heat and mass transfer in evaporator channels. The most
simply model treat two phase mixture as homogenous, but it can be successfully used for
calculating the pressure drop and temperature profiles in 1-D channels trough the time.
Most advanced model of characteristics has been developed also, and it can be success-
fully used for predicting fast heat and mass transfer processes in evaporator channels.
Those phenomena occur in many technical systems (stream generators, heat exchangers,
and steam boilers) during the accident, which happens under the undesirable conditions.

During the Master degree study I made efforts to developing mathematical and numerical
models for describing phase change phenomena in ice water system. Transport phenom-
ena during the phase change in ice water system are important in many systems of latent
energy storage, which is commonly used for energy saving in processes that demand low
energy consumption. Mathematical model for describing phase changes phenomenain ice
water that's developed treat problem as 2-D unsteady. An energy balance equation is writ-
ten with enthalpy instead of temperature, and special algorithm is developed for calculat-
ing local temperature and fraction of solid and liquid, knowing mixture enthalpy. Isother-
mal character of phase change phenomena was a main difficulty in order to get tempera-
ture and mass fraction of solid phase field from mixture enthalpy, known from governing
equations.

During my Ph.D. study, I worked on mathematical and numerical modeling of transport
phenomena in ternary Al-Cu-Mg alloy as multi-component system. Macrosegregation i.e.
redistribution of alloying elements which occurs in ingot scale is usually induced by a rel-
ative movement of both solid and liquid phase during the casting process, and can be suc-
cessfully described with standard set of transport equations (mass, momentum, energy
and concentration). As a constitutive correlation for macroscopic set of equations, generic
ternary phase diagram of ternary Al-Cu-Mg alloy and appropriate microsegregation
model has been implemented. This microscopic model was used to compute local temper-



atures, solid and liquid fractions and compositions of both alloying elements. The differ-
ent sets of equations were used for primary and subsequent solidifications. The non-equi-
librium in primary phase is enforced as well as diffusion that is modeled 1-D planar model.
Compositional profiles of Cu and Mg in primary, secondary and ternary phase can be cal-
culated with represented model, as well as ratio between phases and diffusion of Cu and
Mg in primary phase.

After finishing of my Ph.D. dissertation the main research is focused on experimental val-
idation of macro and micro modeling of ternary Al alloys. Experimental installation is
composed from metal mold, electrical heaters and water-cooled heat exchanger for heat
removal during the casting. Temperature measurements have been performed at the all
six sides of mold, while the measurements inside the mold are taken too. Aluminum based
Al-4wt%Cu-1wt% Mg alloy was cast couple of times and temperature and compositional
measurements have been cut and compared with predicted values. Also, alloy Al-
32wt%Cu-2wt%Mg is also cast with similar conditions as previous mentioned. The pur-
pose of those experiments is to evaluate model that was developed during my PhD study.
Some of these results have been published at EUROTHERM 69 Conference, held in Slove-
nia 2003.

During the period 2004 - 2008 I participated in two separate projects in the frame of sci-
entific cooperation with Slovenian institutions (University of Nova Gorica), and we suc-
cessfully worked on developing of microsegregation codes for ternary commercial alloys
(Al-Cu-Mg, Al-Mg-Si, Al-Fe-Si) which are of interest of company IMPOL d.d (www.impol.si)
from Slovenska Bistrica. The all developed codes were successfully implemented in well
known macroscopic mixture models and codes for vertical (VDC) and horizontal (HDC)
casting of ternary aluminum alloys.

Teaching Experience

At the Faculty of Mechanical Engineering and Faculty of Metallurgy and Technology at
University of Montenegro I have taught as an Assistant the following graduate courses:

- Thermodynamics

- Refrigeration systems,

- Steam Boilers,

- Heating and Ventilation,

- Fluid Mechanics.
After finishing my Ph.D. work after | was promoted in Assistant Professor [ started teach
two new established courses:

- Numerical Heat Transfer and Fluid Flow;

- Measuring and Simulations of Energy Processes;
These courses were performed for a first time at the Faculty of Mechanical Engineering in
school year 2003/2004.
After 2006 I started teach

- Air conditioning at the Faculty of Mechanical Engineering;

- Thermodynamics at Maritime faculty in Kotor.
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Conference Numerical Heat Transfer , Gliwice-Wroctaw, Poland , 4-6 September 2012.
Eds.: A. Nowak, R.A. Biatecki

E. Tombarevié¢, . VuSanovié, “Control Volume Finite Element Method for two and
three dimensional advection-diffusion problems*, ICCES Special Symposium on Mesh-
less & Other Novel Computational Methods, Budva, Montenegro, September 2012.

B. Sarler, R. Vertnik, A. Z. Lorbiecka, . Vu$anovi¢, B. Sen¢i¢, “A multiscale slice model
for continuous casting of steel”, Modeling of Casting, Welding and Advanced Solidifica-
tion Processes (MCWASP X111 2012), Schladming, Austria, June 2012

I. Vuanovié, R. Vertnik, B. Sarler, “A simple slice model for prediction of macrosegre-
gation in continuously cast billets: influence of different solid diffusion models®, In-
ternational symposium on liquid metal processing and casting, LMPC, Nancy, France,
September, 2011

I. Vusanovié, R. Vertnik, B. Sarler, “A simple slice model for prediction of macrosegre-
gation in continuously cast billets“,3" International Conference on Advances in Solidi-
fication Processes, Rolduc Abbey/Aachen, Germany, June 2011

L. VuSanovi¢, M. ]J. M. Krane, “Macrosegregation in horizontal direct chill casting of ter-
nary Al alloys: Investigation of solid motion*, 37 International Conference on Advances
in Solidification Processes, Rolduc Abbey/Aachen, Germany, June 2011

E. Tombarevi¢, . Vusanovi¢, “3D Numerical model of the borehole heat exchanger®,
Slovenian-Italian Conference on Materials and Technologies for Sustainable Growth,
University of Nova Gorica, Ajdovscina, Slovenia, May 2011

L. VuSanovi¢, “Energy efficiency in building sector: solutions for heating and air con-
ditioning in Montenegro”, Third International Conference GNP 2010, Zabl]’ak,
Montenegro, 2010.

E. Tombarevi¢, 1. VuSanovi¢, “Modelling of ice melting in horizontal annulus using en-
thalpy method”, First International Conference on Computational Methods for Thermal
Problems, ThermaComp 2009, Naples, Italy, 2009.

E. Tombarevi¢, 1. VuSanovi¢, “Influence of inner pipe wall temperature on freezing of
water in a horizontal cylindrical annulus”, EUROTHERM Nr. 84 Thermodynamics of
phase change, Namur, Belgium, 2009.

I. VuSanovi¢, “Macrosegregation of ternary Al - 4.5wt%Cu - 1.0wt% Mg alloy in hori-
zontal direct chill casting - implementation of non-equilibrium microsegregation
model” Proceedings of the Second International Conference on Advances in Solidifica-
tion Processing, Graz/Seggau, Austria, June 2008.

M. Sekularac, I. Vu$anovié¢, “Mathematical modeling of HVAC instalations®, Klima Fo-
rum 2007, Godovic, Slovenia, September 2007

I. VuSanovi¢, I. VujosSevi¢, “Energy efficiency strategy in Montenegro — implementation
and challenges®, Klima Forum 2007, Godovic, Slovenia, September 2007.

I. Vusanovié, B. Sarler, “Modeling of micro and macro segregation in DC casting of ter-
nary Al based alloys“, EUROMAT 2007, Nurnberg, Germany, September 2007.

I. VuSanovi¢, M. ]J. M. Krane, “Macrosegregation in horizontal direct chill casting (HDC)
of aluminium binary alloys billets- influence of casting parameters,” in Solidification
Processing 07, H. Jones et al. (eds.), pp 428-432 (2007).




30. L. VuSanovi¢, M.J.M. Krane, “Macrosegregation In Horizontal Direct Chill Casting (HDC)
Of Aluminum Alloy Billets - Influence Of Casting Parameters”, Proceedings of the 5th
Decennial International Conference on Solidification Processing, Sheffield, UK, July
2007.

31. U. Karadzi¢, A. Bergant, 1. Vusanovi¢, “Influence of unsteady friction on transients in
hydraulic pipeline systems”, 12t Symposium on thermal science, Sokobanja, Serbia,
October 2005.

32. N. Kazi¢, L. VuSanovi¢, “Exergy and HVAC”, Klima forum 2006, Godovic, Slovenia, Sep-
tember 2006.

33. Sarler, B., Kovacevi¢, I, Vertnik, R., Hartman, S., Vuanovié, L., Zaloznik, M., Safhalter,
R, Slacek, E., Dragojevic, V., Jelen, M., Strnad, V., Robic, A. : Integrated numerical sim-
ulation approach in IMPOL aluminium industry casthouse, International Conference
on Aluminium in conjunction with the 6th World Trade Fair, Essen, Germany, Septem-
ber, 2006.

34. 1. Vu$anovi¢, B. Sarler, M.].M. Krane, “Microsegregation during the solidification of an
Al-Mg-Si alloy in the presence of back diffusion and macrosegregation”, International
Conference on Advances in Solidification Processes, Stockholm, Sweden, 2005.

35. L. VuSanovi¢, M.].M. Krane, “Mathematical model for microsegregation of Al rich Al-
Cu-Mg alloys with considering of diffusion in primary phase”, Il International Sympo-
sium LIGHT METALS AND COMPOSITE MATERIALS, Belgrade, Serbia & Montenegro,
2004.

36. L. VuSanovi¢, M.J.M. Krane, “Numerical and Experimental study of Macrosegregation
During the Casting of Al-Cu-Mg Alloys”, EUROTHERM 69 Heat and Mass Transfer in
Solid - Liquid Phase Change Processes, Ljubljana, Slovenia, 2003.

37. V.D. Asanovic, L. VuSanovi¢, Z.B. Markovic, A. Kostov, B. Bosnjak, B. Radulovic, “The
influence of the heat treatment on martensitic transformation and properties of Cu-
Zn-Al shape memory alloys”, 3" Macedonian Conference of Metallurgy, Ohrid, 2000.

