HACTABHO-HAYYHOM BERY MAIIIMHCKOTI' ®AKYJTETA
YHUBEP3UTETA Y HULIY

Omnykom HactaBHo-HayuHnor Beha MammHckor (akynrera YHupep3uteta y Hunry
Op. 612-786-9/2013 ox 25.11.2013. rogune UMeHOBaHU cMO 3a wiaHoBe Komucuje 3a oueHy
Hay4YHe 3aCHOBAHOCTH TEME JOKTOPCKE AMCEPTAlH]je MO Ha3UBOM:

"UCTPA’KUBAIBE TEPMUYKUX U XUIPAYJIMUYKUX YCJTIOBA HA IT'PEJHOJ
IHOBPIIWHMU ITPU K/bYYABY U KPU3HU PASMEHE TOIIVIOTE"

KaHauaaTkume AHnpujane CtojaHoBuh, TUITOMHUPAHOT MHXKEHEPAa MAIIUHCTBA.

HakoHn yBuga y JDOKyMEHTAIM]y KOjy j€ KaHAWJATKHUEba MPWIOKHIA Y3 3aXTEB 3a
o100peme TeMe JOKTOPCKe AUcepTalnje U jaBHe mpe3eHTanuje oapxkane 20.12.2013. roaune,
ynanoBu Komucuje mognoce ciaenehu:

MN3BELITAJ

Anapujana CrojanoBuh, TMIUI. MHK. Malll., UCTPOXKKUBa4 capagHuk y Jlabopatopuju
3a TEPMOTEXHMKY M eHepretuky WHcTuTyTa 3a HykieapHe Hayke ,.Bunua“ y beorpany,
nogrena je 22.08.2013. roamne HacrtaBHo-HayuHom Behy MamuHcKkor —¢akynTeTa
VYHuBepsutera y Humly mpujaBy TemMe M 3axTeB 3a OLIEHY Hay4yHE 3aCHOBAHOCTH TeME 3a
u3paay AOKTOpCKe ucepTaluje.

VY cBOM 3axTeBy 3a OLIEHY Hay4yHE 3aCHOBAHOCTH TEME JOKTOPCKE IHcepTaluje
Annpujana CtojaHoBuh, AUIUL. WHXK. Malll., TPEJIOKUTIA j€ TTPEAMET UCTPAKUBAKbA Y OKBUPY
JIOKTOPCKE JHCEpTalje, OMUC METOJOJIOTHje HCTpaKUBarkha, OKBUPHU CaApKaj pana, IHb
UCTpaXXMBama, OYEKHBAHE pe3yJTaTe U Hay4YHH JONPUHOC. 3a MEHTOpa JOKTOPCKE
aucepTandje npemioxuia je npod. ap [parospyba XKuskosuha, pen. mpod. MammHckor
dakynTera YHuBepsurera y Humry.

1. BUOTPA®CKHU INTOJAIIA O KAHAUIATY

Annpujana CrojaHoBUD, IUIUIOMHpaHM HHXCHEP MAIIMHCTBA, poleHa je
22.07.1981. romune y Bpamwy. I'mmuazmjy ,bopa CrankoBuh®“ y Bpamy, npupomaHo-
MaTeMaTHYKOT cMepa, 3aBpumia je 2000. rogune. Mammmnacku ¢axkynter y Humry ynucana je
mkosicke 2000/2001. ronune, a qumiomupana je 2006. roguHe ca MpoceyHOM olleHoM 8,76 Ha
ucnutrMa u orieHoM 10 Ha muruiomckoMm pany. Jlokropeke crynuje je ynucana 2007. roguHe
Ha TPYyNH 32 EHEPreTUKy U MpoLecHy TeXHUKY. [Ipocedna oneHa cBUX MOJO0KEHUX UCIIMTA Ha
JTOKTOPCKUM CTyaujama je 9,67.

Annpujana CtojanoBuh pamu y JlabGopaTopuju 3a TEPMOTEXHUKY M CHEPIETHKY
Wncturyra 3a HykieapHe Hayke ,Bunua“ ox wmaja 2007. roguHe Kao HCTpakuBad
MpPUNPABHUK, a o7 jysa 2008. roguHe Kao ucTpakupad capagauk. O mpujeMa y pajHu OJJHOC
Ouia je aHra)koBaHa y pajay Ha mpojekTiMa MUHHCTapCTBa HayKe:



1. ,JMcrpaxuBame TEXHOEKOHOMCKHX MOTCHIHWjajla TPOU3BOIIE  CIEKTPUYHE
eHepruje BeTporeHepaTopuma Ha jJokauuju TE Kocronan™“ - EE-2730135;

2. ,Pa3Boj W mpHMeHa KOMIUIEMEHTApHHX METO/Aa 32 TIPOLEHY CHEpreTcKe
epUKaCHOCTH ¥ HHAMKAaTOpa KBaJHMTETa YHYTpAIIkEr IpocTopa cTaMOeHUX
objexara Ha monpy4jy beorpana“ — TII 1804A;

3. ,,Pa3Boj TexHoNOTHje NMrapeTHOr caropeBama OanupaHe MOJHOIPUBPEIHE
Ouomace ca aHaTM30M MOTYhHOCTH KOMOWHOBAaHE IPOW3BOJLEC TOIUIOTHE U
enexkrpuuHe enepruje” — TIT 18216 A.

TpeHyTHO je aHTa)KOBaHA Ha JIBa MPOjEKTa:

4. ,HcTtpaxuBame M pa3BOj CHEPTeTCKU U EKOJIOMIKKM BUCOKOC(PEKTUBHUX CHUCTEMa
MOJINTEHEepaIije 3aCHOBAaHUX Ha 0OHOBJFMBUM H3BopuMa enepruje’ — MMM 42006
n

5. ,IloBehame eHeprercke M €KOJIOIIKE e(PUKACHOCTH Ipoleca y JIOKUINTY Ha
YIJbEHH Tpax U ONTHMUIMja U3JIa3HE IPejHE MOBPIINHE SHPreTCKOT MapHOT KOTJIa
MIPUMEHOM coTcTBeHUX coTBepckux amarta® — TIT 33018.

