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3AXTERB
3a AaBame carnacHocTtu Ha pedpepat o ypaheHoj AOKTOPCKOj AucepTauuju

Monumo ga, cxogHo YnaHy 46. cT. 5 Tau. 4. Ctatyta YHuepauteta y beorpagy (, (macHuk YHuBepsuTeTa®,
©poj 131/06)“, paTte carnacHoCT Ha pedyepat o0 ypaheHoj JOKTOPCKOj AMcepTaumju kKaHanaara:

MUSTAFA MAKHZOUM ALI MAHJOUB
(Mve,nme jeaHor of poauTerba v npesnmve)

KAHOVWOAT MUSTAFA MAKHZOUM ALI MAHJOUB ynucaH Ha [loktopcke ctyaumje 2013 roauHe.
(vme, nve jegHor og poauTerba U Nnpesvme)

MogHeo je 3axTeB 3a U3pagy OOKTOPCKe AucepTaumje:
YTUUAJ YBOBEHLA BOOOHUKA Y MPUPOOHU TAC HA NMPOLIEC CATOPEBAKBA
THE EFFECT OF BLENDING HYDROGEN INTO NATURAL GAS ON COMBUSTION

YHuepauTteT je gaHa 31.10.2016. rog. ceojum aktom nog 6p._61206-5257/2-16 nao carnacHOCT Ha Npeanor tTeme
JOKTOpCKe aucepTtauumje koja je rmacuna:

YTULAJ YBOHEWLA BOOOHUKA Y NPUPOOHU FTAC HA NMPOLIEC CATOPEBAHKLA

THE EFFECT OF BLENDING HYDROGEN INTO NATURAL GAS ON COMBUSTION

Komucuja 3a oueHy n ogbpaHy goktopcke auceptauuje kaHamaata: MUSTAFA MAKHZOUM ALI MAHJOUB

(MMe,MMe jegHor of poauTerba u npesvve)

O6pasoBaHa je Ha ceaHmum ogpxaHoj 15.03.2018. rognHe, oanykom cakynrteta nog 6p. 598/2 , y cacrtasy:

Mme n npesnme ynaHa 3Bame Hay4yHa obnact yCcTaHoBa Y Kojoj je
3anocnex
Komucuje
TexHonorunja mar. -
._Op Muporby6 Auunh Mpod. emeputyc caropeBane MawwmHckn pakynteT beorpag
TexHonorunja mat. —
. Op Oparocnasa Crojurbkosuh  Pea.npoc. caropeBahe MawwuHckn cakynTteT beorpag
. Op Backo ®otes Pen. npoc. TexHonorvja mart. — MalumHckn chakynteT Beorpap
caropeBahe
._HAp Mapuja >Kuskosuh BaHp. npoc. EHepreTuka u caropesatbe Pr® Beorpap
. Op Anekcangap Munusojesuh HoueHt TexHonorvja mat. — MawwHckn pakynteT Beorpag
caropeBahe

HacTtaBHo-Hay4HO Behe chakynTeTa npmuxBaTuno je ussewTtaj Komucuje 3a oueHy n ogbpaHy JOKTOpcke
JucepTaumje Ha cegHUUM oapxaHoj AaHa 26.04.2018. roguHe.

JOEKAH
MALUMHCKOIT ®AKYIITETA

npod.ap Pagusoje Mutposuh
Mpunor: 1. N3BeLwTaj KOMUCKje ca Npeanorom.
2. Akt HactaBHo-Hay4Hor Beha dpakynteTa o ycBajary M3BeLUTaja.
3. Mpumenbe nate y ToKy CTaBrbakba U3BELLTaja Ha YBUA jaBHOCTH,
YKONUKO je TakBUx npumenom 6uno.



YHUBEPSUTET Y BEOIPALY
- MALUMHCKW ©AKYNTET —
Bbpoj: 598/4

OaTtym: 26.04.2018. roguHe
Beorpag, Kpareuue Mapuje 16

Ha ocHoBy unaHa 30. 3akoHa O BMCOKOM obpasoBawy (,CnyxbeHu rnacHuk PCY, ©poj
76/2005, 100/2007 — ayTeHTU4HO Tymaudeke, 97/2008, 93/2012 n 89/2013), unaHa 63.
Cratyta MawwuHckor dakynteteta (6poj 1876/1 og 04.10.2013. rogmHe) n udnaHa 37.
lMpaBunHuka o gokTopcknm ctyguvjama MalwmHckor dpakynteTta n pedepata Komucuje y
cactaBy: Ap Mwuporby6 Apuh, npod. emeputyc, meHTop, ap Oparocnasa CTtojurbkosuh,
peg. npod., ap Backo ®otes, pea. npod., ap Mapwuja >Kmekosuh, BaHp. npocp., PI'®
Beorpag v gp Anekcangap Munusojesuh, oou., 0 oueHW OOKTOpCcKe aucepTauuje ,YTuuaj
yBohewa BOAOHMKA Yy MpUPOAHM rac Ha npouec caropeBawa (The effect of blending
hydrogen into natural gas on combustion)® ctygeHTa poktopckux ctyamja Mustafa
Makhzoum Ali Mahjoub, macTt. uHX. Mmaw., HactaBHO-Hay4HO Behe MawunHckor
dhakynTeTa Ha cegHuum ogpxaHoj 26.04.2018. roguHe, noHeno je cnepehy

oanyky

YcBaja ce pedepat Komucuje o ypaheHoj goktopckoj auceptauuju ,,YTULAJ YBOBEA
BOOOHUKA Y NMPUPOOHU TAC HA MNPOLEC CAIrOPEBAMKA (THE EFFECT OF
BLENDING HYDROGEN INTO NATURAL GAS ON COMBUSTION)* crtygeHTa
MUSTAFA MAKHZOUM ALI MAHJOUB, macT.nHx. matu.