38. V.D. Asanovic, Z.B. Markovic, I. Vusanovi¢, B. T. Bosnjak, B. Radulovic, A. Kostov, “Iso-
thermal decomposition of B1 phase in Cu-Zn-Al shape memory alloy”, 2nd International
Conference on "Chemical Sciences for Sustainable Development”, Greece, 2000.

39. V.D. Asanovic, B. Perovic, Z. Markovic, A. Kostov, 1. VuSanovié, “Thermoelastic mar-
tensitic transformation and shape memory effect in Cu-Zn-Al alloys”, YUCFPCE (Yugo-
slav Congress of food, pharmaceutical and Chemical engineering), Novi Sad, 1999.

40. L. VuSanovi¢, “Numerical modeling of phase change in ice-water system by using mod-
ify entalphy method”, 10t Symposium YU - TERM '97, Zlatibor, 1997.

41. L. VuSanovi¢, N. Kazi¢, “One numerical approach to the process in the ice storage de-
vice”, 12t [nternational Congress of Chemical and Process Engineering - CHISA '96, Pra-
gue, 1996.

42. 1. VuSanovi¢, V. Stevanovic, M. Studovic, “Transferring of waves in evaporator channel
with disturbances of intake fluid flow”, 24th Congress KGH, Belgrade, 1993.

43. 1. VuSanovié, V. Stevanovic, M. Studovic, “Mathematical model of forced and natural
circulation - Modular approach”, 23 Congress KGH, Belgrade, 1992.

D. Papers published in the proceedings of domestic conferences (in Serbian)

1. Karadzi¢, U., Bergant, A., Vusanovic, I. “Validacija konvolucijskog modela nestacionar-
nog trenja za prelazne procese u hidraulickim cijevnim sistemima”, 30. HIPNEF sa
medunarodnim uces¢cem 24-26 maj, Vrnjacka Banja, Srbija, 2006.



2. V.D. Asanovic, B. Perovic, Z. Markovic, I. VuSanovi¢, “Aging effect on shape memory in
Cu-25.38Zn-3.3Al", XXXIX Meeting of Serbs Chemical Society, Belgrade, 1999.

3. V. Asanovic, B. Perovic, Z. Markovic, I. Vusanovié, A. Kostov, “The influence of heat
treatment on shape memory effect”, YUCOMAT '99, Herceg Novi, 1999.

4. 1. VuSanovi¢, N. Kazic, “Analysis of ice making process with various regimes of work
of ice storage and their influence on efficiency of system”, Industrial Energetics '96,
Herceg Novi, 1996.

5. L VuSanovi¢, “Model simulation of thermohydraulic instabilities in two phase flow”,
Symposium "Thermohydraulics '94", Belgrade, 1994.

6. N.Kazic, . VuSanovi¢, “Processes of making and melting of ice in ice storage sys-
tems”, Industrial Energy '94, Belgrade, 1994.

7. 1. VuSanovi¢, N. Kazic, “Numerical Modeling of natural convection in Thermal Cavity”,
Industrial Energy '94, Belgrade, 1994.

E. International & National Scientific Projects on which I. Vusanovi¢ participated

1. I._VuSanovi¢, “Modeliranje i optimizacija potroSnje energije u rezidencijalnim objek-
tima u realnom vremenu (MOPEREV)”, Ministarstvo nauke Crne Gore, 2021 - 2022.

2. 1. VuSanovi¢, V. R. Voller, M. Valant, E. Tombarevi¢, “Numericko i eksperimentalno
istraZivanje mogucnosti koriS¢enja geotermalne energije za potrebe rada geotermal-
nih toplotnih pumpi”, Ministarstvo nauke Crne Gore, 2012 - 2015.

3. L Vu$anovié, B. Sarler, ” Modelling of industrial solidification processes under influ-
ence of electromagnetic fields”, Financed and supported by Ministry of Science of Mon-
tenegro and Ministry of Science, Education and sport of Slovenia, Bl - SCG/2014 - 2015.

4. V. Novakovi¢, M. Vukcevi¢, 1. Vusanovi¢, “HERD QIMSEE - Higher Education Research
& Development - Quality Improvement in Science, Engineering and Education, Fi-
nanced by Norwegian Ministry of foreign affairs with NTNU University, Trondheim,
2014 - 2016.

5. 1. Vusanovi¢, W. Chen, “Implementation of fast meshless simulations methods on solid
mechanics and heat transfer problems in large scale structures”, Financed and sup-
ported by Ministry of Science of Montenegro and Ministry of Science of China, in the
frame of Montenegrin - Chinese Science & Technology cooperation Bl - CHN/2014 -
2016.

6. 1. Vusanovié, B. Sarler, ” Advanced modeling of continuous casting of steel”, Financed
and supported by Ministry of Science of Montenegro and Ministry of Science, Educa-
tion and sport of Slovenia, Bl - SCG/2012 - 2013.

7. 1. Vu$anovié, B. Sarler, “Multiscale modeling of continuous casting of steel”, Financed
and supported by Ministry of Science of Montenegro and Ministry of Science, Educa-
tion and sport of Slovenia, BI - SCG/2010 - 2011.

8. I.Vusanovi¢, B. Sarler,”Modeling of micro and macrosegregation of ternary aluminium
alloys obtained through DC casting and twinroll casting”, Financed and supported by
Ministry of Science of Montenegro and Ministry of Science, Education and sport of
Slovenia, BI - SCG/06-07.

9. I Vusanovi¢, B. Sarler, “Modeling of phase change phenomena in Al alloys”, Financed
and supported by Ministry of Science of Montenegro and Ministry of Science, Educa-
tion and sport of Slovenia, BI - SCG/04-05.

10. D. Gobin, B. Sarler, I. Vuanovi¢, ” Advances in simulation capabilities for solidification
systems”, Programme ECO-NET 2005.



11.

12.

I. VuSanovi¢, “Development of ternary microsegregation models for direct-chill casting

and twin-roll strip casting of Al based alloys, IMPOL d.d., 2004.
I. VuSanovi¢, "Measuring and Simulation of Energetic Processes”, CDP+ Project No. 011
(2) supported and financed by WUS Austria, 2005.

F. Graduate students supervisions

F.1 Master thesis — Advisor (A) and Committee member (M)

1.

Maliq Pireci, “Uporedna analiza proracuna koris¢enjem standarda MEST EN ISO
13790 i software-a RETScreen za potrebe analiza energetske efikasnosti objekata”,
University of Montenegro, Faculty of Mechanical Engineering, December 2019. (A).
Marko Deki¢, “Energy use analysis of residential building equipped with heat pumps
in Montenegro”, University of Montenegro, Faculty of Mechanical Engineering, Octo-
ber 2017. (A).

Esad Tombarevi¢, “ Modelling of phase change in ice storage with horizontal pipe”,
University of Montenegro, Faculty of Mechanical Engineering, March 2009. (A).
Milan Sekularac, “Analysis of dynamic of operation of a HVC system heat pump - air
conditioning unit”, University of Montenegro, Faculty of Mechanical Engineering, July
2008. (A)

UroS$ Karadzi¢, “Analysis fluid transients phenomena in hydraulic systems”, University
of Montenegro, Faculty of Mechanical Engineering, October 2004. (A)

Sanja Radovi¢, “Investigation of controlled cooling in continuous rolling of iron bars”,
University of Montenegro, Faculty of Metallurgy and Technology, University of Mon-
tenegro, December 2004. (M)

F.2 Ph.D thesis - Advisor (A) and Committee member (M)

7.

10.

Boris Hrnci¢, “Mathematical modelling and multi-criterion optimization of transient
heat transfer in building sector in Montenegro”, PhD thesis, University of Montenegro,
Faculty of Mechanical Engineering, in progress.... (A)

Vidosava Vilotijevi¢, “Numerical simulations and field data analyses of aerodinamical
noise generation by wind turbine, PhD thesis, University of Montenegro, Faculty of
Mechanical Engineering, in progress.... (A)

Esad Tombarevi¢, “Analysis of unsteady heat transfer in the geothermal u-tube bore-
hole heat exchangers” PhD thesis, University of Montenegro, Faculty of Mechanical
Engineering, July 2016. (A)

UroS$ Karadzi¢, "Modelling of complex boundary conditions for transients in hydraulic
systems”, University of Montenegro, Faculty of Mechanical Engineering, November
2008. (M)

G. Lectures

1.

[. VuSanovi¢, “Horizontal direct chill castings of aluminum alloys: challenges and per-
spectives ", University of Ljubljana, Faculty of Mechanical engineering, September
2019 (invited lecture).

[. VuSanovi¢, “Current Challenges in Modeling Solidification Processes", Warren Lec-
ture Series at Department of Civil, Enviromental and Geo - Engineering, University of



Minnesota, September 2017 (invited lecture).

3. L _VuSanovi¢, “Modeling issues in transport phenomena with phase change in multi-
component systems “, Nanjing University, February 2014 (invited lecture)

4. 1. VuSanovi¢, “ Micro and Macrosegregation during the DC casting in ternary Al”, Uni-
versity Pierre & Marie CURIE, Fast Laboratory, September 2006, (seminar);

5. L VuSanovi¢, “Micro-macrosegregation in ternary alloys - review of previous work and
future challenges”, University of Birmingham, School of Engineering, June 2006, (in-
vited lecture);

6. L VuSanovi¢, "Numerical and experimental modeling of macrosegregation in ternary
aluminum alloys, Nova Gorica Polytechnic, March, 2004 (invited lecture)

H. Strategies Expertise on which 1. Vusanovi¢ participated as an author or co - au-
thor (on serbo-croatian)

1. N. Kazi¢, P. Vukoslavcevié, D. Ivanovié, 1. VuSanovié, U. Karadzié, V. Ivanovié, E.
Tombarevié¢, M. Sekularac, “Elaborat za rje$avanje problema zagadjenosti u Pljevljima,
Centar za Energetiku, MaSinski fakultet UCG, Jun 2015.