2. HPEI'JIEJ JOCAJAIIIBLEDI HAYYHOI' U CTPYUYHOI PAJJA KAHANJATA

Kangunarkuma Amnzgpujana CrojaHoBuh je ayTop M KOoayTop BHILIE pajioBa

00jaBJbEHUX Yy YACOIMMCHUMA, OJ1 MEh)yHAPOIHOT ¥ HAIIMOHAJIHOT 3Hauaja, WK CAOMIITCHUX Ha
MelyyHapoAHUM U HAIlMOHAJIHUM KOH(]epeHIrjama:
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3. IPEAMET U II1Jb HCTPAKUBAIbA

3.1. IIpeamMeT uCTPaKMBAKHA U XUIIOTETUYKH CTABOBHU O MPO00JIeMy HCTPAKUBAHA

[Ipenmer wucTpakuBama y OKBUPY JOKTOPCKE MAHCEpTalldje Cy TEPMUYKH U
XUApPAyJIU4YKd yCIOBU Ha TPEjHO] TMOBPIIMHKM Ha KOjOj JOJIa3M JIO0 KJbydyama
JEHOKOMITOHEHTHE JBO(a3HE MeIIaBMHE TEYHOCTH M mape ca MoryhHomthy mojaBe kpuse
pasmene toruiore. [Ipu Kibydamky MEXypoBH HACTajy M pacTy Ha TaHKOM, MPETPejaHOM CJI0jy
TEYHOCTH KOjU KBacu rpejanu 3ui. [locTrojame pa3ienHuX MOBpIIMHA TEYHE U mapHe (aze u
pasnmuunte TepModU3NUKe KapakTepucThke (a3a ynHe NBOGa3HM CUCTEM TEYHOCTH W raca
MHOTO CIIOKEHHUJHM y OJJHOCY Ha XOMOTE€HE CHUCTeMe. Y IHJby YTBphHBamba JOKATHUX yCIOBa
KOju onpehyjy MHTEH3UTET mpena3a TOIUIOTE ca 3arpejaHor 3uja Ha Kipydajyhy nBodasny
MEIIaBHHY OJl TIOCEOHOT je 3Hayaja MCTPaKMBAKE MHUKPO yCJIOBa Ha MECTHMa TeHeparuje
napHe (haze Ha T'PEjHO] MOBPIIMHH, KAO INTO Cy HECTAIMOHAPHO TEMIIEPATypCKO IMOJBE Y
3arpejaHoM 3Hy, KpeTame pa3/ieiiHe MOBPIIMHE TeUHE U MapHe (a3e, mperpeBambe TEYHOCTH,
Op3uHa ucnapaBama uTa. CaBpeMeHH pa3Boj HYMEPUUIKUX MOJIENA 32 CUMYJIANN]y IBO(pazHIX
cTpyjama omoryhaBa ncTpakuBame MpeHOca TOILIOTE W Mace NPU MEXYypacToM KJbYyYamy U
uIeHTHQHUKAIH]Y QU3HUKUX (EHOMEHA IIPU MEXYPACTOM KIbY4amby.

MexypacTo KJbydyame KOJ ABO(a3HHX MEIIaBHHA CE€ MPUMEHYje Yy MHOTHM IpaHaMa
MHIyCTPHj€ 3aTO INTO TPEACTaBba jelaH Of HajeUKACHUjUX HAYMHA NPEHOCa TOIUIOTE,
noceOHO y BHUCOKO-CHEPreTCKUM CHCTEMHMa Kao INTO CYy HYyKJICapHH pEaKTopu |
TEPMOECJIEKTPAaHe Ha PA3IMYUTe BpPCTEe ropuBa. Pasior je y ToMe ITO MeXypacTo Kibydame
MOXE€ TpPaHCIIOPTOBAaTH BEJIHMKE KOJWYMHE CHEPrHje IO jeAMHUIM TpejHE IOBPIIMHE Y
nopehery ca OHOM KOJMYMHOM CHEPruje Koja Ce MOXE TPAHCIOPTOBATH TMPHHYIHOM
KOHBEKIIMjOM HJIM KOHIYKIHUJOM ca jeaHodasHuM xuagauoueM. To je pe3yntar opmupama
MeXypoBa Mape Ha IPEjHO] MOBPIIMHA y3 KOPUIINEHE JIATEHTHE TOIUIOTE UCTIapaBama. 3aTo je
nperu3Ho npeasuhame KoeuIjeHTa npenasza TOIIOTe O MPECyTHOT 3Havaja 3a ONTUMAITHY
U CKOHOMHYHY KOHCTPYKIMjy pa3JMUuUTHX BpCTa TeHEpaTopa Tmape. 3a pa3yMeBame
(GyHIaMEHTATHOT MEXaHW3Ma KJby4ama JABO(A3HMX MEIIaBUHA M TOYy3AaHO mpeaBulame
Koe(HIIMjeHTa Tpenia3a TOIUIOTE MPU MEeXypacToM KJbydamy TpebOa pa3BHTH onroBapajyhe



MaTeMaTH4Ke MoJieie 1 HyMepHUKe MOCTyNKe Kako OM ce JOCTUIIa BUXO0Ba MINpPa IPUMEHa Y
UHTyCTPHjH.

Jenman on orpanmvaBajyhux pagHuX ycioBa TpHU Pa3MEHH TOIUIOTE MEXYpPacTHM
KJbyYamheM j€ KpHU3a KJbydama JI0 KOj€ J0JIa3W NPH BUCOKUM TOIUIOTHUM (pIykceBHMa U
WHTEH3WBHO] TreHepanuju MexypoBa. [Ipm Tum ycioBuma ce dopmupa cioj aBodasHe
MEIlIaBUHE Ca BUCOKUM 3allpEMHHCKHUM YJEJIOM Mape KOjHu CIpedaBa Mpoaupame TeuHe (aze
JI0 TpejHE MOBPIIMHE 3uAa. ['pejHa MOBpIIMHA ce 3acyllyje U ¢ 003UPOM Jia je Tapa JIOUIUjU
XJIQJAUJIAIl O/ TEYHOCTH, 3HAYAjHO C€ CMamyje MpellaXkemhe TOIUIOTe ca TpejHe MOBPUIMHE Ha
bayun, mTo je mpaheHo HarmuM mopacToMm Temmeparype 3uma. Crora je mpenBubame
TEPMUYKHX U XUAPAYIHYKUX YCIOBA HA TPEJHOj TIOBPIIUHM, IPU KOjHMa MOKe Jiohu 10 Kkpuse
pa3MeHe TOIUIOTe, HAPOUUTO 3HAYAJHO 32 CUTYPHOCT PA3IMYUTUX BPCTa TEHEpaTOpa mape.