[okTopcky aguceptaumjy u pedepatr Komucuje o0 ypaheHoj AOKTOPCKOj AucepTauumju
AOCTaBMTM Ha [JdaBawe carnacHoctu Behy HayyHMx o6nactn TexHUYKuX Hayka
YHuBepauTeTa y beorpaay, no ucteky poka og 30 gaHa y kome cy 6unu Ha yBuay jaBHOCTMW.

Oanyky goctaButu: Behy HayyHMx obGnacTu TexXHWYKUX Hayka YHuBep3auTeTa y Beorpaay,
CTYAEHTY, MEHTOPY U apxmBu dakynTeTa.

OEKAH
MALUMHCKOI ®AKYIITETA

npod. ap Pagueoje Mutposuh



YHUBEP3UTET ¥ BEOI'PALY
Mammnacks paxkyarer

BERY JOKTOPCKHUX CTYIHUJA

IIpeamer: Pedepar o ypaheHoj mokTopckoj nucepramnuju kanauaara Mycradpe Makxzoyma Anu
Maxjoy6a (Mustafa Makhzoum Ali Mahjoub), mact. uHx. marmi.

Onnykom 598/2 on 15.03.2018. ronuHe, nMeHOBaHHM cMO 3a wiaHoBe Komucuje 3a nperien, oleHy
U o0paHy AOKTOpcke nucepranuje Mycradpe Makx3zoyma Anu Maxjoy6a (Mustafa Makhzoum
Ali Mahjoub), macT. uHX. Mar.

0] HACTIOBOM

» YTHIIa] YBol)era BOJOHUKA Y NPUPOIHHU r'ac Ha MPolec caropeBama‘
(The effect of blending hydrogen into natural gas on combustion).

[Ipernenom nocraBjbeHE AMcepTanyje W Apyrux nparehux marepujana, Komucuja je momnocu
cinenehu

PEDPEPAT

1. YBOJ
1.1. XpoHosoruja onoopaBama u u3paje aucepranmje

Kanmunat mp unx Mycrada Makx3zoym Amu Maxjoy6, (Mustafa Makhzoum Ali Mahjoub),
MacT. MHX. Maml. O0poj mHaekca /[l 43/2013, je ymucao JOKTOpCKE CTyavje Ha MammHCKOM
dakynrery YHuBepsurera y beorpany mxoscke 2013/2014. roqune. Hakon monokeHUX UCIUTa
U HUCIyHEHha OCTAJIMX YCJIOBa, KaHAMIAT je MoaHeo 3axTeB Op. 2234/1 onx 28.10.2015. 3a
onobpeme u3pane AOKTOPCKE AHMCepTalHje IOJ HACIOBOM ,,YTHIQ] yBOhema BOJOHUKA Y
npupoaHu Trac Ha mpouec caropeBama’ (The effect of blending hydrogen into natural gas on
combustion), u pedepara Komucuje, HactaBao Hayuno Behe MamuHckor akynrera JOHENIO
oTyKy Op. 2463/2 01 29.09.2016. kojoMm ce mpuxBaTa HaydyHa 3aCHOBAHOCT TEME JUCEPTAIHje U
KOHCTatyje na ctyneHT Mycrada Makx3zoym Anu Maxjoyd MacT. MHXK. Malll. UCITyHhaBa yCIIOBE
3a W3paay JOKTOPCKE JMCEpTalHje MOJl HACJIOBOM HACIOBOM ,,YTHIIA] yBOhema BOJOHUKA Y
npupoaHu Tac Ha mporec caropeBama’ (The effect of blending hydrogen into natural gas on
combustion), a 3a MeHTOpa ce uMeHyje 1p Muposbyba Anuha, npod. emepuryc.

Ha ocHoBy o6aBemrewma ap Mupospyba Anwmha, npod. emepuryca, MEHTOpa, CarjaCHOCTH
Komucuje 3a nokropcke cryauje u Koopamnaropa 3a HacTaBy Ha CTPaHOM je3HKY, Aa j€ CTYAEHT



Mycrade Makx3zoyma Anmun Maxjoyoa (Mustafa Makhzoum Ali Mahjoub), mact. umx. mar.
3aBpIInoO TOKTOPCKY JHcepaTalujy 1moj HaclIoBOM ,,Y THIIA] yBol)ermha BOJOHUKA y IPUPOJIHU Tac
Ha npouec caropeBama“ (The effect of blending hydrogen into natural gas on combustion),
HacraBHo nayuno Behe MammHckor Qakynrera aoHeno je ominyky 598/2 om 15.03.2018.
roJMHe, O WMEHOBamy wiaHoBa Kommcuje 3a oueHy U oJ0paHy JIOKTOPCKE JIucCepTaluje
,,YTHUIIa] yBohema BOJOHHMKA Y MIPUPOJIHHU rac Ha mporec caropeBama’ (The effect of blending
hydrogen into natural gas on combustion), y cactaBy nap Mupossyd Anuh, mpod. emepuryc
Mammunackor ¢dakyntera YHuBep3utera y beorpany, np JparocmaBa CrojusbkoBuh, pea. mpod.
Mammunckor ¢akynrera YHuBep3utera y beorpany, ap Backo ®otes, pen. npod. MammHCcKOr
daxynrera YHuBep3utera y beorpany, np Mapuja Kuskosuh Banpenuu npodecop Pynapcko
I'eonomkor Qaxynrera YuuBepsautera y beorpany m np Anekcangap MwunnBojeBuh, AOIEHT
MarmuHckor ¢akynrera YHuBep3urera y beorpany.