2. 1. Vusanovi¢, “Crna Gora u XXI stoljecu u eri kompetitivnosti, Podprojekat ENERGIJA,
Crnogorska Akademija Nauka i Umjetnosti (CANU), Podgorica, April 2010 (u izradi).

3. H. Birkeland, K. O. Nerland, V. Rodi¢ Igor VuSanovi¢, “Montenegro - Prestudy Energy
Efficiency and Renewable Energy Agency in Montenegro“, NORSK ENERGY, Project No.
04 - 28499, April 2008.

4. 1. Vujosevi¢, . VuSanovi¢, F. Daganaud, “Energy Efficiency Strategy for Montenegro with
action plan for 2005 - 2006, Technical assistance to the Ministry of Economy and EPCG,
Podgorica, April 2005.

5. I. VuSanovié, V. Culafi¢, R. Bulatovié, D. Baji¢, M. Janji¢, “Elaborat Stru¢ne Komisije u Vezi
havarije na Autoklavu Ral5 u Fabrici Glinica u KAP-u“, Masinski fakultet Univerziteta
Crne Gore, Podgorica, Novembar 2004.

I. Monography, Books on which 1. VuSanovi¢ participated as an author, co - author
and editor

1. S.N. Atluri, I. VuSanovi¢ (eds), “Computational and Experimental Simulations in Engi-
neering”, Mechanisms and Machine Science 97, Proceedings of ICCES 2020. Volume 2,
SPRINGER Nature, 2021.

2. S.N. Atluri, . VuSanovic¢ (eds), “Computational and Experimental Simulations in Engi-
neering“, Mechanisms and Machine Science 97, Proceedings of ICCES 2020. Volume 1,
SPRINGER Nature, 2021.

ISSN: 2211-0984, https://doi.org/10.1007/978-3-030-64690-5

3. L. VuSanovi¢, M. Janji¢, V. Lubarda, “50 godina MaSinskog fakulteta Univerziteta Crne
gore: 1970 - 2020, Univerzitet Crne Gore Cetinjska br. 2, ISBN 978-9940-527-54-9,
Podgorica, 2020.



https://doi.org/10.1007/978-3-030-64690-5

Univerzitet Crne Gore Broj / Ref ML

adresa [ address_Cetinjska br. 2
81000 Podgorica, Cria Gora
telefon / phone_00382 20 414 255
Sfax_00382 20 414 230
mail_rektorat@ucg.ac.me

Datum / Date M ZUQQ_

web_www.ucg.ac.me

University of Montenegro

Na osnovu &lana 72 stav 2 Zakona o visokom obrazovaniju
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ODLUKU
O IZBORU U ZVANJE

Dr Uro$ Karadzi¢ bira se y akademsko zvanje redovni profesor
Univerziteta Crne Gore za oblast Termo i hidro energetika, na
MasSinskom fakultetu Univerziteta Crne Gore, na neodredeno
vrijeme.
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CURRICULUM VITAE

1. | Family Name Karadzié¢
First Name Uros
Maiden Name (if any)
2. | Date of Birth: 08.05.1974.
3. | Marital Status: Married, two children
4. | Sex: Male
5. | Address: Studentska street, Lamela 2, VV-40, 81000 Podgorica,
Montenegro
Telephone: +382 69 014 053, +382 67 510 232, +382 20 268 681
Fax: +382 20 206 131
E-mail: uros.karadzic@ucg.ac.me

6. Education (College and/or University or equivalent)

Name Years Degree Major Subject of Study
Attended Obtained

University of Research on Fluid
Montenegro, Faculty | 2005 - Transients Phenomena on
of Mechanical 2008 PhD ME Peruéica HPP,
Engineering Montenegro

University of

Montenegro, Faculty | 2000 — Fluid Transients, Water
of Mechanical 2004 MSc ME Hammer, Unsteady
Engineering Friction

University of
Montenegro, Faculty | 1992 -
of Mechanical 1999 BSc ME Air Conditioning
Engineering




Additional Education Information

Scholarships or

1. Scholarship from The Ministry of the Republic of

Academic Slovenia for Education, Science and Sport for two months
Distinctions: (January 2005 — February 2005)
Publications: 1. Books

1. Vukoslavéevi¢ P., Karadzi¢ U. (2010).
Fundamentals of Fluid Mechanics. Textbook,
University of Montenegro, Faculty of Mechanical
Engineering, Podgorica, Montenegro. (in Serbian)

2. Disertations

1. Karadzi¢ U. (2008). Modelling of complex
boundary conditions for transients in hydraulic
systems. PhD thesis, Faculty of Mechanical
Engineering,University of Montenegro,Podgorica,
Montenegro.(in Serbian)

2. Karadzi¢, U. (2004). Analysis fluid transients
phenomena in hydraulic systems. Master thesis,

Faculty of Mechanical Engineering,University of
Montenegro,Podgorica, Montenegro.(in Serbian)

3. Monographs
3.1. Part of scientific monograph

1. Karadzi¢, U. (2020). Mechanical engineering and
hydro energetics. Eds. Igor Vusanovi¢, Mileta Janjié,
Vlado Lubarda, Monograph 50 years of mechanical
engineering studies in Montenegro, University of
Montenegro, Faculty of Mechanical Engineering,
Podgorica, Montenegro. pp. 96-97, ISBN 978-9940-
527-54-9 (in Montenegrin)

2. Karadzi¢, U. (2005). Fluid transients and unsteady
friction in hydraulic pipeline systems. Monograph 35
years of mechanical engineering studies in
Montenegro, University of Montenegro, Faculty of
Mechanical Engineering, Podgorica, Montenegro. (in
Serbian)




4. Journal papers
4.1. Journal with impact factor

1. Karadzi¢ U., Bergant A., Starinac D., Bozovi¢ B.
(2019). Water hammer investigation of the shut-down
of a high-head hydropower plant at very high
Reynolds number flows. Strojniski Vestnik-Journal of
Mechanical Engineering, 65(7-8), 430-440.
DOI:10.5545/sv-jme.2019.6092

2. Karadzi¢ U., Jankovi¢ M., Strunjas$ F., Bergant A.
(2018). Water hammer and column separation induced
by simultaneous and delayed closure of two valves.
Strojniski Vestnik-Journal of Mechanical Engineering,
64(9), 525-535. DOI:10.5545/sv-jme.2017.4993

3. Bergant A., Tijsseling A. Kim Y., Karadzi¢ U.,
Zhou L., Lambert M.F., Simpson A.R. (2018).
Unsteady pressures influenced by trapped air pockets
in water-filled pipelines. Strojniski Vestnik-Journal of
Mechanical Engineering, 64(9), 501-512.
DOI:10.5545/sv-jme.2018.5238

4. Vujadinovi¢ R., Tombarevi¢ E., Karadzi¢ U.
(2017). Valorization of potentials of wind energy in
Montenegro. Thermal Science, 21(5), 1893-1903.
d0i:10.2298/TSCI1161201016V

5. Karadzi¢ U., Bulatovi¢ V., Bergant A. (2014).
Valve induced water hammer and column separation
in pipeline apparatus. Strojniski Vestnik-Journal of
Mechanical Engineering, 60(11), 742-754.

6. Karadzi¢ U., Kovijani¢ V., Vujadinovi¢ R. (2014).
Possibility for hydro energetic utilization of relatively
researched water streams. Water Resources, 41(6),
774-781.

7. Karadzi¢ U., Bergant A., Vukoslavcevi¢ P. (2009).
A novel Pelton turbine model for water hammer
analysis. Strojniski Vestnik-Journal of Mechanical
Engineering, 55(6), 369-380.

8. Bergant, A., Karadzi¢, U., Vitkovsky, J.,
Vusanovi¢, 1., and Simpson, A.R. (2005). A Discrete
Gas-Cavity Model that Considers the Frictional
Effects of Unsteady Pipe Flow. Strojniski Vestnik-



http://www.doiserbia.nb.rs/Article.aspx?ID=0354-98361700016V

Journal of Mechanical Engineering, 51(11), 692-710.
4.2. Journal without impact factor

1. Bergant A., Hassig S., Karadzi¢ U., Urbanowicz
K., Tijsseling A. (2021). Developments in
multiple-valve water hammer control. IOP Conf.
Series: Earth and Environmental Science, Vol.
774, doi: 10.1088/1755-1315/774/1/012008.

2. Urbanowicz K., Bergant A., Karadzi¢ U., Jing H.,
Kodura A. (2021). Numerical investigation of the
cavitating flow for constant water hammer
number. IOP Conf. Series: Journal of Physics:
Conf. Series, VVol. 1736, doi: 10.1088/1742-
6596/1736/1/012040.

3. Urbanowicz K., Bergant A., Duan H.F., Karadzi¢
U., Sobkow D. (2021). Alternative numerical
solution of transient flow in viscoelastic pipes.
IOP Conf. Series: Journal of Physics: Conf. Series,
Vol. 1736, doi: 10.1088/1742-
6596/1736/1/012038.

4. Brdanin R., Karadzi¢ U., Bergant A., 1li¢ J.
(2021). Influence of actuator pressure on electro-
pneumatic valve closure time and pipe pressure
rise. IETI Transactions on Engineering Research
and Practice, Vol. 5, Issue 1, pp 1-7, doi
10.6723/TERP.202102_5(1).0001

5. Brdanin R., Karadzi¢ U., Bergant A., Ili¢ J.
(2019). Recent developments in unsteady pipe
flow experimentation at the University of
Montenegro. IOP Conf. Series: Earth and
Environmental Science, VVol.405, doi:
10.1088/1755-1315/405/1/012019

6. Karadzié¢ U., Bergant A.(2018). Experimental
investigations of pipeline filling and emptying in a
small scale apparatus. JET Journal of Energy
Technology, Vol.11, Issue 2, pp 11-22, ISSN
1855-5748.