Naxo je oBaj mpobiem u3ydaBaH y IPETXOJHOM HEPUOY, OpPOjHH YTHUIAJHH YNHUOLN
Y CJIOKEHOCT CTPYJHHX M TEPMHUYKHX YCIIOBA Ha IPEjHO]j MOBPILIMHH jOII YBEK HHUCY JOBOJHHO
ucnuTaHd. ['paHMYHM yCIOBM 3MJa HWCIAPUBAYKOT CTPYJHOT KaHaja W ToJba JBOGa3He
MELIaBUHE JI0BOJIE 10 TOra J1a je AeUHuCabe, pellaBamke, aHalu3a 1 npeiBuhame peHoMeHa
KpH3€ KJby4ama H3y3ETHO CII0KEHO.

[Ipensuhame mexanu3zma mporeca Kbydama M YCIIOBa TPU KOjuUMa JOJa3H 10
NpOropeBama UCMAPUBAUKUX KaHAJIa 3aXTeBa MOJICIIUPAkEe U HYMEPUYKY CHMYJAIM]y W Ha
MHUKPO W Ha Makpo HUBOY. [IoTpeOHO je mcrmuTaTH MHUKPOCKOIICKH IPOIleC T0jaBe W pacTa
MeXypa, Kao U IMOHaIlame JBOda3He MEIIaBUHE HA I'PEjHO] MOBPIIMHU HA MAKPOCKOTICKOM
HUBOY. JemaH oJ pe3ynrata Koju ymnyhyjy Ha moTpe0y u3ydaBama I0jaBe Ha MUKPO HUBOY je
U Ca3Hame Jia ce ca moBehameM XpanaBoCTH IpejHE MOBPIIUHE MoBehaBa KPUTUYHU TOTUIOTHU
dyke, 3aTo jep ce ca moBehameM XpanaBoctu moBehapa rycTrHa KiIMjalIMITa MEXypoBa.

Y oxBupy Te3e he ce pasBuUTH MaTeMaTHUKH MojeN ABOGA3HOT CTpyjama y
BEPTHKAJIHOj HCIApUBAYKO] II€BU. MareMaTW4yKku MoOJen he ce cacrojaTh oJ jeAHauyuHa
ONlp)Kama Mace, KOJNMYMHE KpeTama M EHEepruje 3a cBaky o (a3a — mapHy M TeEuHY.
MelycoGHo nejcTBo (asza he 6utu y3eTo y 003up NpuMEHOM OAroBapajyhux KOHCTUTYTUBHHUX
kopenanuja. Mozaen he ce pemuTi NpUMEHOM ajaropuTMa 3a pellaBamke Mojesa aBa Quynaa
3acHoBaHor Ha "SIMPLE - Semi-Implicit Method for Pressure-Linked Equations" meToxy.

VY mwby npenBubhama TEPMUUKHX U XHIPAYJIWYKUX YCJIOBA Ha TPEjHOj MOBPIIMHU U
onpehuBama KoeHIMjeHTa Ipenia3a TOIUIOTE MPH MEXypacToM KJbydamy, pa3Buhe ce u
onrorapajyhu Mozaenu mojaBe M pacTta Mexypa Ha TPEjHOj MOBPIIMHU y 3aBHUCHOCTH O]
XpanaBoOCTH TIOBPIIMHE, yrila KBallelkha TEYHOCTH HAa TPEJHOj MOBPIIMHHU, TEPMODH3MUKHX
KapakTepuctuka ¢uyuna utna. [lapamerapcku he ce ananusuparu yrunaju oopahenoctu 3uma
rpejHe MOBPIINHE, TOIUIOTHOT (PIIyKca, TEOMETpHje HCIIapUBavYMX IIEBH U MpOIieca pa3MeHe Ha
MehydazHUM MOBpIIMHAMA Ha T0jaBy MeXypacTor Kibydama. [IpumeHoM Moxena Owuhe
Moryhe oapehuBame BpeaHOCTH KOehHIMjEeHTa Tpeia3a TOIIOTe W KPUTUYHOT TOIUIOTHOT
Grykca 3a pasnMuMTe YCIOBE CTpyjama JABO(A3sHOT XJIaauolla M XparaBOCTH TPEjHE
MIOBpIIIHHE.

3.2. lub ucTpaxuBama

HupeBn wucTpakuBama cy: (a) pa3Boj (U3MYKOT W MATEeMaTHYKOI Mofela |
ojrosapajyher HyMepH4KOr MOCTyNKa pellaBama 3a CIPETHYTY CHUMYJIALU]y KOHBEKTHBHOT
KJbydama W KOHAYKIHMje TOIUIOTE Yy 3arpejaukoM 3uay; (0) crpoBoheme HyMepHuKux
cuMyJanuja ABo(azHOr CTpyjamba TeYHE U NMapHe (a3e MpeKo rpejHUX MOBPIIMHA M3JI0KEHUX
BHUCOKHMM BPEIHOCTHUMA TOIIOTHOT (PIIyKca, Ka0 W MPOpadyH MPOCTOPHOT HECTAMOHAPHOT
npoBohema TOMIOTe W TEMIEPaTypCcKOr MoJba y 3UAY 3arpejauykor kaHana, (1) pas3Boj
anropuT™Ma 3a oapehuBame mojaBe Koe(HUIMjEeHTa Mpesia3a TOIUIOTE HA OCHOBY CpadyHaToT