1.2. Hay4yna o0aacT qucepranuje

JlokTopcka nucepranuja kanauaata Mycradhe Makxzoyma Amn Maxjoy6a (Mustafa Makhzoum
Ali Mahjoub), MacT. UHX. Mall. IO HACIOBOM ,,Y TUIIa] yBol)ema BOJJOHUKA Y IPUPOIAHU rac Ha
nporiec caropeBama‘ (The effect of blending hydrogen into natural gas on combustion) npunana
oOmacti TexHMUKHX Hayka — MaIIMHCKO MHXKEH-EpCTBO, y)kKa Hay4yHa oOmact CaropeBame, 3a
KOjy je Matudan MammuHcku akynter YHuBepsurera y beorpany.

W3pagoMm moKTOpcKe mucepranuje pykoBoauo je np Muposbyd Aumh, mpodecop emepuryc
MammuHckor dakyiaTeTa YHUBep3uTeTa y beorpany uuje cy yke HaydHe M CTpydHE OOJIacTH:
caropeBame, ropuBa, MPOMyJ3nuja, TacHe TypOWHE, BOJIOHWK, rOpuBHE hemnuje, 3amTuTa >KMBOTHE
CpenuHe, OJHOCHO, HAy4YHE 00JIaCTH K0jOj MpHUIaja oBa IucepTaIyja.

1.3. buorpadgckn noganu 0 KAaHAUIAATY

Mycrada Makx3zoym Anu Maxjoyo je pohen 28.08.1976 y Mucyparu, JIubuja. OcHOBHO H
cpenme obpasoBame je crekao y JIlubumju. 1992. rogmHe ce ymucyje ce Ha YHHBEP3UTET Yy
Tpunonujy u ctynupa mamuHcTBO T1e 1999. ctuue BSc nunmomy. [Totom npenazu 2004. ronune
Ha YHuBep3uteT y Mucypatu rtae 2009. ronuHe ctuye MSc IUILIOMY MallMHCKOT HMHXKEHEPa.
Joxropcke crymuje Ha MamuHckoMm dakynrety y beorpamy ymucyje 2014. roguHe U Koje
YCIIEIIHO 3aBpllaBa ca MPOCEYHOM OoLieHOM 9,89.

1.2. PaxiHO 1 HAYYHOMCTPAKHBA4YKO HCKYCTBO

VY nepuomy 2003 — 2009 Mycradha Makx3zoym Ammu Maxjoyd paam y Iron & Steel company
Misurata y Jlubuju kao WHXKEmep 3a oJApxkaBame MocTpojema. 2009. rogwmHe mpenasw Ha
YHuBep3uteT y Mucypatu e paad kao gomeHt. Y mepuoay ox 2012-2013. rogune je mied
Onemmema 3a BHCOKO OOpa3oBame Ha YHUBEp3UTeTy y Mucyparun. 3a BpeMe paaa Ha
VYuusepsurery y Mucyparu Mustafa Makhzoum Ali Mahjoub o6jaBibyje pax:



JlokTopcke ctynuje Ha MammHcKoM (akyaTeTy YHUBep3uTeTra y beorpamy ymmcyje MIKOJCKe
2013/2014. rogune e nonaxe cBe ucnute npensuhene [lnmanom ycaBpuiaBama.

Tokowm pana y JIubuju o6jaBibyje cienehu HayqHO-UCTPAXKUBAYKU Pl

Mustafa Makhzoum Ali Mahjoub, Thermal Analysis of Combined cycle Power Plant with
Desalination Unit, Scientific Net, Materials Science And Engineering, 2012.

a TOKOM JIOKTOPCKHX CTyIHja 00jaBJbyje pa:

Mustafa Makhzoum Ali MAHJOUB, Aleksandar M. MILIVOJEVIC, Vuk M. ADZIC, Marija A.
ZIVKOVIC, Vasko G. FOTEV and Miroljub M. ADZIC, NUMERICAL ANALYSIS OF LEAN
PREMIXED COMBUSTOR FUELED BY PROPANE-HYDROGEN MIXTURE, THERMAL
SCIENCE: Year 2017, Vol. 21, No. 6A, pp. 2593-2602.

Ogaj panx je o6jaBibeH y MelyHapogHOM vaconucy (kateropuja M23 D 1,093).

1. OIuC IMCEPTALIMJE

2.1. CtpykTypa u cajpxaj Aucepranuje

Hokropcka nauceprauuja  Mycrape Makxzoyma Anum Maxjoyba (Mustafa Makhzoum Ali
Mahjoub), MacT. WHX. Mall. O HACIOBOM ,,YTHIAj yBol)erba BOJOHUKA Yy NMPUPOAHH rac Ha
npouec caropesama‘“ (The effect of blending hydrogen into natural gas on combustion) nma
123 ctpane popmata A4, 76 nujarpama u ciimka, 4 Tabene, U CIIMCak JIUTepaType Ha 6 cTpaHa.