7. Bergant A., Mazij J., Karadzi¢ U. (2018). Design
of water hammer control strategies in hydropower
plants. Applied engineering letters, VVol.3, No.1, pp
27-33, e-ISSN 2466-4847,
https://doi.org/10.18485/aletters.2018.3.1.5

8. Kulji¢ S., Karadzi¢ U. (2017). Hydraulic analysis
of water supply system in town Nevesinje.
Machine design, VVol.9, No.4, pp 155-160, ISSN
1821-1259, DOI: 10.24867/MD.9.2017.4.155-160.

9. Bergant A., Karadzi¢ U., Tijsseling A. (2017).
Developments in multiple-valve pipeline column
separation control. IOP Conf. Series: Journal of




10.

11.

12.

13.

14.

15.

16.

17.

Physics: Conf. Series, 813, d0i:10.1088/1742-
6596/813/1/012015.

Bergant A., Karadzi¢ U., Tijsseling A. (2016).
Dynamic water behavior due to one trapped air
pocket in a laboratory pipeline apparatus. I0P
Conf. Series: Earth and Environmental Science,
\/0l.49, doi:10.1088/1755-1315/49/5/052007.
Vujadinovi¢ R., Karadzi¢ U. (2016). Techno-
economic analysis of the project Mozura wind
park with installed capacity of 46 MW,
Energetika-Ekonomija-Ekologija, ISSN 0354-
8651, god. XVIII, (in Montenegrin)

Vujadinovié¢ R., Karadzi¢ U. (2015). Education of
local governments as a way towards sustainable
development of the countries of the Western
Balkans — case study of Montenegro. EJSDR
European Journal of Sustainable Development
Research, Vol.1, Issue 1, pp 63-71.

Bergant A., Karadzi¢ U. (2015). Numerical and
experimental investigations of transient cavitating
pipe flow. JET Journal of Energy Technology,
Vol.8, Issue 2, pp 31-42.

Karadzi¢ U., Vujadinovi¢ R. (2013). Hydro
potential of Montenegro — status, perspective of
utilization and legislative framework. Energetika-
Ekonomija-Ekologija, ISSN 0354-8651, god. XV,
(in Serbian)

Karadzi¢ U., Bergant A., Vukoslavcevié¢ P.,
Sijamhodzi¢ E., Fabijan D. (2011). Water hammer
caused by shut-off valves in hydropower plants.
JET Journal of Energy Technology, Vol.4, Issue 2,
pp 47-54.

Vujadinovi¢ R., Boskovi¢ L., Karadzié U.
(2011). Renewable energy sources as alternative to
diesel generators in telecommunications
companies. Energetika-Ekonomija-Ekologija,
ISSN 0354-8651, god. XIII, br.2, pp 178-184. (in
Serbian)

Karadzi¢ U., Bergant A., Vukoslavcevi¢ P.
(2010). Water hammer caused by closure of
turbine safety spherical valves. IOP Conf. Series:
Earth and Environmental Science, Vol.12, pp 1-8.

5. Publications on conferences, symposiums and
seminars

5.1. International conferences




1. Brdanin R., Karadzi¢ U., Bergant A., Ili¢ J.
(2021). Experimental investigations of FSI
mechanisms in pipeline systems. DEMI 2021 - 15th
International Conference on Accomplishments in
Mechanical and Industrial Engineering, Banja Luka,
Republic of Srpska, BiH, 28-29 May, pp 195-200.

2. Brdanin R., Karadzi¢ U., Bergant A., Bozi¢ .
(2021). FSI effects caused by electro-pneumatically
operated ball valve. 6" IAHR Europe Congress,
Warsaw, Poland, 15-18 February.

3. Brdanin R., Karadzi¢ U., Bergant A., Ili¢ J.

(2020). Influence of actuator pressure on electro-
pneumatic valve closure time and pipe pressure rise.
5" International Scientific Conference on Mechanical
Engineering Technologies and Applications COMETa
2020, Jahorina, Republic of Srpska, BiH, 26! — 28"
November, pp 389-395.

4. Brdanin R., Ili¢ J. Karadzi¢ U., Bergant A. (2019).
Experimental water hammer setup at University of
Montenegro — description and possibilities. DEMI
2019 - 14th International Conference on
Accomplishments in Mechanical and Industrial
Engineering, Banja Luka, Republic of Srpska, BiH,
24-25 May, pp 195-200.

5. Vilotijevi¢ V., Karadzi¢ U., Bozi¢ L., 1li¢ J. (2019).
Design discharge determination for SHPPs with
capacity below 1 MW. DEMI 2019 - 14th
International Conference on Accomplishments in
Mechanical and Industrial Engineering, Banja Luka,
Republic of Srpska, BiH, 24-25 May, pp 297-302.

6. Ili¢ J., Bozi¢ 1., Karadzi¢ U., Brdanin R. (2019).
Comparative analysis of the hydro power plant
transient processes for various surge tank types and
improved guide vanes closing law. DEMI 2019 - 14th
International Conference on Accomplishments in
Mechanical and Industrial Engineering, Banja Luka,
Republic of Srpska, BiH, 24-25 May, pp 215-222.

7. Karadzi¢ U., lliev V., Bergant A. (2018). Fluid
structure interaction effects in small-scale pipeline
apparatus. International Conference Energy and
Ecology Industry. Belgrade, Serbia, 10-13 October.

8. Vilotijevi¢ V., Karadzi¢ U., Vusanovic¢ 1. (2018).
Determination of the degree of installed flow in small
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hydropower plants. International Conference Energy
and Ecology Industry. Belgrade, Serbia, 10-13
October.

9. Karadzi¢ U., Jankovi¢ M., Strunjas F. (2017).
Influence of the initial conditions on water hammer in
reservoir-pipeline-valve system. DEMI 2017 - 13th
International Conference on Accomplishments in
Mechanical and Industrial Engineering, Banja Luka,
Republic of Srpska, BiH, 26-27 May.

10. Vukovi¢ D., Vilotijevi¢ V., Karadzi¢ U. (2017).
Hydraulic transients calculations on Komarnica HPP.
DEMI 2017 - 13th International Conference on
Accomplishments in Mechanical and Industrial
Engineering, Banja Luka, Republic of Srpska, BiH,
26-27 May.

11. Bergant A., Karadzi¢ U. (2015). Developments in
valve-induced water hammer experimentation in a
small-scale pipeline apparatus. 12" International
Conference on Pressure Surges, BHR Group, Dublin,
Ireland, 18-20 November.

12. Karadzi¢ U., Bergant A., Mavri¢ R., Strunjas F.,
Buckstein S. (2015). Developments in pipeline filling
and emptying experimentation in a laboratory pipeline
apparatus. 6™ IAHR International Meeting of the
Workgroup on Cavitation and Dynamic Problems in
Hydraulic Machinery and Systems, Ljubljana,
Slovenia, September 09-11.

13. Bulatovi¢ V., Karadzi¢ U., Bergant A. (2013).
Investigation of water hammer and column separation
in unsteady friction dominated pipeline apparatus. 5
IAHR International Workshop on Cavitation and
Dynamic Problems in Hydraulic Machinery, EPFL,
Lausanne, Switzerland, September 08-11.

14. Bergant A., Mazij, J., Karadzi¢ U., Gale, J.
(2013). Assessment and mitigation of water hammer
effects in hydropower plants on environment. ENRE
3" International Conference Energy Technology,
Velenje, Slovenia, 20-21 June.

15. Prvulovi¢ S., Karadzi¢ U. (2012). Application of
analytical hierarchy process in the selection of optimal
technological solutions. 1l International Conference
Industrial Engineering and Environmental Protection
11ZS, University of Novi Sad, Technical faculty of




Mihajlo Pupin, Zrenjanin, Serbia, 31 October.

16. Vujadinovi¢ R., Karadzi¢ U. (2012). Use of
aluminium in the production of cars. Il International
Conference Industrial Engineering and Environmental
Protection 11ZS, University of Novi Sad, Technical
faculty of Mihajlo Pupin, Zrenjanin, Serbia, 31%
October.

17. Bergant A., Anderson A., Nicolet C, Karadzié¢ U.
Mazij J. (2012). Issues related to fluid transients in
refurbished and upgraded hydropower schemes. 11%"
International Conference on Pressure Surges, BHR
Group, Lisbon, Portugal, 24-26 October.

18. Karadzi¢ U. Bergant A. (2012). Pipeline
apparatus for investigation of water hammer and
column separation phenomena at the University of
Montenegro. 2" IAHR Europe Congress, TUM,
Munich, Germany, 27-29 June.

19. Kovijani¢ V., Karadzi¢ U. Vujadinovi¢ R. (2012).
Assessment of possibility for hydro energetic
utilization of small water streams. Hidroenergia 2012,
Wroclaw, Poland, 23-26 May.

20. Karadzi¢ U., Bergant A., Vukoslavcéevi¢ P.
(2011). Influence of unsteady friction on hydraulic
transients in a high-head hydropower plant. 4" IAHR
International Meeting of the Work Group on
Cavitation and Dynamic Problems in Hydraulic
Machinery and Systems, Faculty of Mechanical
Engineering, University of Belgrade, Belgrade, Serbia,
October 26-28, pp 313-320.

21. Karadzié¢ U., Bergant A., Vukoslavcevic¢ P.
(2009). Water hammer effects during Pelton turbine
load rejection. 3 IAHR International Meeting of the
Work Group on Cavitation and Dynamic Problems in
Hydraulic Machinery and Systems, Brno University of
Technology, Brno, Czech Republic October 14-16, pp
443-452.

22. Karadzié¢ U., Bergant A., Vukoslavcéevi¢ P.
(2008). Parameters affecting water hammer in a high-
head hydropower plant with Pelton turbines. 10"
International Conference on Pressure Surges, BHR
Group, Edinburgh UK, 14-16 May, pp 351-364.




5.2. National and local conferences

1. Brdanin R., Karadzi¢ U., Ili¢ J. Bozi¢ 1. (2019).
Comparison of dynamic pressure transducers on
experimental water hammer setup. 7" Regional
Conference Industrial Energy and Environmental
Protection in South-Eastern Europe, IEEP 2019.
Zlatibor, Serbia, 19-22 June.