HECTAIMOHAPHOT TEMIEpaTypCcKOr T0Jba Y 3arpejaukoM 3Oy € CTPYjHO-TEPMUYKHX
napametapa JBO(a3HOI TOKAa y CHUMYJIHMpPAHOM CTpyjHOM KaHaiy. Kpajmu 1usb je pasBoj
METO/Ie 3a IMOoy37aHo mpeaBuhame KoeuIjeHTa mpena3a TOIIOTE W BPEIHOCTH KPUTHYHOT
toryioTHOT (uykca. C 003upom aa he pasBujeHn Monenu 00yXBaTHUTH OMTHE MEXaHHCTHUYKE
npoiiece Koju oapelyjy ycioBe Ha TpejHO] MOBPIIMHK MPU MEXYPacTOM KJbydamy Ha MUKPO U
Makpo HHMBOY (MHUKPO HHUBO C€ OJIHOCH Ha MOBPIIMHY 3arpejaukor 3ujaa U TPaHUYHH CJIO]
nBo(a3sHe MeIIaBMHE, a Makpo HHBO Ha TJoOallHEe mapaMmeTrpe naBo(daszHOT cTpyjama y
UCIIapUBAYKOM KaHally), OueKyje ce Ja he pa3BujeHH HyMEpUYKH MPUCTYH OUTH IPUMEHHB Y
OTIITEM CIIy4ajy 3a pa3ju4uTe TEeOMETPHjCKe, TePMUUYKE U CTpyjHE ycioBe (y OICcery
MaceHux (uykcea 1BO(AsHOT CTPyjama 0/ HEKOIMKO CTOTHHA 0 HEKOIMKO XHibaa kg/m’s
¥ MaceHUX yjeja mape KOju OJroBapajy MeXypacTOM H IEHAcTOM JABO(A3HOM TOKY), Kao U
paznnuute TepMoU3MUKe KapaKTepucTuke TeuHe M mapHe (asze. [locTaBibeHH IUIb je Of
W3y3€THOT 3Ha4aja 3a CUTYPHOCT M MOY3JIaHOCT paJia pa3IMuUTHX BPCTa TeHepaTopa nape.

3.3. Yxa Hay4Ha o0sact

[lpenyoskeHa TeMa JOKTOPCKE JAMCEpTalMje IpHMaja YyXKOj HaydHO] OO0JIacTH:
TepmoTexHuka, TepMOeHepPreTHKa M MPOLECHA TEXHUKA.

4. IOJIABHE XHITOTE3E

[Tpenyiosxxenn mMojaen aBo(da3HOr cTpyjama Ce CacToju Of jelHaunHa OJprKama Mace,
KOJIMYMHE KpeTama W eHepruje 3a cBaky oj ¢aza. Y ciydajy MpOCTOPHOT TPOAMMEH3UOHOT
cTpyjaa ¢opMupa ce CHUCTEeM O] OocaM NapuujaTHuX AuQepeHlrjaTHuX jeqHauYnHa
eNUNTHYKOT THma (MO jenHa CKajapHa jeJHAYMHA OJAp)Kamka Mace W EHEpruje ¥ TpH
IpOjeKIIije BEKTOPCKE jeIHaUMHE OJIp’Kama KOJIMYMHE KpeTama 3a cBaky (asy). C 003upom
Ha HEITWHEapHOCT TpolieMa, MNPUCYCTBO KOHBEKTHMBHHX M JU(Y3UOHHUX UIAHOBA Y
jeAHaYMHaMa OJpXKamba U CII0KEHOCT KOHCTUTYTUBHHMX KOpeJalija, aHaIUTHYKO UCTIUTUBAE
CTaOMIIHOCTH pellleha HUje OCTBAPHBO, TaKO Ja CE IOJa3M OJf XHUIOTe3e Ja 3a (PH3HUKA
peanHo nepuHUCAaHe MOYETHE U TPaHUYHE YCJIOBE Pa3BHjEHU CHCTEM jeJHAYMHA KOHBEprupa
Ka jeMHCTBCHOM TMApTUKYJIAPHOM pelierkhy. Takohe, HEONMXOMAHO je MpaBWIHO Je(UHUCATH
MHTEH3UTETE Tpolieca pasMEeHe Ha pa3felHUM MoBplmIMHama Qasza, mTo he ce moctuhu
BEepHUQPUKAIIN]OM MPEATOKESHUX KOpenalrja 3a oAroBapajyhe excriepuMeHTaaIHe yCioBe.

YciioBH TeHepalnyje mape Ha MUKPO HHMBOY Ha 3arpejauykoM 3ujay he ce oOyXBaTUTH
noMohy T'yCTHHE MecTa HyKJealMje MeXypoBa M BpeMEHa pacTa Mexypa Ha 3uay. [ 'ycTuHa
MecCTa HyKJIealHje je BakaH mapaMeTap y Mpollecy Mojeiupama. Mima 3Ha4yajaH yTHIA] Ha
JMHAMHKY KJbydama M YCJIOBE IO/ KOjUMa Jojla3d J0 KpH3e Kibydama. Ha OCHOBY
JOCAIANIbX HMCTPAKHBAKHa MOXE C€ 3aKJbyuUTH Ja je TyCTHHA HyKkjeauuje oxapeheHa
XpamaBomhy TOBpLIMHE Ha KO0jOj J0OJNa3d 0 Kibydama. Y Moneny he ce mpeko TycTuHe
HyKJIealuje y3eTH y 0031p XparaBocT noBpuirae. Mecra Hykieanuje Mexyposa he ce 3agartu
noMohy nmpo6adUIMCTUYKOT MOJIeNa, Tako Aa he oHa OMTH MPOMEHJBPUBA Y MPOCTOPY, anu he
yKyIiaH Opoj MexypoBa Ha ojipel)eH0j TOBPIIMHYN OATOBapaTH I'yCTHHH HYKJICAIHje MEXypoBa.
Jlpyru mapametap KOju je Ol 3Hayaja 3a JIOKaJHE YCJOBE IeHepallrje MeXypoBa je BpeMe
pacra Mexypa Ha 3uay. Behu Opoj mapamerapa yrude Ha BpeMe pacra Mexypa, Kao IITO Cy
TOIUIOTHU (IIyKC, yrao Kpamiema UTH. tbuxoB ytumaj he ce mapamerapcku aHamu3upaTu
onrosapajyhum moenom.



5. HAYYHE METOJE UCTPAKUBAIbA

3a mpopadyH CTPYjHO-TEPMHUKHX IIpoleca ABO(A3HOr CTpyjama Kopuctuhe ce
TPOIUMEH3WOHHU Mozel nBa dhaynna. /[BodasHo cTpyjame duyuna he ce onucat OMIaHCHUM
jeaHayrMHaMa Mace, KOJIMYMHE KpeTama M €HEpruje y HecTallMoHapHOM OOJMKY 3a CBaKy O
¢daza. Pazmena OunaHCHUX BEJIMYMHA Ha pa3/ieTHUM TOBpIIMHAMa TeYHE W mapHe (dasze he ce
OJIPETUTH IPUMEHOM OJroBapajyhux moiy-eMInUpHjCKUX KOHCTUTYTUBHUX KOpeEJaIuja.