JHucepramnuja je moaespeHa y 6 moriapiba, oouma 116 crpana ca 110 nujarpama u ciuka:

1.YBox u ananu3a mpodiema.
2. llpernen nuteparype.
3. UcTpaxuBame mporeca caropeBama IPUMEHOM HyMEPUYKHUX METOAA.
4. Mopaenupame TOpPUOHHMKA U MPOLIEca caropeBama.
5. Pe3ynraTtu, aHanu3a v 3aKJby4lid.
Honarax 1.
JIureparypa.

2.2. Kparak npuka3 nojeAnHa4YHuX NOIJ1aB/ba

Y nmpBoM morjiaeJ/py ayTop pa3Marpa 3Hauaj eHepreTuke, ocnobalameM eHepruje MpoLecuMa caropeBama
(hocHIHUX TOpHWBA M 3AIUTHUTY KUBOTHE CpeHHE C 003UPOM Ha KIIMMaTCKe MPOMEHE U eMucHjy 3arahyjyhux
MPOIyKaTa caropeBama. AyTop 3aTHM IocBehyje Mmaxmy IpoOIeMaTHIIN eMHICH|e YTIheH TUKOCHIa Kao raca
cTakiieHe OamTe y CBETIy IMCEUU(PUUYHOCTH caropeBamba pa3IMYUTUX TOpHBa Yy TacHUM TypOHHama,
YKJbYdyjyhu TacoBUTa TOpHBa U3 OOHOBJEMBHUX M3BOPA M IMTOCEOHO BOJOHUK KA0 MHTEPECAHTHA aITepHATHBA
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KJIACHYHUM YTJHOBOJHMYHAM TOPHUBHMAa a KOjU C€ CBE MAacCOBHHje NIpPHMEHYje TPEe CBEra y 00JacTH
MOTOpHHX Bo3mia. [IoceOHO BaykHA MOTOJHOCT NMPHMEHE BOJOHHKA j€ MPEy3MMarba BHIIKOBA MPOU3BOIHE
CTpYje U3 COJapHUX CUCTEMa U BETponapkoBa. Tako Mpou3Be/IcH BOJOHUK je Moryhe YBOIUTH Y CTaHIAPAHY
racHy MpeXy 3a NpUpomHH Tac. HukakBe moceOHE TEeXHWYKE Mepe YKIbydyjyhm Oe30emHOCHE, HHUCY
noTpeOHe Ha ocTojehum crucTeMuMa IPUPOIHOT raca CBe 10 cajapikaja BogoHUKa o 10 % 3anmpeMUHCKUX y
MPHUPOJTHU Tac. AyTop 3aTHUM yKpaTko mozceha Ha eneMeHTe MoJenupama Ipoleca caropeBama 1 Ha Kpajy
HaBOJH IIJBEBE CBOj€ TUCEPTAITH]e.

Y napyrom mnoriaaB/by AyTop aHanmu3upa OnM3y 4YeTplIeceT pajoBa, EKCIEPUMEHTAIHUX U
HYMEPUYKUX, KOjU C€ OJHOCE Ha CaropeBame CMeEIla YIJbOBOJOHHYHHX TAaCOBHTHUX TOpUBA U
BOJIOHHMKA, KA0 ¥ YHCTOT BOJOHUWKA. McTpaknBama cy 00yxBaraia Kako peajiHa TaCHOTYPOMHCKHX
MOCTPOjeha, TaKO M TOPHOHHMKE JIA0OPATOPHjCKOT THMA, MTU(DY3HO W KUHETHYKO CaropeBame.
[lpeamern ucTpakmBama Cy OWIM CTaOWIIHOCT IUTAMEHA, YBJIAYCHE M OJyBaBame IUIAMCHA,
KapaKTepUCTUKE TUIAMEHA, CTPYjHO TO0Jbe, pacrojeia KOHIICHTpallja peakTaHaTa W TpoJyKara
caropeBama, pacrojiena Temneparype, emucuja NOX, a He3aBUCHE NPOMEHJbUBE Cy OOyxBaTaje
BpcTy Oa3HOr ropuBa y CMELIM Ca BOJOHUKOM, T'€OMETPH]y TOpPHOHHMKA, KOS(DUIMjEeHT BHIIKA
Ba3Jlyxa U BUXOpHU Opoj. Pesynraru mcrpakuBaua Cy yIrJIaBHOM CariiaCHH, MIPUCYCTBO BOJOHHKA
IpoIIupyje IpaHule cTabWIHOT paja, y3 noBehaHy omacHOCT yBamuewa IutaMmeHa. IlpucyctBo
BojoHnKka moBehaBa emucujy NOx. Majo je pamoBa KOjU TpeTHUpajy CiIydaj MpeaMeniaHor
caropeBama y BUXOPHOM TOPHOHUKY MUKPOTYpOWHE. AYyTOp HHjE y PACIOJOXKHBO] JIUTEPATYPH
HaIllao pajioBe KOjH TPETUPA]y MPOOIEeMaTHKY caropeBama y KOMOPH ca IeHTpatHuM TenoM. [1ITo
ce THYe HYMEPUYKOT MPHUCTYIa, ayTop KOHCTaTyje Ja BehnHa ucTpaknBadya Haja3u Ja CTaHAapIHU
realizable k-¢ model y3 y3umame y 003up nipeiajy TOIUIOTE 3pauemheM aje Jo0pe pe3yaTare.