2. Karadzi¢ U. (2019). Hydraulic transient calculation
in case of Vrelo SHPP. VI Symposium CG KO CIGRE,
Beci¢i, Montenegro, 14-17 May. (in Montenegrin)

3. Radonji¢ N., Perisi¢ V., Karadzi¢ U.,Vujadinovi¢
R. (2017). The analysis of investments in renewable
energy. V Symposium CG KO CIGRE, Be¢ici,
Montenegro, 09-12 May. (in Montenegrin)

4. Jankovi¢ M., Strunjas F., Bergant A., Karadzi¢ U.
(2017). Hydraulic transients due to gradual valve
closure. V Symposium CG KO CIGRE, Bec¢i¢i,
Montenegro, 09-12 May. (in Montenegrin)

5. Rakocevi¢ S., Mic¢anovi¢ M., Boskovi¢ Lj.,
Karadzi¢ U.,Vujadinovi¢ R. (2017). Criteria for the
selection of the installed flow of small hydropower
plants. V Symposium CG KO CIGRE, Beci¢i,
Montenegro, 09-12 May. (in Montenegrin)

6. Cipranié L., Sekuli¢ G., Boskovi¢ Lj., Karadzi¢ U.
(2016). Design principles of small hydropower plants
and their integration into the environment. 6"
International conference GNP, Zabljak, Montenegro,
07-11 March. (in Montenegrin)

7. Mazij, J., Bergant, A., Karadzié, U. (2015). Critical
parameters of hydraulic transient regimes in
hydropower plants with complex water conveyance
systems. IV Symposium CG KO CIGRE, Herceg Novi,
Montenegro, 11-14 May.

8. Boskovi¢, Lj., Karadzi¢, U., Draskovi¢, 1., Miceta,
G., Stanojevi¢, M., Vujadinovi¢, R. (2015).
Experience in the process of development of idea,




design and realization of SHPP Vrelo. IV Symposium
CG KO CIGRE, Herceg Novi, Montenegro, 11-14
May, (in Serbian).

9. Bulatovi¢, V., Karadzi¢, U. (2013). Experimental
apparatus for investigation of hydraulic transients. 8th
International meeting ,,Renewable Energy Sources
and Energy Efficiency “, The Montenegrin Academy of
Sciences and Arts, Podgorica, Montenegro, 7 Oktober,
(in Serbian).

10. Giljen Z., Karadzi¢, U. (2013). Analysis of
hydraulic transients on ,,Piva“ HPP for the case of
emergency shut-down of the Francis turbine unit. 111
Symposium CG KO CIGRE, Budva, Montenegro, 13-
16 May, (in Serbian).

11. Karadzi¢ U., Boskovi¢ L., Vujadinovi¢ R.
(2011). Hydroenergetic utilization of small water
streams. 7th International meeting ,, Renewable
Energy Sources and Energy Efficiency “, The
Montenegrin Academy of Sciences and Arts, Budva,
Montenegro, 10 - 11 Oktober, (in Serbian).

12. Karadzi¢ U., Bergant A., Vukoslavcevi¢ P.
(2011). Numerical modeling of extreme hydraulic
transients on ,,Perucica“ HPP. Il Symposium CG KO
CIGRE,Budva, Montenegro, 16-19 May, (in Serbian).

13. Giljen Z., Karadzi¢, U. (2011). Analysis of
hydraulic transients on ,,Piva‘ HPP. Il Symposium CG
KO CIGRE, Budva, Montenegro, 16-19 May, (in
Serbian).

14. Vujadinovi¢ R., Boskovi¢ L., Karadzié¢ U.

(2011). Application of renewable energy sources in the
telecomunication sector. 11 International Symposium

,, Engineering, Ecology And Materials in Process
Industry, Jahorina, Bosnia and Hercegovina, 09-11
March (in Serbian).

15. Karadzi¢ U., Bergant A., Vukoslavc¢evic P.
(2009). Hydraulic transients on ,,Perué¢ica“ HPP with
their influence on EES. | Symposium CG KO CIGRE,
Budva, Crna Gora, 12-16 October, (in Serbian).

16. Joki¢ S., Nikoli¢ Z., Karadzi¢ U. (2009). Start-up
and stop of renewed turbine units during the first

phase of ,,Perucica* HPP modernisation. | Symposium
CG KO CIGRE,Budva, Crna Gora, 12-16 October, (in
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Serbian).

17. Karadzi¢ U., Bergant A., Vukoslavcevi¢ P.
(2009). Hydraulic transients in penstocks after load
rejection of Pelton turbine unit. 14" Symposium on
Thermal Science and Engineering of Serbia,
Sokobanja, Serbia, 13-16 October (in Serbian).

18. Karadzi¢ U., Vukoslavcevi¢, P (2009). Water
turbines for small hydro power plants. Renewable
Energy and Future of its Application, The
Montenegrin Academy of Sciences and Arts, Budva,
Montenegro, 07-09 October, (in Serbian).

19. Vukoslav¢evi¢ P., Karadzi¢ U. (2007). Heat
energy transfer in supercritical conditions. Renewable
Energy and Future of its Application, The
Montenegrin Academy of Sciences and Arts, Budva,
Montenegro, (in Serbian).

20. Karadzi¢ U., Bergant A., Vukoslavcevi¢ P.
(2007). Influence of unsteady friction on hydraulic
transients in case of industrial hydropower system.
13" Symposium on Thermal Science and Engineering
of Serbia, Sokobanja, Serbia, 16-19 October, (in
Serbian).

21. Karadzi¢ U., Bergant A., Vusanovi¢ L. (2006).
Validation of convolution unsteady friction model for
transients in hydraulic pipeline systems, 30. HIPNEF
with international contribution, Vrnjacka Banja,
Serbia, 24-26 May, (in Serbian).

22. Karadzié, U., Bergant, A., VuSanovi¢, 1. (2005).
Influence of unsteady friction on transients in
hydraulic pipeline systems. 12" Symposium on
Thermal Science and Engineering of Serbia,
Sokobanja, Serbia. 22-25 October, (in Serbian).

6. Invited and plenary lectures
6.1. With international contribution

1. Karadzi¢, U., Brdanin R. (2020). Experimental and
numerical investigations of water hammer at the
University of Montenegro. 5" International Scientific
Conference on Mechanical Engineering Technologies
and Applications COMETa 2020, Jahorina, Republic
of Srpska, BiH, 26" — 28" November.
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Mentoring:

2. Bergant, A., Karadzi¢, U., Vitkovsky, J.,
Vusanovi¢, 1., and Simpson, A.R. (2008). Discrete Gas
Cavity Model with Convolution Based Unsteady
Friction Model. Meeting of the Advisory Group on
Unsteady Friction, Edinburgh, United Kingdom, 16
May 2008.

6.2. Invited lectures

1. Karadzi¢, U. (2016). Hydraulic transients
investigations at University of Montenegro, Hohai
University, College of Mechanics and Materials,
Nanjing, China, 08.12.2016.

2. Karadzi¢, U. (2013). Developments in water
hammer and column separation experimentation in a
newly built apparatus at the University of Montenegro.
Litostroj Power doo, Ljubljana, Slovenia, 15.12.2013.

3. Karadzi¢, U. (2010). Hydraulic transients
investigations on Peruc¢ica HPP. Litostroj Power doo,
Ljubljana, Slovenia, 15.12.2010.

1. PhD Thesis

2. Master Thesis

1. Kovijanié, V. (2019). Functional application for
calculation of basic parameters of small hydro
power plants. UCG, Faculty of Mechanical
Engineering, Podgorica, Montenegro. (in
Montenegrin)

2. Vilotijevi¢, V. (2018). Determination of the
installed flow in small hydro power plants. UCG,
Faculty of Mechanical Engineering, Podgorica,
Montenegro. (in Serbian)

3. Jankovi¢, M. (2016). The influence of closing and
opening of the valve at the end of pipeline on
hydraulic transients. UCG, Faculty of Mechanical
Engineering, Podgorica, Montenegro. (in Serbian)

4. Strunjas, F. (2016). Hydraulic transients as result
of simultaneous closure of the valves at the
beginning and the end of pipeline. UCG, Faculty
of Mechanical Engineering, Podgorica,
Montenegro. (in Serbian)

5. Bulatovi¢, V. (2014). Experimental and numerical
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investigations of water hammer effects. UCG,
Faculty of Mechanical Engineering, Podgorica,
Montenegro. (in Serbian)

Kulji¢, S. (2012). Numerical calculation of water
supply system Nevesinje. UCG, Faculty of
Mechanical Engineering, Podgorica, Montenegro.
(in Serbian)

Giljen, Z. (2011). Hydraulic transients modelling
on Piva HPP. UCG, Faculty of Mechanical
Engineering, Podgorica, Montenegro. (in Serbian)
Joki¢, S. (2011). Development of the experimental
installation for water hammer investigation. UCG,
Faculty of Mechanical Engineering, Podgorica,
Montenegro. (in Serbian)

Nikoli¢, Z. (2011). Verification of water hammer
numerical model by comparison with results of
measurement obtained on the experimental facility.
UCG, Faculty of Mechanical Engineering,
Podgorica, Montenegro. (in Serbian)

8. | Knowledge of Languages

Read

Write Speak Understand

Easily | Not
Easily

Easily | Not Easily | Not Easily | Not
Easily Easily easily

English

X

X X X

Others:Russian

X

X X X

9. | Computer Literacy

Basic:
Programming:
Hydraulic:

Microsoft Office, Internet and Email, Corel Draw, Auto Cad

Fortran, Visual Basic

Wanda 3.0 (Deltares), AFT Fathom 6.0 (Applied Flow
Technology), AFT Impulse 4.0 (Applied Flow Technology)

| 10. | Work Experience
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February 2020 by now

Full Professor at Faculty of Mechanical Engineering in the field of Thermal
and Hydro Energetics

January 2015 — February 2020

Associate Professor at Faculty of Mechanical Engineering on the following
subjects: Pumps and Fans, Hydraulic turbines, Design of Power Plants,
Hydropower Plants

October 2009 — January 2015

Assistant Professor at Faculty of Mechanical Engineering on the following
subjects: Pumps and Fans, Hydraulic turbines, Design of Power Plants,
Hydropower Plants

May 2000 — October 2009
Assistant at Faculty of Mechanical Engineering on the following subjects:

Fluid Mechanics, Heat and Mass Transfer, Hydraulic turbines, Pumps and
Fans

11.