3a HyMEpHUYKO pelIaBame CHCTEMa jeAHadrMHa he ce KOPUCTUTH METOJ KOHAUYHUX
3anpemuHa. CMEHOM jeqHAYMHA OAp)Kama KOJIMYMHE KpeTama y CKAJIAPHOM OOJIHKY Y
jeIHaunMHy KOH3epBallje mace, 10o0uja ce jefHaYMHa 32 KOPEKIHjy MPUTHCKA y JBO(ha3HOM
TOKY, kKoja he ce pemmTtn mpumenom moauduroBane meroae "SIMPLE - Semi-Implicit
Method for Pressure-Linked Equations".

Hywmepuuke cumynanuje 18oda3HOT cTpyjama ca KJbyuameM y UCTapuBaykoj 1eBU he
Ce CIPOBECTHM 3a EKCHEPHMEHTAJIHE YCIOBE pACHOJOXUBE Yy JuTeparypu. Pesynratu
HYMEpUUYKUX cuMyjanuja he Outu ymnopeheHH ca pacloNoXUBUM €KCHEPUMEHATIHUM
pesynratuma. Y OKBHUPY Te€3€ pa3BHUjeHH U BepuU(PUKOBaHM HyMepuuku Monen he ce
NPUMEHHUTH 33 CUMYJIAlM]y U aHAJIM3Yy CTPYJHO-TEPMHUKHUX YCJIOBA Ha TPEjHOj MOBPILIUHU Y
HCTIapUBAavYKOM KaHaIy peaJHOI EHEepreTrckor reHeparopa mape. Ommcahe ce mocrymak
IpUMEHE pa3BUjeHEe METOIe Y OKBUPY aHaJIM3a CUTYPHOCTH I'€HeparTopa mape.

6. OYEKMBAHU HAYYHMU JOITPUHOC

OuekMBaHU Hay4YHU pe3yJdTaTH cy: (a) pa3BOj HyMEPHUUKOT MOJeNa 32 CUMYyJAlUjy U
aHaM3y yCJIOBa Ha TPEJHOj TMOBPIIMHH NPU MEXYpacToM KJbydamy Yy HCIIAPHUBAYKAM
KaHanuMa, (0) caryienaBame CTPYJHUX M TEPMHUKHX yCIIOBAa HA MHUKPO U Makpo HHBOY KOjU
OTpesiesbyjy HMHTCH3UTET pa3MEHE TOIUIOTE MPH MEXypacToM Kibydasby, W (1) aHaim3a
yTUIaja NOjeIMHUX CTPYJHUX U TEPMUYKHX MapaMeTapa Ha yCJIOBE HaCTaHKAa KpU3e KJbydarba.
PasBujenn HyMepWdkH MocTynak he mpezicTaBibaTH 3HAa4YajaH JONPHHOC Y Pa3BoOjy METoJa
UCTpaXHBakha MEXypacTor KJby4ama, ¢ OO3MpOM Ja Cy JOCafalllbd METOIU pana Owim
YIJIaBHOM EKCIIEPUMEHTAIIHU, a Pa3BUjeHH EMIHUPHjCKHA MOJEIU Cy MOTJIM OWTH TIOYy3/1aHO
NPUMEHEHH CaMO y YXKeM OICeTy CTPYjHHX M TEePMUYKHX [apamerapa oOj 3Hadaja 3a
oJBHjame Tporieca. Pa3BujeHn meron he oMoryhwtu IUPEKTHY HYMEPHUYKY CHMYIIAIH]jY
mpoleca KJbyuyama, Kao M KBaHTHU(HKAIM]y yTHIlaja TOjeIUHUX NapaMerapa ABodazHor
CTpyjama M yCIIOBa 3arpeBama 3u/1a Ha HACTaHAK U OJIBHjarbe MEXypPacTOr KJbydamba.

Ca CTaHOBUINITa WHXKCHEPCKE IMpakce, OYCKHMBAHU pe3ylTaTH cy: (a) pasBoj
HyMepHUKe METOJIe 3a Moy3JaHo mnpeaBubame KoeduijeHTa npenasa TOmIoTe U KPUTUYHOT
TOIJIOTHOT (piykca, (0) mpuMeHa MeToje 3a carjieaBame yCloBa IMPH KOjUMa Ce MOXKe
noehatn KoeQUIMjEHT Mpesia3a TOMJIOTE M KPUTHYHU TOIUIOTHU (UIyKC, INTO yTHYE Ha
nosehawe TEpMHUUYKE CUTYPHOCTH T€HEpaTropa Mape M TepMHUKHX amapara, ¥ (1) mpuMeHa
METO/Ie Y OKBUPY aHaJIM3a CUTYPHOCTU €HEPreTCKUX I'eHeparopa mnape.

7. IINTAH HCTPAKUBAIBA U CTPYKTYPA PAJIA

7.1. Ilnan ucTpaxuBama

HctpaxuBame he ce 00aBuUTH y OKBHpY ciefaehux 3amataka: (a) pa3Boj PU3NUKUX H
MaTeMaTHYKUX Mojea ABo(a3HOr CTpyjama MPeKo rpejHe moBpimmHe, (0) pa3Boj Mojaena
HECTAllMOHAPHOT TpoBohema TOIUIOTE Yy 3WAY HMCHapUBaykor KaHaia, (B) pa3Boj Mojena



reHepalyje MexypoBa Ha TPejHOj OBPIIUHH, (T) MPUMEHA HyMEPHYKOT TIOCTYIIKa pellaBama
pa3BUjeHHX MoJela M pa3Boj oaromapajyher kommjyrepckor mporpama, (1) crpoBoheme
HYMEPHUYKHUX EKCIIepUMeHaTa U Bepudukamnuja Momena nopehemeM nodujeHNX pesyiaraTa ca
JOCTYIIHUM EKCIIEpUMEHTAIHUM TnofanuMma, (I)) mpumena pasBujeHe merone 3a mpeasuhame
pa3sMeHe TOIUIOTE NMPH MEXypPacTOM KJbyYamy y MCIApHUBAayKOM KaHAIly T€Heparopa Imape,
(e) mybnuKoBame J0OUjEHUX pe3yJITaTa.