VY Tpehem mornaBspy aytop pasmarpa moryhHoctu komepuujanHor coprsepa ANSYS Fluent 3a
HYMEPUYKO MOJEIHparm-e IMpolieca caropeBama MpeIMEIIaHuX CHUCTeMa caropeBama y BUXOPHO]
CTpyju, Kao M MOTryhHOCTH TeHepucama ojrosapajahe HyMepHuke Mpexe 3a JepUHHCAbE
reOMETpHje TOPHOHUKA H KOMOPE 3a caropeBame. AyTop J1aje mpuKa3 (U3NIKO-XEMH]CKOT MOJIeNa,
KOH3EPBaTUBHUX JE€IHAYMHA, MOJEla XEMH]JCKe KHHETHKe, TypOyJeHIMje, jelHaYnHa MPEeHOoca H
OCTAJIMX eJIeMEHaTa y BE3H ca IPOIECOM CaropeBama T'aCOBHTHUX TOPHBA y KOMOPH CaropeBama
MHUKPO TacHE TypOuHe.

VY norjaB/by 4YeTHPH ONKCAHU Cy KOHKPETaH 00jeKT UCTPAKUBaa, TOPUOHUK, KOMOpA 32 MEIIamke
rOpuBa W Ba3ayXa, LEHTPAIHHO TEJIO MPOMEHJBHBE AYXKHHE, KOMOpa 3a CaropeBame, TPaHUYHU
YCIIOBH M €JIEMEHTH HyMEpHUKOr mpuctymna. J[atu cy cBH MOTpeOHU JeTabu (PU3MUKOT CHUCTEMa,
pazHuX ycioBa, Bapujabiu (HOMHUHAIHOT TOIUIOTHOT omnTepehema, ropuBa, KOeQHUIMjEeHTa BUIIKA
Ba3Jyxa, BUXOpHOr Opoja, myxuHe LeHTpamHor Tena). [loceOHO je oOpaheHa mpobnemarnka
HyYMEpHUYKE MpPEKE Kao M ONTHMHpama Opoja enemeHara Mpexe. [loctaBibeHe ¢y Mpeke moceOHO
3a KOMOpPY 3a MeIIamke, TOPHOHUK U KOMOpY 3a caropeBame. Y LUJbYy OCHTYpama TOYy3IaHuX U
KBaJIUTEHUX pE3yJTaTa UCTPAXKHBama, ayTop je 00aBHO MpETMMHHAPHA HCTPaXHBamka Y BE3W ca
yTUIAjeM KBaJHWTETa MpEXe Ha HyMEpW4KH pe3ynrar. [Ipu Tome je MOCTaBHO HIECT Mpeka ca
pactyhum Opoje enemMeHara M YCTaHOBHO 3aBHCHOCT, OJHOCHO, HE3aBHCHOCT peliema of Opoja
eJIeMeHaTa Mpexe 1 0adpao Mpexy Koja 3a710BOJbaBa KBAJIHUTET.

Y meroM moriaBJ/by ayTop INpHKa3yje €0 pe3ylaTacBojuxX HCTpaxuBama U ynopelhyje nodujene
pe3yaTaTe ca ekcnepuMeHTuMa. VMcTpakuBama cy oOMMHa M 00yXBaTajy BaKHE €JIEMEHTE KOjU
omuCyjy ¥ JeuHHITY TIpolece CTpyjalka W caropeBama. lIpum TOoMe ayTop Bapupa BHIIIE
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HE3aBUCHUX MPOMEHJbMBHUX: KOC(PHUIIMjEHT BHUINKA Ba3Ayxa, BUXOPHU OpOj, MYKUHY LEHTPATHOT
Tesa U A00Mja pacrozeny TeMIepaType, KOHIIEHTpalije peakraHara (0asHOTr TOpHUBa, BOJOHUKA U
KHCEOHUKa), OP3UHCKO TOJbe, OP3UHY XEMHUJCKUX peakiija BOJOHHMKA M 0Oa3HOT TOpHBA, EMUCH]Y
NOx, Ka0 U KOHIICHTpallKje BOJEHE Mape M YIJbeH TUOKCHIA. AyTOp MCTOBPEMEHO aHaU3Upa
nobujeH e pesynrare u ymopelhyje ca EKCIepUMEHTATHUM TMojaluMa Koje uMa. Y aHalu3u
KOHCTaTyje Jla MpUMemeHU coTBEp Aaje moy3gaHe U Ao0pe pesynrare. AyTop IMokas3yje y Kojoj
MepH yBoheme BoJIoHNKa Y 0a3Ha yribOBOJOHHYHA FTOPHBA MEHa IMMOKa3aTeshe MPOIeca caropeBama:
pacrozienry TemriepaTrype, Op3WHCKO MMOJb€ Ka0 M €MHUCH]Y OKCHJa a30Ta, y OJIHOCY Ha ropuBa 0e3
nomaror BojoHuka. [loceban momcpuHOC ayTopa je CHUTpaKMBamkE yTHIAja IEHTPATHOT Tela Ha
rope MOMEHyTe Ba)KHE MapamMeTpe.

VY nmorsias/by mecT ayTop JOHOCH Ha 3aKJby4yKe O YTHIIA]y IPUCYCTBA BOJOHHUKA y 0a3HOM TOPHBY,
Kao M edekara HE3aBUHCO NMPOMEHJBUBHUX IMapaMeTapa — Koe(lujeHTa BHUILIKA Ba31yXa, BUXOPHOT
Opoja, ca CTaHOBHWINTA CTPYJHOT, TEMIEPATYPCKOT U KOHIICHTPAIIMOHOT 10Jba, YTUIIA] HA EMHUCH]Y
OKCHJIa a30Ta y YCJIOBUMa CHpOMAIITHE CMEIIe U KHHETHYKOT caropeBarma, y BUXOPHOj KOMOPH 32
caropeBame ca W 0e3 MpPUCYCTBa IEHTpPAIHOT Tena. Takole ayrop mpemiake CMEpHUIE 3a Jalba
UCTPaKUBambA.