References

1. Dr Anton Bergant, Litostroj Power d.o.0., Ljubljana, Slovenia,
anton.bergant@Ilitostrojpower.eu

2. Dr Petar Vukoslavéevié, Professor, Faculty of Mechanical Engineering,

University of Montenegro, Podgorica, Montenegro,
petarvuk@ucg.ac.me
3. Dr Igor Vusanovié, Professor, Faculty of Mechanical Engineering,

University of Montenegro, Podgorica, Montenegro, igorvus@ucg.ac.me

4.

| 12. | International projects
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mailto:anton.bergant@litostrojpower.eu
mailto:petarvuk@ucg.ac.me
mailto:igorvus@ucg.ac.me

2006 — 2008

“Measurements of the flow fields characteristics in high pressure conditions”.
Scientific and technological cooperation between Governments of Republic
Slovenia and Montenegro. (member of working team)

2009-2010

Conecting Energy NCPs: A proactive network of National Contact Points in

the Seventh Framework Programme under the Energy Theme, C-ENERGY

financed by European Commission contract number 226548-2. (Energy NCP
in Montengro)

2010 - 2011

“Measurements of turbulent flow characteristics in pipes and channels”.
Scientific and technological cooperation between Governments of Republic
Slovenia and Montenegro. (member of working team)

2011-2012
Development of a small hydropower registry for Northern Montenegro,
financed by EBRD. (member of working team)

2012-2013

Technical Monitoring and Evaluation Consultant for the Clinic Center in
Podgorica™, MNE-EE-P107992-CQ-S-09-C.1., financed by World Bank.
(member of working team)

2012-2013

“Investigations of water hammer effects in a test facility”. Scientific and
technological cooperation between Governments of Republic Slovenia and
Montenegro. (leader of working team)

2012-2014

“Training courses for public services in sustainable infrastructure
development in Western Balkans- SDTRAIN* 530530-TEMPUS-1-2012-1-SE-
TEMPUS-JPHES. (member of working team at the University of Montenegro)

2013-2014

“Western Balkans regional energy efficiency programme (REEP), Policy
dialogue — Supporting ESCO projects in the public sector, Legal assistance for
an ESCO project enabling legal framework, financed by EBRD. (technical
expert for Montenegro)
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2014-2015

“Investigations of hydraulic transients during filling and emptying of
pipelines”. Scientific and technological cooperation between Governments of
Republic Slovenia and Montenegro. (leader of working team)

2015

“Western Balkans regional energy efficiency programme (REEP), Scoping
study for Street Lighting Modernization Programme using ESCO approach in
Montenegro, financed by EBRD. (technical expert for Montenegro)

2016 - 2017

winvestigation of the turbulent swirl flow influence on the energy parameters
of the axial fans by using contemporary measurement techniques*. Scientific
and technological cooperation between Governments of Republic Serbia and
Montenegro. (leader of working team)

2016 — 2018

Enhancement of Registry of Small Rivers for Small Hydropower Projects
Potential of up to 10 MW in Montenegro, financed by EBRD. (Expert for
hydraulic engineering and technical solutions for SHPPs)

2016 — 2019
REady for BUSiness, Integrating and validating practical entrepreneurship

skills in engineering and ICT studies — REBUS, 573664-EPP-1-2016-BA-
EPPKA2-CBHE-JP, ERASMUS+. (meamber of working team)

2019 - 2020

“Research and development of improved measures for protection of
hydropower plants during hydraulic transients in order to increase their
reliability and energy efficiency”. Scientific and technological cooperation
between Governments of Republic Serbia and Montenegro. (leader of working
team)

13.

National projects

2006 — 2008

“Mjerenje karakteristika strujnih polja u uslovima visokog pritiska”.
Projekat finansiran od strane Ministarstva prosvjete i nauke Crne Gore.
(member of working team)

2008 — 2011

“Mjerenje karakteristika turbulentnih strujnih polja u cijevima i kanalima”.
Projekat finansiran od strane Ministarstva prosvjete i nauke Crne Gore.
(member of working team)

2012 - 2014
“Investigations of transients phenomena in hydraulic and aeromechanical
systems”. Ministry of Science Montenegro. (member of working team)
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| 14. | Professional engagement
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

»Hydraulic transients in Perucica HPP: Water hammer analysis in
system under pressure before commisioning tests — load rejection of
turbine unit A1”, Perué¢ica HPP EPCG, Litostroj El Slovenija, May
2006, (member of working team).

Energy NCP (National Contact Point) in Montenegro in Seventh
Framework Programe EU (FP7) from May 2007 till June 2012
»lnvestigations of the stress state in characteristics intersection of
penstock C3 in Peru¢ica HPP*, September 2007 and January 2008
(member of working team)

»wAnalysis and determination of final as-built condition of the
installation of air conditioning and heating on Agency for
Telecomunications, Podgorica*, March 2009, (member of working
team)

“Preliminary assessment of possibility for hydro energetic utilization of
Bjeluha and Moraca river ”, March 2010, (member of working team)
,ldea solutions for small hydropower plants (SHPP) on Komaraca
river*, April 2010, (member of working team)

»Hydropotential analysis of Komaraca river*, April 2010, (member of
working team)

“Preliminary assessment of possibility for hydro energetic utilization of
Meho water stream ”, May 2010, (member of working team)
“Preliminary assessment of possibility for hydro energetic utilization of
Skrbusa river ”, July 2010, (member of working team)

»Calculation of the stress state on A2 ,,Piva® HPP generator shaft in the
zone of crack’s appearance“, September 2010, (responsible designer for
calculation of axial hydraulic force)

“Preliminary assessment of hydro potential utilization of some rivers
from Savnik municipality”, November 2010, (member of working team)
“Preliminary assessment of hydro potential utilization of some rivers
from Plav municipality”, November 2010, (member of working team)
“Preliminary assessment of hydro potential utilization of some rivers
from Bijelo Polje municipality”, November 2010, (member of working
team)

“Preliminary assessment of hydro potential utilization of some rivers
from Kolasin municipality”, November 2010, (member of working
team)

Environmental impact assessment for the SHPP “Grlja”, ECG Ltd.
2011

» Lechnical solution for exhaust system from diesel engine“, Telenor
doo, Podgorica, February 2011, (member of working team)

»Program of continuous monitoring of penstock III on Perucica HPP*,
EPCG, March 2011, (member of working team)

“Preliminary assessment for possibility of hydro energetic utilization of
river Vrelo”, Synergy doo, Podgorica, March 2011, (member of
working team)

»ldea solution with pre-feasibility study for small hydropower plant
(SHPP) on river Vrelo“, Synergy doo, Podgorica, April 2011, (leader of
working team)

“Preliminary assessment for possibility of hydro energetic utilization of
river Ljevak”, BEI doo, Podgorica, August 2011, (member of working
team)
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21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Idea project for Jara SHPP, Kronor doo, Podgorica, June 2012, (leader
of working team)

Environmental impact assessment of the SHPP “Jara”, Kronor doo,
2012

Idea project for Vrelo SHPP, Synergy doo, Podgorica, October 2012,
(leader of working team)

Environmental impact assessment of Babino polje SHPP, Kronor doo,
2013

Idea project for Rastak SHPP, Kol-energy doo, Kolasin, Montenegro
February 2013, (member of working team)

Idea project for Babino Polje SHPP, Kronor doo, Podgorica, March
2013, (member of working team)

Idea project for Meteh SHPP, Kronor doo, Podgorica, March 2013,
(member of working team)

Main design for Vrelo SHPP, Synergy doo, Podgorica, May 2013,
(leader of working team)

“Preliminary assessment for possibility of hydro energetic utilization of
river Sjevernica”, BMR, Oxon, UK May 2013, (member of working
team)

»Development of Conceptual design for reconstruction of water supply
system and construction of SHPP on Krkori water source in
municipality of Andrijevica (Montenegro)«, UNDP — Montenegro,
May-June 2013, (member of working team)

,Idea solution for small hydropower plant (SHPP) on river Bistrica
Majstorovina“, Synergy doo, Podgorica, November 2013, (member of
working team)

»ldea solution for small hydropower plant (SHPP) on river Djuricka
with tributaries, Triangle inc, New York, November 2013, (member of
working team)

»Idea solution for small hydropower plant (SHPP) on river Vrbnica“,
Hydropol, Prague, November 2013, (member of working team)

»Idea solution for small hydropower plant (SHPP) on river
Kaludarska“, Hydropol, Prague, November 2013, (member of working
team)

Main design for Jara SHPP, Kronor doo, Podgorica, April 2014,
(member of working team)

Idea solution for small hydropower plant (SHPP) on river Ljevak,
Simes Engineering, Podgorica, April 2014, (member of working team)
Main design for Babino Polje SHPP, Kronor doo, Podgorica, May 2014,
(member of working team)

Idea solution for small hydropower plant (SHPP) on river Leverska, BB
Hydro, Podgorica, May 2014, (member of working team)

Idea solution for small hydropower plant (SHPP) on river Ljevak,
Simes ingeniering Ltd. , 2014, (member of working team)

Idea solution for small hydropower plant (SHPP) on river Slatina, BB
Hydro, 2014, (member of working team)

Idea solution for small hydropower plant (SHPP) on river Bistrica
Lipovska, BB Hydro, 2014. (member of working team)
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42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54,

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Idea solution for small hydropower plant (SHPP) on river Bistrica
Lipovska, BB Hydro, 2014. (member of working team)

Idea solution for small hydropower plant (SHPP) on river Ratnja,

L jetopis automotive Ltd, 2014. (member of working team)