7.2. CTpyKTypa pana

1. DeHOMEHOJIOMKN TPUKAa3 MEXypacTor KJbyuama. 3Hayaj I[IO3HaBama (PeHOMEeHa
MEXypacTor KJby4yama ca CTAaHOBHILTA CUTYPHOCTH U MOY3/1aHOCTH pajia TeHepaTopa mape.

2. Tlpernen caBpeMEHHX HCTpPaKUBamba MEXYpacTOr KJbyudara, OCTBAPCHHUX pe3yliTaTa U
METOJIa KOje Ce KOPHUCTE 3a MpeBul)ame KoeUIMjeHTa mpesa3a TOIIOTe y OBOM OOJIHKY
nBO(Qa3HOT CTpyjamba.

3. Pa3Boj ¢pu3MuKKMX M MaTeMaTUYKUX MOJela ABO(A3HOT CTpyjama, TeHepaluje mape Ha
I'PEjHOj TIOBPIIMHA U HECTAIIMOHAPHOT MTPOBONEHa TOILIOTE Y 3arpejaukoM 3HTy.

[Ipuka3 HymepuuKe METOJIe pelllaBamba MOJIEINA.

5. CrmpoBoheme HyMEepHYKHX eKcliepuMeHara 1Bo(a3sHor CTpyjama MPeKo TPejHE MOBPIINHE
ca reHepainujom Mexypona. Bepudukarmja moaena.

6. IlpumeHna pa3BujeHe HyMEpHUKE METO/E Y OKBUPY aHaJIM3a CUTYPHOCTH I'eHepaTopa mnape.
7. 3akibydak O OCTBApPEHOM Hay4YHOM JIOTIPHHOCY Y OKBUPY JIOKTOPCKE Te3€.

8. 3AK/bYYAK U IPEJJIOT

UnaHoBM KOMHCHjE 32 OIICHY Hay4YHE 3aCHOBAHOCTH IPEII0KEHE TeMe IOKTOPCKE
JUcepTalyje 3aKbydyjy:

e Kannmpatkuma, Anapujana CrojaHoBuh, TUINIOMUPAHU MHKEHEP MAIIMHCTBA, UCIYHaBa
cBe ycioBe mpeasuheHe 3aKOHOM O BHCOKOM oOpa3oBamy, CTaTyToM YHHBEp3UTETa Y
Humry un Craryrom MammHckor dakynteta YHuBep3uteta y Huiy 3a ctuname npasa 3a
npUjaBy TeMe U U3pajy JOKTOPCKE AUCEpTaLHje.

e KaHauaaTkuma je CBOjUM J0CANAIIbUM CTPYYHUM U HAYYHO-HCTPAKHBAYKAM PaIOM, Kao
1 u3pazom Beher Opoja pajoBa U yuenthuma y u3pajy mpojekara, okaszajia ClmocoOHOCT aa
ce 0aBM Hay4YHUM HCTPAKUBAHLUMA.

e llcrpaxkuBama Koja je KaHIUJATKUba pealn3oBalla y IPETXOJAHOM MEPUOly pe3ylThpala
Cy OpHUTMHAJHUM pe3yJTaTuMa KOJjU Cy T[PEe3eHTOBaHM Ha KOHQepeHIHjaMa MU
nyOJIMKOBAaHH y HAyYHUM YaCOMTUCHMA.

e [Ipemnoxkena Tema JOKTOpcke auceptauuje: "McrpaxkuBame TEPMUUKUX U XUAPAYITAIKHX
yClIOBa Ha TPEjHOj MOBPLIMHM MpPU KJbydarmy W KPHU3HM pa3MeHe TOIUIOTe" je Ha OCHOBY
HaBEJICHNX €JIEMEHATa HAyYHO 3aCHOBAHA.

e [lpennoxeHu canpkaj IOKTOPCKE AHMCEpTallMje jeé Hay4HO 3aCHOBAH, IITO YKa3yje na ce
NpeUIO’KEHa HCTPaKMBamkba MOTY DPEAIM30BaTH y BUAY OPWUTHHAIHOT paja Ha HHUBOY
JOKTOPCKE JANCepTaluje.

Ha ocHoBy mnperxomHo wu3noxeHor, wiaHoBM Komucuje 3a oOlLeHy HayudHe
3aCHOBAaHOCTH TeMe JOKTOpCcKe Jucepranuje npemnaxy HacraBHo-HayuHom Behy
MamuHckor ¢akyntera YHuBepsutera y Humry na Awnapujanu CrojaHoBuh, CTYyIEHTY



JTOKTOPCKUX CTynuja Ha MammHckoM (akynrety YHuBepsurera y Hwumry, omobpu m3pamy
JTOKTOPCKE JAMCEPTAIH]je MO PAJHUM HA3HUBOM:

"UCTPA’KUBAIE TEPMUYKUX U XUIPAYJIMUYKUX YCJTIOBA HA I'PEJHOJ
IHOBPIIUHMU ITPU K/bYUYABY U KPU3HU PASMEHE TOIIVIOTE"

Komucuja 3a MeHTOpa JOKTOpCKE AucepTalyje npeanaxe ap Jparomyda Kuskosuha,
penoBHor mpodecopa MammHCKor (hakynrera YHuBep3utera y Humry, a 3a komeHTOpa Ip
Bnangumupa CreBanoBuha, penoBHor mpodecopa MammHcKor Qakyirera YHHUBEp3UTETA Y
beorpany. Cnmcak Haj3Ha4yajHUJUX pedepeHIld MEHTOpa M KOMEHTOpa W3 YK€ HaydHe
00J1acTH U3 Koje je TOKTopcKa aucepranyja nat je y [pumory.