3. OEHA JUCEPTALIMJE
3.1. CaBpeMeHOCT U OPUTHMHAJTHOCT

JlokTopcka mucepranuja kanauaatra Myctade Makxzoyma Anu Maxjoy6a (Mustafa Makhzoum
Ali Mahjoub), macT. uHX. MaIl. o HaCJIOBOM ,,YTHIIQ] yBoh)ema BOJIOHHWKA y TIPUPOIHU Tac Ha
nporec caropeBama’ (The effect of blending hydrogen into natural gas on combustion) TpeTupa
npo0JeMaTuKy pelraBama rnpodiema 0OHOBJLUBUX U3BOpA €HEPrHje, Kao LITO Cy €Hepruja BeTpa u
CyHIIa M HHUXOBE HECTAIMOHAPHOCT KOja PEMETH CTAa0MJIHOCT EJIEKTPUYHUX EHEepPreTCKUuX
CTallMOHAPHHUX CHCTeM. JenHo ox Moryhux pemema je MpPOM3BOAKA BOJOHHKA M  HETOBO
CKJIQUINTEH¢ y TACHO] MPEXH, OJHOCHO BEIMKHM CKJIAJUINTHMAa raca U HEroBo Kopuinheme y
MpollecuMa caropeBama rnpemMa nmorpedama. Cercku npomnucu npeasuhajy na ydenrhe BOJIOHHUKA HE
npenazu 10% 3ampeMHHCKUX Y CMEIIM ca MPUPOJHUM M yTEUHEHHMM HAQTHUM racoBuma. Y
CBETCKO] JIUTEPATypH MMa peJaTUBHO MaJI0 pajoBa KOJU TPETHPAjy OBY MPOOJIEMATHKy a Takohe
youaBa ce y MocCJeIlh¢ BpeMe HarjIuju mopacTt Opoja pamoBa, mTo OBy 00JaCT YHHU CAaBPEMEHOM U
penaTuBHO Mame ucTpakeHoM. KoHkpeTaH opurmHanaH HayyHU Wb JUCEpTaldje je 1a Yy CBETIY
apryMmeHara 3a U IpOTHB yroTpede MemaBuHa (OCHITHIX TaCOBUTHX TOPUBA M BOJOHUKA HUCTPAXKH
yTUIA] TPETXOAHO TNPHUIPEMIbEHE CMEIe TropuBa M Ba3AyXa Ha pajl BUXOPHOI TOPHMOHHKA ca
[EHTpaJIHUM TelloM M emucuje 3rayjyhux mpoaykara caropeBama: CO m NOx u dopmupa
OpPUTHUHAIHU HYMEPUYKH MOJIeN KOju he OuTH MoTBpheH eKcrepruMeHTAIHUM M0/1alluMa.

3.2. OcBpT Ha pedepeHTHY U KOpulTheHy JJUTEPATYPY

Criucak uTepaType Kojy je KaHIuAaT KOPUCTHO JaT je y mpuiory pana. Kopumihena nureparypa
oOyxBata ykynHo 143 pedepenue. [Ipernenom pedepeHnn KOHCTaTyjeMo J1a je KaHTUAAT KOPUCTHO



IMPOKH M300p anekBaTHUX pedepeHnn mpema noriaBbuMa. Behuna pedepeniu cy myOinmkoBane
y 3a[IBUX JECeT roJIMHa U IPEACTaBIbajy CTambe HayKe y ocMaTpaHoj o0acTu.

3.3. Onuc u a1eKBaTHOCT NPUMEHeHUX HAYYHHX MeTo1a

VY u3pamu aucepranyje NpUMEHEHe Cy HayYHe METOJIC HEOMXOHE 32 HyMEPUYKO MOJICIHUPAkE U
BepuduKaijy u 1o0ujeHnx pesyirara. Hymepuuka ucTpakMBama peaii30BaHa Cy KOpHIIhemeM
coptBepa ANSYS Fluent m mMerone koHayHMX eneMeHara. J[oOWjeHW pe3ynaTaTd U MOJIEHI Cy
MIOCTaBJbCHH Ha 0a3W OPUTHHAIHHX CKICEPUMEHTAIHUX HCTPaXHBama W TOTOM IPOBEPEHU U
noTBpheHH 3a KapaKTEePUCTUYHE CITy4ajeBe.

3.4. IIppMeH/bMBOCT OCTBAPEHUX Pe3yaTaTa

Pesyntatn oBe MOKTOpPCKE AMCEpTalije NPUMEHHBH Cy Y KakO y HAyYHOM CMHCIY, TaKo
NPaKTUYHUM CHUCTEMHMa caropeBama. [I0CTaBJbEH je MOJIEN caropeBama IMpeIMellaHe CMeIe
docunHux racoBUTHUX ropuBa u BomoHuka (10%) y ycioBuma BUXOpHE TypOyJIEHTHE CTpyje, 3a
pa3uuuTe BPEIHOCTH KoedIMjeHTa BUIIKa Baszayxa. [loTBpheHM Cy CTaOMIHOCT caropeBama M
emucuje 3aral)yjyhux mpomykara caropeBama y J03BOJBEHHM T'paHHIIAMa KOj€ Cy TPHOIHMCAHE
oJiroBapajyhum npaBuiHUIIIMA.