Idea solution for small hydropower plant (SHPP) on river PoZnja,

L jetopis automotive Ltd, 2014. (member of working team)

Idea solution for small hydropower plant (SHPP) on river Trnovacka,
L jetopis automotive Ltd, 2014. (member of working team)

Idea solution for small hydropower plant (SHPP) on river Skrbusa,
Soko group , 2014. (member of working team)

Idea solution for small hydropower plant (SHPP) on river Slatina, BB
Hydro, 2014. (member of working team)

Idea project of the wind park “MoZura”, MoZura wind park Ltd., 2014.
(member of working team)

Main design of the SHPP ,,Rastak 1«“, KOL ENERGY Ltd., 2014.
(member of working team)

Idea solution for small hydropower plant (SHPP) on river Radmanska,
SHPP Montenegro 2, 2014. (member of working team)

Preliminary assessment for possibility of hydro energetic utilization of
Umski water stream, Synergy, 2015. (member of working team)
Preliminary assessment for possibility of hydro energetic utilization of
Rupocajski water stream, Municipility Kolasin, 2015. (member of
working team)

Preliminary assessment of possibility for hydro energetic utilization for
SHPP Sitari¢ka , 2015. (member of working team)

Preliminary assessment of possibility for hydro energetic utilization for
SHPP Rzacka, 2015. (member of working team)

Preliminary assessment of possibility for hydro energetic utilization of
Vrelo Ljuéansko, 2015. (member of working team)

Preliminary assessment of the possibility of using the hydropower
potential of water courses for SHP "Stitska", 2015. (member of
working team)

Main design of the SHPP ,,Bistrica Majstorovina“, Hidro Bistrica, 2015.
(member of working team)

Idea solution for small hydropower plant (SHPP) on river Seremet,
Nord Electro, 2015. (member of working team)

Idea solution for small hydropower plant (SHPP) on river Vrbnica,
MHE Vrbnica d.o.o. , 2015. (member of working team)

Idea solution for small hydropower plant (SHPP) on river Vodenicki
potok, Nord Electro, 2015. (member of working team)

Preliminary assessment of the possibilities for using hydropower
potential of the Crnja river, the municipality of RoZaje, 2015. (member
of working team)

Idea solution for small hydropower plant (SHPP) on river Meteska,
Normal Company, 2015. (member of working team)

Idea solution for small hydropower plant (SHPP) on river Bukeljka,
Artek Ltd. , 2015. (member of working team)

Idea solution for small hydropower plant (SHPP) on river Lazanjska,
Erlang Ltd. , 2015. (member of working team)

Preliminary assessment of the possibility of using the hydropower
potential of river Bukovica, municipality Savnik, 2016, (member of 20
working team)




66. Preliminary assessment of the possibility of using the hydropower
potential of watercourses for SHPP Peruéica, municipalities
Andrijevica, 2016. (member of working team)

67. Idea solution for small hydropower plant (SHPP) on river Mi$nji¢a
potok, 2016. (member of working team)

68. Idea solution for small hydropower plant (SHPP) on river Bukovicka
Vrela, Water group Ltd., 2016. (member of working team)

69. Preliminary assessment of the possibility of using the hydropower
potential of river Bjelojevi¢cka, municipality Mojkovac, 2016, (member
of working team)

70. Main design for Meteh SHPP, Kronor doo, Podgorica, 2016, (member
of working team)

71. Main design of the wind park “MoZura”, MoZura wind park Ltd., 2016.
(member of working team)

72. Main design for small hydropower plant (SHPP) on river Ljevak, Simes
engineering Ltd., 2016, (member of working team)

73. Main design of the SHPP ,,Bistrica Lipovska“, BB Hidro, 2017,
(member of working team)

74. Main design of the SHPP ,,Puri¢ka 1&2 “, Plawa Hidro Power, 2017,
(member of working team)

75. Revision of Idea Project of SHPP “Slap Zete” , Zeta Energy Ltd, 2017,
(member of working team)

76. Revision of Idea Project of SHPP “Glava Zete” , Zeta Energy Ltd, 2017,
(member of working team)

77. Main design of the SHPP ,,Bjelojevi¢ka 1¢, C&S Energy, 2018,
(member of working team)

78. Main design of the SHPP ,,Bjelojevi¢ka 2¢, C&S Energy, 2018,
(member of working team)

79. Main design of the SHPP “Slatina”, BB Hidro, 2019, (member of
working team)

80. Revision of Main design of SHPP “Slap Zete” , Zeta Energy Ltd, 2019,
(member of working team)

81.

15.

Memberships

Member of IAHR (International Association for Hydro-Environment
Engineering and Research) since January 2009

Member of Engineering Chamber of Montenegro since December 2009

Member of CG KO CIGRE since January 2012

| 16. | Awards

21




University of Montenegro recognition award for the achieved results and

contribution to the development of scientific research and professional work at

the Faculty of Mechanical Engineering in 2018

Annual award from Engineering Chamber of Montenegro for achievements in
professional activities in 2013

Uros Karadzi¢ 10.06.2021.

Signature Date
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University of Montenegro

Na osnovu ¢lana 72 stav 2 Zakona o visokom obrazovanju
(,Sluzbeni list Crne Gore" br. 44/14, 47/15,40/16,42/17,71/17 i
55/18) i &lana 32 stav 1 tadka 9 Statuta Univerziteta Crne Gore,
Senat Univerziteta Crne Gore, na sjednici odrzanoj 25.12.
2018.godine, donio je

ODLUKU
O 1ZBORU U ZVANJE

Dr MILAN SEKULARAC bira se u akademsko zvanje docent
Univerziteta Crne Gore za oblast Termotehnika na
Masinskom fakultetu Univerziteta Crne Gore, na period od pet
godina. |
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Milan SEKULARAC PhD mechueng. - Curricwdum Vitae

1. CURRENT POSITION
Assistont Professor at Facundty of Mechanical Engineering,

University of Montenegro

Labovatory for Fluid Mechanics and Energy Processes

Furst Name: MILAN
Family Name: SEKULARAC
Contact:
Gmadil miloun selkdodrac.mne@gmoid.com;
Office: milans@ac.me
Cell #: +38269204946
LinkedIN:  Wwps// www:Unkedin.com/ in/ midan—Sekuvdairoc—pid—meci~
eng-20422088
Web: Wit/ / www-wed.oc.me/ obpjono/ plog/1 783 8/ opjona/1
Youtupe:

Wttres./ / www:youwtupe.com/ chowunel/UCOuNeqd miBexd RTVEZY law8 9w/ vide
oy

2. EDUCATION

7
0.0

Grad and wndergrad

PhD mech. eng. ,,Analyscs of flow fields in complex ventilafion systems of
frraffic tunnely’”’, Mechanical Engineering Facudty, University of Montenegros
20155

MSce: mecheng. ,,Analysis of the dynamics in a HVAC system consisting of heart
pump with alv-handling undt”’, Mechanical Engineering Faculty, University of
Mondtenegros 2008,

Dipl.-lng. mecheng. ,,Numerical simudation of heat and masy transfer in
Czothralski crystal growth process under the efect of radial-axcal magnefic
field “, Mechanical Engineering Faculty, University of Montenegros 2005;

Postdots & recent trainings

o
°n

STANFORD UNIVERSITY Cardiovascdar Biomechanicsy Compwtation (Prof: Dr
Alison Marsden) CFD of blood flow

Fulbright Visiting scholar in 2016, ot the “Cardiovascular Biomechanics
Computation Lak? of Prof:Dr Alison Marsden, Stanford University. Outline:
3D-CAD model generation from MRI date, boundary conditionsy modelling
Hwough mudtiscole approaciv, and FEA sinmudation of blood flow of a database


mailto:milan.sekularac.mne@gmail.com
https://www.linkedin.com/in/milan-šekularac-phd-mech-eng-2a422a88
https://www.linkedin.com/in/milan-šekularac-phd-mech-eng-2a422a88
http://www.ucg.ac.me/objava/blog/17838/objava/1
https://www.youtube.com/channel/UCOuNe9mBex9RTVf7Yiaw89w/videos
https://www.youtube.com/channel/UCOuNe9mBex9RTVf7Yiaw89w/videos

of pediatric potienty affected by a cardiovasendar disorder (Kawasaki
aneurismy on coronary arteries). The wltimate gool: better wnderstonding of
flow criteria for preseription of anticongulation Hierapies, and possiple
suaglcal treatmendts;

< VUB UNIVERSITY in Brussels - Combustion in Open Foam ot the growp BURN
— Prof. Dr Francesco Contino
Related too my ntferests i CFD of fire scenarioy and general combustion
proplems uv tie Open Foom framework

3. RESEARCH PROJECTS

1. Analysis of flow and fire wenarioy in traffic tunnel ventilation design.
National researci project lead by Prof-Dr.Peton Vukoslavievié. A combined CFD
onde experimental assessment of turbulent flows i ventilated tuwnnels, axial
ducted fons, and tie fire safety scenarios. Experimental researciv conduceted o
o scaled Labp: model of a ventilated traffic tunel Hhat | designed and built
myself, equipped withv appropriate scaled axial dueted fon models.

2. Development of Hot-Wire Anemometry circnits for hot-wire measurement
technology. Lead by Prof-Petor Vukoslovtenié, aimed at the development of an
updated design of tHrese cirenity withv optimized performance, ncereased
frequency response, even better signal—tfo-nolse rofionsy and measrement
sesitvity.  Applications n velotty and  temperature  measurements  Un
twrbwlent flows: Experimentol verification wtlizing state-of-the-art-hot wure
probes, and sensorsy of 2.5, 1 and 0.6 micrometer ddameter. Optimization of tire
hotwire probe design Huoughv experiments and CFD.