Y Humy u beorpany
Henem6pa, 2013.Tox

UYnanosu Komucuje

ap Aparopy6 ’Kuskosuh,
penoBHH mpodecop MammHckor daxynrera y Humry
(y>xa HaydHa oOsact: TepMOoTeXHHKA, TEPMOCHEPTeTHKA U TIPOILIECHA TEXHUKA)

ap I'pagumup Uauh,
penoBHu ipodecop MammHcKor dakynrera y Humry
(yxa HayuHa obnact: TepMoTexHHKa, TEPMOCHEPTEeTHKA U TIPOIIECHA TEXHHUKA)

ap bpatucnias baarojesuh,
penoBHH mpodecop MammmHckor daxynrera y Humry
(y>xa HaydHa oOsact: TepMoTeXHHKA, TEPMOCHEPTeTHKA U TIPOIIECHA TEXHUKA)

ap Baagumup CreBanosuh,
penoHH nipodecop MammHckor (akynrera y beorpany
(yxa Hay4yHa o0nact: TepmoeHepreTuka)

ap Muha Bykuh,
BaHpeaHU npodecop MamumHckor dakyarera y Humry
(y>xa HaydHa oOsact: TepMoTeXHHKA, TEPMOCHEPTeTHKA U TIPOILIECHA TEXHUKA)
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IIPWIOT 1 - TABEJIAPHU IIPUKA3 OCTBAPEHUX PE3YJITATA AHAPUJAHE CTOJAHOBUH - IIPEMA
INPABUWJIHUKY O IIOCTYIHNKY U HAYUHY BPEJHOBAWBA, U KBAHTUTATHUBHOM HCKA3UBABY
HAYYHOUCTPAXKUBAYKHUX PE3YJITATA HCTPA’KUBAYA

Hasus rpyme Oznaka | Bpcra pesynrara M/Bpennoct | Cyma
pesyJiraTa rpyne pesyJTaTa
HcrakayTta MoHOTpaduja MmehyHapomHor MI11/15 0x15=0
3HaYaja
Mownorpaduja mel)ynapomHor 3Hauaja M12/10 0x10=0
MoHorpadcka cTyamja/moriasibe y KbU3H M13/6 0x6=0
M11 unm pan y TemaTckoM 300pHHKY Boaeher
) Mel)yHapoIHOT 3Havaja

Monorpaguje, MoHorpadcka cryauja/mornaBibe  y kwusu | M14/4 0x4=0

Monorpagexke M12 wmm pa TEMaTCKOM  300pHUK

CTYIHj€e, TEeMaTCKU par ¥ PHHKY

SonHIL MehyHapoaHor sHauaja

30OpHHIH, Jlekcukorpadcka jeuHIIA WK KapTa y M15/3 0x3=0

AexcuKorpadeie u j myonmukanuju Boneher melhynapoanor

aprorpagee | M10 | Hyttal myGmmati noxcher wehyuapox

z}e/gj;ﬁzggﬁfor Hexcnxprpatbcxa jez.u/lﬂuua WJIN KapTa y . M16/2 0x2=0

3mauaja HAY4YHO] myOaukaimju MehyHapoaHor 3Hayaja
VYpehuBame HayuHe MOHOTpadHje Uin M17/3 0x3=0
Temarckor 30opHuka Bosxeher melhynaponHor
3Ha4aja
VYpehusame HayuHe MOHOTpadmje, TEMaTCKOT M18/2 0x2=0
300pHUKa, JIeKCUKOrpadcke i Kaprorpadceke
nyonukanuje Bogeher mehyHapomHOT 3Ha4aja
Pan y BpxyHCKOM Mel)yHapoIHOM dacomucy M21/8 1x8=0
Pan y ucrakayroMm MehyHapogHOM Hacomucy M22/5 0x5=0
Pan y meljyrapomHOM gacormmcy M23/3 1x3=3
Pax y wacommcy wMehynaponuor 3nauaja | M24/3 0x3=0
BepH(PHUKOBAHOT MOCEOHOM OJJTYKOM

Pajiou o6jasbern | M20 Hayuna kpurthka ¥ nonemMuka y ucrakHytom | M25/1.5 | 0x1.5=0

y HayqHUM Mel)yHapoIHOM Yacommucy

GACOMICHMA Hayuna kputuka v nosnemuka y mehynaponsom | M26/1 0x1=0

mehyrapoauor Hacomnucy

3Hauaja VYpehusame ncraknyTor MehyHapogHor M27/3 0x3=0
Hay4HOT 4acoITica Ha ToJl HUBOY (TocT
YpEIHUK)
Ypehusame Mel)yHapoHOT HAyYHOT Yacomuca M28/2 0x2=0
[TpenaBame no no3uBy ca melhyHapoxHor ckyma | M31/3 0x3=0
IITaMIIaHO Yy UENMHU (HEONXOIHO II03UBHO
TTHCMO)
[MpenaBamwe no no3uBy ca MehyHapoaHor ckyma | M32/1.5 | 3x1.5=4.5