Ilopen HOBUX ca3Hama y IMOCMAaTpaHO] OOJIACTH, pE3yJNTaTH OBE JUCEepTaluje MOry aa Oyay
KOPUCHH HCTPa)XMBaYMMa, KOHCTPYKTOPHMA U ONEPATUBHOM 0C00JbY KOje ce OaBH MOPHOHHUIINMA,
nehuma, JT0KUIITHMA, KOTJIOBUMA U JPYTUM CUCTEMHMA 32 CaropeBambe.

3.5. OneHa JOCTUTHYTHX CIIOCOOHOCTH KAHAMIATA 32 CAMOCTAJIHHA HAYYHHU Pajl

Komucuja cmatpajy na je KaHAMIAT IMOKAa3a0CMKCA0 3a HAYYHU pPaJ M TMOTPEOHO 3Hame 3a
caMOCTajlaH Hay4YHO MCTPAXXKUBAUKHU pajl, Ka0 M pEIlaBambe HHKEHEPCKUX MpodiieMa MPUMEHOM
CaBpEMEHHMX TEOPHJCKUX M HYMEpPHUKHUX MeToja. Takobe, KaHIUAAT je MOKa3ao CIOCOOOHOCT Ja
KOPUCTH HAay4YHY M CTPYUHY JuTaparypy. OBa aucepraiyja je KOHKpeTaH MuoKa3aTesb CHoCOOHOCTH
KaHAMaTa Jja aHaJIM3Kupa mpooJieM, U3BPIIA CHHTE3Y U IPUMEHY HOBUX Ca3Haamba.

4. OCTBAPEHU HAYYHHU JONPUHOC
4.1. [Ipuxka3 ocTBapeHUX HAYYHHUX JONPUHOCA

VYBuznom y nucepranujy Komucuja je koHcTaTroBana cienehe HayuHe gonpuHoce:

(DopMI/Ipa}Le q)HBH‘IKO-MaTGMaTI/ILIKOI‘ MOZACJIa caropcBamkba CMCHIC YIJbOBOJOHHWYHUX TI'aCOBUTUX
TopuBa U BOJOHHUKA.

IlocTaBmame HYMCPHUYKE MCTOJC 3a CaropCBambC CMCHIC YIJbOBOAOHUYHHX TaCOBUTHUX TOpHUBA U
BOJOHHKA.



[ToTBpa NPUMEHJEUBOCTH TIOCTABJbEHE HYMEpPHUYKE METOJE 3a CHMYJAIHMjy caropeBama Yy
CJIO’)KEHUM YCJIOBMMaA MPEIMEIIaHUX CUCTEMA.

bosbe pasymeBame MexaHM3Ma caropeBama CMEIIE YIJbOBOJOHHYHHUX TaCOBUTHUX TOpUBA H
BOJIOHMKA Y YCIIOBHMa TypOyJIeHTHE BUXOPHE CTpYje.

4.2. KpuTnuka ana/iu3a pe3yJTaTa HCTPa)KNBamba

Nmajyhu y Buay o0macTu UCTpakuBama Kojuma ce OaBe wianoBu Kommucuje, oarosapajyhmx
NyOJIMKOBAaHMX HWCTPaXMBama JAPYTrUX HCTpaXHBada, Kao W CajAp)Kaja W pe3yirara JOKTOPCKE
nucepTtarje, Komucuja cmatpa na cy A00HjeHHM pe3ysITaTh 3HAYajHH U NMPUMEHJbUBH Y TPAKCH.
Hymepuuka wucTpakuBama Cy MOTBpheHa oarosapajajyhuimM pesyiaraTiMa eKCIEpUMEHTATHHX
UCTpaXkuBama. KaHauaar je ycrnemHo OAroBOpUO 3aXTE€BHMa JAMCEPTAIlUje y CBUM MOCTABJbEHUM
€JIeMEHTHMA U T0Ka3a0 CIIOCOOHOCT 3a CaMOCTaIaH HayYHO UCTPAXKUBAUKH PaJl

4.3. Bepudukanuja Hay4HUX JONPHHOCA

Bepudukanuja 1o6ujeHuX OpUTHHAIHUX pPe3yJiTaTa OCTBApPEHa j& Kpo3 pa:

Mustafa Makhzoum Ali MAHJOUB, Aleksandar M. MILIVOJEVIC, Vuk M. ADZIC, Marija A.
ZIVKOVIC, Vasko G. FOTEV and Miroljub M. ADZIC, NUMERICAL ANALYSIS OF LEAN
PREMIXED COMBUSTOR FUELED BY PROPANE-HYDROGEN MIXTURE, THERMAL
SCIENCE: Year 2017, Vol. 21, No. 6A, pp. 2593-2602.

o0jaBibeH y Mel)yHapoHOM yaconucy kateropuja M23.