3. Flow fields in rototing twrbomachinery. Jount wovk by Labovatory for
Turbomachinery oand. Energy Systems, University of Belgrade and wmy Lab-
Development of laser and hot-wire anemometry measusrement techunology and.
CFD approvches to- assess the complexw flow fields v rotating machinery,

4. Undergrad researciv experiences. Institute of Fluid Mechanics - LSTM,
University of Erlangen - Nuremberg, Germany. A numerical simudation of heat
ands mass travsfer un the “Czochuwralskl’ crystal growtn process, unoer Hie effect
of a radial-axiol (cusp shaped) magnetic fleld, wiere | used a LSTM's researciv
CFD code to- compute the flow and heat travsfer, the shape of tive solid-liguio
ntferface, U an industry case crucible furnace geometry.

4. LANGUAGE SKILLS
(1-basic to- 5-profficient)
Language Reading Speaking Writing
Serbion~ Native Native Native




crootian—~

monfenegron

Englisiv 5 5 5
Htalian 5 5 4
Germain 1 1 1

5. SKILLS

&) General computer skilly

% Text edifory. Microsoft Office, LATEX, Sublime, Emacs
% Programming proficient: MATLAB / Octowe / C

% Programming bosic C++ / Python

< Grapiics TecPlot; ANSYS CFD-Post, Paraview

% CAD profficient: 3D AwtoCAD

% CAD basic skilly CATIA

b)) CFD — Compwtational Fluid Dynamicsy

Using commercial tools:

% ANSYS Workbencih CFD enwironment software: Ansysy Mesher, FLUENT,
CFX, CFD ~Post post-processing

Open Sowrce CFD tools:

% Self-writtew codes for mumerical soltiton of flows withe heat transfer using
fnite volume approaciv, in Matlaly

< Open Foom CFD basic skilly, cuvrent field of unterest

% FASTEST 3D (german open sowrce academic CFD solver) wused U for flow
and heat trovsfer simudations on a workstation computer.

¢ SwVasewndar (Stanford) for Cordiovascndor biowmechanics — blood flow- CFD
(and vessel deformation) computation FEA solver withe CAD pre-and post-
protessing tooly (Paranview), current fleld of unterest

¢) Experumental fluid dynamics, heot transfer, and HVAC skills

Experimental fluid mechanics

“Hot-wre’’ or thermal anemometry wunder the guidance of Prof-Petor V.
Vukoslastenil, a leading expert in the fleld and Lok founder. Calibration and
measirements of hotwire probes for measuvrement of velocity (and temperatre)
v turbudent flows: Utllisation of in-howse Fortron codes for calibration and
processing of hot-wivre anemometry measurements: Self-written MatHal codes



for processing of measmmrement doto, signal-processing ands grapiic processing
i Motlaby and TeePlot: Experience i use of Data Tromslotion'y DAQ howdware
and Helr DAQ software.

% Ventilation and fire safety
Research on flow field and fire scenarioy in a Lab model of a traffic tunnel,
wing hot-wire probe for aiwr-velotity, Puot fubes, differential pressire
frovsouncery and Hwermocouple DAQ system. Realization of fures-scenario
experiments, wtising o butivane buwrner and temperature DAQ equipment:
CFD of tunnel-fire scenarios.

% HVAC, Renewnble Energy, ond Energy Efficiency
- An experimental study on a laboratory HVAC system performance and iUy
fime~dynamics. Monitoring of the characterstic temperatures witihvin a vopor
— compression cycle heat pump witv an air -handling vinit system. Numerical
simudation of Hie systen’s performance and operation witihv respect to- tume,
wsing a self-made MATLAB code simumdating the heat pump cycle wtlizing a
R407C refrigevant compled to- an air handling wnit operation n tume.
- CFD assessment of o grownd to- air heat excihhanger for possive heating, i the
gven climatic conditions of the capital city, botiv v summer and winter use.
- Energy wse performance assessment and energy audity Un bulldingy
Alorithvwms  for calewdation of cooling loadsy and  energy wndicators.
Measurements of flows pressure, temperatune, and COP on HVAC wstallations.
Certifled energy awndifor.

A) Lecturing

| crrrently feach or I've fangt tive following cownrses:
Thermodynamics,
Applied Thermodynamics,
Heat and Mass Transfer,
Nuwmerical metivody for fluid - thermo dynamicsy (CFD),
Alr-conditioning,
Meosurement and simumlatiovn of energy processes,
Fluid transport
Energy consumption and efficiency
Introdunction to- engineering drowing geometry - CAD.
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e

%
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2

%

2
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2
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2

%

2
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6. CURRENT WORK

¢ CFD v reactive flows: Flow v a fure scenarvio of a traffic tuwnnel, witiv
longUtudinal ventilation. Effects of radiation heat losses on temperature fleld



7
0.0
7
0.0

development and ventilation efficlency. Multiscale approaciv n long tunnely,
wse of ANSYS solver and the Open Foam: Mixture—fraction approacih in
modelling reactive flow: Combustion v Open Fooum

Hot-wire anemometry clrcndt design wpdates: experimental verifications
Covrdiovascdar blomechanics: Flows i coronary arteriess CAD  model
generation from MRI & CT scan medical image data. FFR computation;

7. FURHER INTERESTS

R/
0.0

R/
0.0

IGA (ogeometric analysis) mudtiscale approacies and optimisation methools;
Heat transfer applications

8. PUBLICATIONS

R/
0.0

*,
0.0

*,
0.0

*,
0.0

Sekwdarae, B. Milan, Jankoyic: Experimental and Numerical Analysiy of Flow-
Field and Ventilation Performance in a Traffic Tunnel Ventilated by Axial
Fang; Theoretical and Applied Mechanics Jovunal, Academy of Sciences and
Arts of Serbia, 201 7.

Sekedarac, B. Milan, Jankovie, Z. Novica, Vidkoslayceyic, V.Petar. Ventilation
Pevformance and Pollutant Flow in a UnidirectionalTraffic Road Tuwnnel,
Thermal Seience Jovwnal, POl 102298/ TSC/L60321117S. 2016.

Sekudarac, B. Mian. Experimental Defermination of Tunnel Ventilation
Ducted Fan FPerformance. Thermal Science Jowrnal, DOL10.2298/TSC/
140624108S. 2014

Sekudarac, BMian, Vukoslayievié, V.Petar. One Approach tfo- Experimental
and Nwmeprical [nyestigation of Longlitudinally Ventilated Road Tunnels:
ICTTE Conference on Traffic and Trangport Engineering, Belgrade. Nov-2012.
Sekudarac, M, Radudovié, P. Energy Efficiency of Ventilation Systems of
Longitudinally Ventidated Traffic Tuwnnely (in serbian).  Infernational
conference on Alfernafive energy sowrces and energy efficcency, CANU —
Mondenegrin Academy of Seiences and Arts: Oct-2011.

Sehwdarac M, Tombarevié E Analysis of Geothermal Heat Exchanger
WAUAOGrownd” in the Climatic Condifions of Podgovica City (in serbian).
International conference on Alfernative energy sovrces and energy efficiency,
CANU — Monfenegrin Academy of Seiences and Arfs: Oct-201.3.

Vikostayievié P, Sekwdarac M., Wallace J., Balaras E., Bevatlis N. The accuracy
of crosssfream yeloedty gradients measuped by a mudfisensor hotwire probe
American Physical Sotiety, 62nd Annual Meeting of the APS Division of Fluid
Dynamccs, Nov: 2224, 2009.

Tombarevié E., Sekwdarac M. 2DAnalysis of the Cooling Potential of
Undergroumd Waters of Podgorica City (in serbian). Infernafional conference on



Altfernative energy sovwces and energy efficiency, CANU — Mondtenegrin
Academy of Sciences and Arts: Oct-20079.

@ Sehwdarac M., Vidanovil | System Dynamicsy of a Heat Pumyr with Climatic
Chamber in Cooling Regime of Operation (in serbian). Jovuwnal of KGH,
Serbian Sotiety of Alrconditioning, HMHeating and Refrigeration Engineers:
Belgrade, Sept- 2008.

@ Vidsanovié D., Kazié N., Sekwlarac M. Analysis of Energy Efficiency of One
Office Building in Podgovica. COSMO EE Conference, 2010.

9. OTHER INTERESTS / sporty / ewlture / volunteer /

Languages: Englisiv, iHfalian, German

Sporty

» Competifor wv archery, wnaflonal drampion, vartows reglonal, centfral-
Ewropean, US reglonal, competitor and medal winner, competitor at 3 World
and. 1 Ewvopean Clhamplonships in Target and Fleld archery. Competitor un
several digciplines (archery styles) and towrnament formats;
Founder and cuvrently Divector of National Archery Association, Clud concly;
Swimiming.
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*

%o

*
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*

Otiher
% Design of archery equipment



UNIVERZITET CRNE GORE
Masinski fakultet

Komisija za doktorske studije
Podgorica, 21. 07. 2021.

- VIJECE MASINSKOG FAKULTETA —
Postovani,
U skladu sa Pravilima doktorskih studija i Vodi¢em za doktorske studije,

u prilogu dostavijamo prijavu kolege Vuka Kovijaniéa na predvidenom
obrascu PD, kao i prateéu dokumentaciju.

Komisija za doktorske studije na Masinskom fakultetu je na elektronskoj
sjednici odrzanoj dana 21. 07. 2021. godine, razmatrala formalne uslove
dostavijene prijave, sa stanovista neophodnih podataka i ispunjavanju
uslova za prijavu teze, i poStujuéi princip kompetentnosti, imajuéi u vidu
dostavljenu prijavu i prateéi materijal, inicira slede¢i sastav komisije za
odbranu polaznih istraZivanja i ocjenu podobnosti teme i kandidata:

1. Prof. dr Igor Vu$anovié, predsjednik,

2. Prof. dr Uro$ Karadzié, mentor — &lan |

3. Doc. dr Milan Sekularac, &lan.

Predlazemo Vije¢u Masinskog fakulteta da na bazi ovog inicijalnog

predloga, utvrdi predlog sastava komisije i isti dostavi Odboru za
doktorske studije na dalje postupanije.

Srdacno,

PREDSJEDNIK KOMISIJE ZA
DOK KE STUDIJE

Pro{_dr R¥eksandar Vujovi