300pHHIIH HITAMIAHO Y U3BOLY

MehyHapoHuX M30 Caonrresse ca MehyHapoaHor ckyna mrammaso | M33/1 18x1=18

Hay4YHUX CKYIIOBa y LEeIHHH
Caonmreme ca mel)yHapoaHor ckyma mrammano | M34/0.5 | 0x0.5=0
y M3BOALY
AyTtopusoBaHa jauckycuja ca MeljyHapogHor | M35/0.3 | 0x0.3=0
CKyIia
VYpehupame 300pHUKA caomrema | M36/1 0x1=0
MmehyHapoHOr Hay4YHOr CKyna
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Hcraknyta MoHOTrpaduja HallMOHAIHOT 3Ha4yaja | M41/7 0x7=0
MoHorpaduja HaTHOHAIHOT 3HAa4aja, M42/5 0x5=0
MOHOTpadcKo M3aame rpale, mpeBox U3BOPHOT
TeKcTa y 001Ky MoHOTrpaduje (camo 3a crape
Hanmonanse jesnke) :
MoHorpaduje, M40 MomHorpadcka 6ubnuorpadeka myodaukaija M43/3 0x3=0
TeMatrckn [Tormassbe y kibn3u M41 wimn pax y uctakaytom | M44/2 0x2=0
30opHuLH, TeMaTcKkoM 3060pHHKY Bozeher HamuoHamHOT
JIeKCHKOrpadeKe 1 3Hauaja, MPEBOJ M3BOPHOT TEKCTa y OOIHKY
KapTorpa(pQKe CTy/HWje, TOrNaBjba WJIM WIAHKa, MPEBOJ WU
nmybmmkauuje CTpy4Ha  peJakuuja  IpeBoJa  HaydHe
HaHOHAITHOT MoHorpadcke KiHre (CaMo 3a CTape je3uke)
3Hataja, HayqHN! IMornasibe y kwu3u M42 wiu pax y temarckom | M45/1.5 | 0x1.5=0
TIpEBOM 1 300pHUKY HallMOHAJIHOT 3Hayaja
KpHTHHka H3/1arba Jlekcukorpadcka  jeamHMma |y ~ Hay4dHO] | M46/1 0x1=0
rpabe, yOJIMKaLMj1 HAaIMOHATHOT 3Hayaja
Gubmmorp a(.i)CKe VYpehusame HayuHne MoHorpaduje, Temarckor | M47/0.5 | 0x0.5=0
mybmaKanuje 300pHUKa, JIEKCUKOrpadcke WM KapTorpadcke
myOnukanuje Bogeher HaMOHAIHOT 3HaYaja
VYpehuBame HayuHe MoHOTrpadwuje, TemarTckor | M48/2 0x2=0
300pHHKa, JIEKCHKOrpadcke WM Kaprorpadceke
myONMKaIyje HallMOHAIHOT 3Hadaja
M49/1 0x1=0
Yacommcu Pan y Bogehem gacomnmcy HarpioHamHOT 3Hadaja | M51/2 1x2=2
HalMOHAITHOT Paj y yaconucy HallMOHaJTHOT 3Havaja M52/1.5 | 3x1.5=4.5
3Ha4aja Pan y HaygyHOM wacomucy M53/1 0x1=0
M50 VYpehuBamwe Boacher HayuHor wacomuca | M55/2 0x2=0
HAIIMOHAJTHOT 3Havaja (Ha FOJIVIIHEM HUBOY)
VYpehuBame HaydHOr dYacomuca HarpoHaiIHOr | M56/1 0x1=0
3Hayaja (Ha TOMIIHEM HHBOY)
300pHHUIH CKYyTIOBa [IpenaBame mo mo3mWBY ca cKyma HamwoHamHor | M61/1.5 | 0x1.5=0
HalIOHATHOT 3Hayaja NITaMIIaHO Y LCIUHU
3Hadaja [TpenaBame 1o Mo3uBy ca cKyna HaruoHaIHOr | M62/1 0x1=0
3HaYaja MTaMIIaHO Y H3BOIY
CaonmTere ca CKyma HaIlMOHATHOT 3Hadaja | M63/0.5 | 5x0.5=2.5
IITAMIIAHO Y LEeIHHH
CaonmTee ca CKyna HaIOHATHOT 3Hadaja | M64/0.2 | 0x0.2=0
M60 IITAMIIAHO Y H3BOIY
AyTopr3oBaHa JOWCKycHWja ca HammoHamHOT | M65/0 0x0.2=0
CKyIna
YpehuBame 300pHHKa caommTema ca ckyma | M66/1 0x1=0
HAIMOHAJTHOT 3Ha4aja
Marwucrapcke u M70 OnOpameHa TOKTOpCKa ArcepTalija M71/6 0x6=0
JIOKTOpCKE Te3¢ OnOpameH MarucTapcKu paj M72/3 0x3=0
HoBu npou3BOA MM TEXHOJIOTHja YBEACHH Y
NIPOU3BOIIBY, IIPU3HAT IIPOTPAMCKU CUCTEM,
NpU3HaTe HOBE T'eHETCKe Mpode Ha
MmehyHapoHOM HUBOY (Y3 [10Ka3), HOBO M&81/8 0x8=0

npuxsaheHo peeme npodiema y odaacTu
MaKpOEKOHOMCKOT, COLIUjaTHOT 1 podiiema
OJIPXKHMBOT IIPOCTOPHOT Pa3Boja PELEH30BaHO U
npuxBaheHo Ha MeljyHapogHOM HUBOY (Y3
JTOKa3)
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TexHuuka u
pa3BojHA pelema

M380

HoBa npousBoHa MHMja, HOBU MaTepHjal,
WHIYCTPHjCKH MTPOTOTHII, HOBO MpHxBaheHo
pememe npobdiema y obiactu
MaKpPOEKOHOMCKOT', COIIHjATHOT M Ipo0diieMa
OJP>KUBOT IIPOCTOPHOT Pa3Boja yBEACHH Y
Ipou3BOARKY (Y3 J0Ka3)

M82/6

0x6=0

HoBo maboparopmjcko TOCTpOjeme, HOBO
EKCIIePUMEHTAITHO MOCTpOjerbe, HOBHU
TEXHOJIOIIKU MocTynak (y3 oKa3)

M83/4

0x4=0

butHO mOOGOJBIIAH TOCTOjehn TPOWM3BOL WIH
TexHojJoruja (y3 JI0Ka3) HOBO  pelleme
mpobiemMa y  00JacTH  MHKPOEKOHOMCKOT,
COIMJATHOT U MPo0OJieMa OJIP>KUBOT IPOCTOPHOT
pa3Boja  perieH3oBaHO W mpuxBaheHo Ha
HAIIMOHATHOM HHBOY (Y3 JIOKa3)

Mg&4/3

0x3=0

[Tporotumn, HOBa MeTona, cCOPTBEP,
CTaHAApIM30BaH WM aTECTUPAH HHCTPYMEHT,
HOBa T'eHCKa Ipo0a, MUKPOOpTaHu3MU (Y3
JIOKa3)

M8&5/2

0x2=0

Kputnuka epanyaryja monaTtaka, 6a3a mouaTaka,
NPHUKa3aHK JIeTaJbHO Kao Jeo MelyHapoaHUX
pojeKaTa, myOJIMKOBaHA Kao WHTEpHE
myOnuKamyje uin npukasanyd Ha HTepHeTy

M&86/2

0x2=0

ITarenTu, ayropcke
H37105k0€, TECTOBU

M90

Peanm3oBanu nareHT, coj, copTa, WM paca,
APXUTEKTOHCKO, rpal)eBUHCKO WITH
ypOAHUCTUYKO ayTOPCKO A0 Ha
MelyHapOIHOM HHBOY

MI1/10

0x10=0

PeannzoBanu nateHr, coj, coprta, WM paca,
APXUTEKTOHCKO, rpal)eBUHCKO WIIH
ypOaHHCTHYKO ayTOPCKO JIEI0

M92/8

0x8=0

AyTopcka H3JI0KOa ca KaTaloroM y3 HaydHy
peneH3njy

M93/3

0x3=0

YKynHo ’

34.5
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