5. 3BAK/bYYAK U ITPE/UIOT

JokTopcka mucepranuja kanauaara Mycrade Makx3oyma Anun Maxjoyoa (Mustata Makhzoum
Ali Mahjoub), MacT. HHXX. Malll. 1IOJ1 HACJIOBOM ,, Y THIaj YBol)er-a BOJOHNKA Y NPUPOIHH rac
Ha npouec caropeBama“ (The effect of blending hydrogen into natural gas on combustion),

Komucuja 3a mpersen, oueHy W oa0OpaHy IOKTOPCKE AMCEpTallMje KOHCTaTyje naa je ypaheHa
JIOKTOPCKa JMCcepTallyja HalmucaHa mpeMa cTaHAapAnMa y Hay4yHO-MCTPaKMBAaYKOM pajay, Kao U Ja
UCITyHaBa CBE ycloBe mpeaBuljeHe 3aKOHOM O BUCOKOM 00pa3oBamy, craHmapanMa u Ctatyrom
YHuBep3utera u MammHckor (akynrera y beorpany. Komucuja takohe cmarpa nma aucepranuja
Npe/ICTaB/ba OPUTHHAIAH W yCIENIaH HAyYHO-HCTPAKUBAYKH pajl, ca KOjUM je HayYHa W CTPydYHA
JaBHOCT YIIO3HATa MyTeM 00jaBJbEHOT HAy4YHOT paga o00jaBJbeHOT y Mel)yHapOJHHM YacCOIHCY
Kareropuje M23.

Komucuja 3a onieny 1 o0paHy JOKTOPCKE AUCEpTaIje 3aK/by4yriia je 1a JucepTalnja mpeacTaBiba
OPUTHHAIIHU HAy4YHHM paj ca HAyYHUM JONPUHOCOM Yy 0OJacTH TEXHMUYKMX HayKa, y)a HaydHa
obmact CaropeBame, Ta carjiacHo ToMme mnpemiaaxe HacraBHo-HayuHom Behy MammHCKOT



dakynrera YuuBepsuteta y beorpany nma mpuxsatu Pedepar Komucuje u ma muceprarujy monu
Ha3MBOM: ,,YTHHAj YBoljema BOAOHNKA Yy NPUPOAHHU rac Ha npouec caropeBama* (The effect
of blending hydrogen into natural gas on combustion), kannunara Myctape Makx3zoyma Anu
Maxjoy6a (Mustafa Makhzoum Ali Mahjoub), mact. uHX. Mami, cTaBM Ha yBUJ JaBHOCTHU U Ja
Pedepar ynyru Ha KOHayHO ycBajame Behy HayuHux o0nacTu TEXHHYKMX HayKa YHHBEp3UTETa Y
beorpany.

¥V Bbeorpany, 20.04.2018. rogune

UYnanosu Komucuje

1p Muposeyd Anguh, mpodecop emeputyc, Mamuncku dakynrer, Y HuBep3uteT y beorpany,
MEHTOD

npod. ap HparocnaBa CrojusbkoBuh, Marmmncku gakynTer, Y HUBep3uTeT y beorpany

npod. np Backo ®ore, Mammncku dakynrer, Yausep3uter y beorpany

BaHp. npod. 1p Mapwuja XKuskosuh, Pynapcko reonomku dakynrer, YHuep3uteT y beorpany

JoueHT ap Anekcanaap MunusojeBuh, Mamunacku ¢akynrter, YHuBep3utet y beorpany



YHUBEP3WUTET Y BEOI'PALY

- MALLMHCKW ®AKYNTET —
Bpoj:598/4

Hatym: 26.04.2018. roguHe
Beorpaa, Kparsuue Mapuje 6p. 16

Ha ocHoBy unaHa 30. 3akoHa o Bucokom obpasoBawy (,Crnyxb6eHu rnacHuk PCY, 6poj
76/2005, 100/2007 — ayTeHTMYHO Tymadewe, 97/2008, 93/2012 wn 89/2013), unaHa 63.
CraTtyta MawwuHckor dakynteta (6poj 1876/1 om 04.10.2013. roguHe) u unaHa 37.
MpaBunHWKka O OOKTOPCKMM cTyavjama MawwuHckor dpakynteTta, HactaBHo-Hay4yHO Behe Ha
ceagHuum ogpxaHoj 26.04.2018. roguHe, ooHeno je

oaonykKy

YcBaja ce pedepat Komucuje o ypaheHoj goktopckoj auceptaumjv ,YTULAJ YBOBEHA
BOOOHUKA Y NPUPOOHU TAC HA NPOLIEC CATOPEBAKA (THE EFFECT OF
BLENDING HYDROGEN INTO NATURAL GAS ON COMBUSTION)“ crtygeHTa
MUSTAFA MAKHZOUM ALI MAHJOUB, macT. nHx. matu.

JaBHa oabpaHa goktopcke anceprtauumje obasuhe ce no gobujary carnacHoCTN YHuBep3auTeTa
y Beorpagy.

YHuBepauteT y beorpaay je csojom Ognykom 6poj 61206-5257/2-16, og 31.10.2016. roguHe,
a0 carnacHoCT Ha npeasior Teme JOKTOpPCKe aucepTtauuje.

OG6jaBrbeHn pagoBu CTyaeHTa y Yaconucmuma mehyHapogHor 3Havaja:

1. Mustafa Makhzoum Ali MAHJOUB, Aleksandar M. MILIVOJEVIC, Vuk M. ADZIC,
Marija A. ZIVKOVIC, Vasko G. FOTEV and Miroljub M. ADZIC, NUMERICAL
ANALYSIS OF LEAN PREMIXED COMBUSTOR FUELED BY PROPANE-
HYDROGEN MIXTURE, THERMAL SCIENCE: Year 2017, Vol. 21, No. 6A, pp. 2593-
2602.

Pan je o0jaBibeH y MelyHapoiHOM Haconucy kareropuja M23.

Opnyky poctaBuTu: CTyaeHTy, MeHTopy, KaTeopu 3a TexHomnorvjy marepuvjana wu
apxmen ®dakynreTta.

JOEKAH
MALUNHCKOIT ®AKYJITETA

npod. ap Pagmeoje Mutposuh



