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PELLEH3 U

BbPXY JMCEPTALMOHEH TPY/l 3a MpKu1001MBaHe Ha 0Opa3oBaTe/IHa U Hay4Ha
CTENEH ,,J0KTOp”

ABTOp Ha AUCEPTALMOHHHUS mar. un:k. UBan AaronoB Ilerpos

TPYA:

Tema Ha AMcepTalMOHHUS TPY: Bb3MOKHOCTH 32 NOBHIIABAaHE e()eKTHBHOCTTA
HA ropeHe Ha HH/KEKTHPAHA 3aBbPTAHA CTPYSl.

Hayuna obnacr: 5. TexunyeckH HAYKH

[Tpodecnonanuo nanpasinenue: 5.4, Eneprernka

JlokTOpcKa nporpama: TeopeTHuHa TONJIOTEXHUKA

Penensent: ‘ npod. a-p unx. Anres Kocragunos Tep3nes

1. AKTyajJHocT Ha pa3paboTBaHHsA B AHCEPTALHOHHHS TPYA MpodjieM B HAYYHO H
HAYYHONPUJIOKHO oTHOLeHHe. CTeneH M HUBA HA aKTYaJHOCTTA Ha npod./ema
H KOHKPeTHHTe 3aJa4H, pa3padoTeHH B IMCePTALUATA.

PazpaGoTBanusAT B  JMCEPTALMOHHMA TPyA MpodjieM €  aKTyaleH B
HAyUYHOIPUJIOKHO M MHIKEHEPHOIPUIIOKHO OTHOLIEHHE, ThHM Karo € Haco4YeH KbM
MOBHIlIABaHe e(EKTUBHOCTTA HA FOPUBHUTE MPOLECH U OrpaHHYaBaHe Ha IeHEPHPAHUTE
BpPEIHH €MHCHM — BBIPOCH C TpaiHa 3HAYMMOCT 3a CbBpPEMEHHATa CHECPreTHKa U
TOIJIOTEXHHUKA.

M3ciieiBaHeTo Ha MHXKEKTUPAHM 3aBbPTSHU CTPYH MMa BaKHO MSCTO IIpH aHATM3a
U TPOEKTHPAHETO Ha BHUXPOBM TOpEJIKM, KaTo BIMSIHUETO HA PEKUMHUTE H
KOHCTPYKTHBHHUTE MapaMeTpH BbPXY CMecoOOpa3yBaHETO, CTAOWIIHOCTTA Ha FOPEHE H
TOMI0OOOMEHAa BCE OLUE HE € HambJIHO M3sgcHeHo. B To3u CMHCBI Temara Ha
JMCEPTALMOHHMS TPYJ NpHUTEKaBa HaydHA AKTYaJHOCT, OCOOEHO IO OTHOLICHHE Ha
razoJiMHaMMKaTa B OrpaHU4YeHO NPOCTPAHCTBO U IPH MU3CJI€IBAHE HA Ha4aJlHHs y4aCThK
Ha ¢akena.

HayuHonpuiiokHata 3Ha4UMOCT Ha TpyJda ce 0OyciaBsi OT M3rpaXkIaHeTO Ha
eKCIIEPUMEHTAIHA HHCTallalMs, [POBEXKIaHETO Ha LENEeHACOUEHU EKCIIEPUMEHTATHN
M3CiIe/IBAHUS M M3TION3BAHETO HA PErpeCcHMOHEH aHalu3 3a 00paboTKa Ha MONYyYEeHHTE
pesyarati. ChueTaBaHETO Ha EKCIEPUMEHTAIHW W YHUCJIEHM M3CJIEABAaHMs, KAKTO H
mocjeBallla BajlMJalMaTa Ha 4YMUCJIEHMTE MOJIENM, IpeJACTaBlsgBaT CHJIHA CTpaHa Ha
pabGoTaTa, Makap ye 06XBaTbT Ha U3CIIEABaHUTE PXKUMHU U NaPAMETPH ou MOr'bJ J1a Obae
JIOITbTHUTETHO Pa3LIMpPEH.

M3cnenBaHeTo Ha BIMSHUETO Ha TOIIMHHMS MOTOK IIpe3 CTEHUTE Ha CMECUTE/IHATa
KaMmepa BbpXy 00pa3yBaHETO Ha BBIVIEPOJAHH OKCH/M € B ChOTBETCTBME C aKTyaJlHUTE
EKOJIOTMYHU W3MCKBAaHWUS M IpuaaBa AOIIBJIIHUTENIHA [PUIIOXKHA CTOMHOCT Ha
pe3yNTaTUTE.

Karo usno npo6ieMbT Moxe Aa ObJe OLEHEH KaTO BHUCOKO aKTyaleH, KaKTO Ha
CHOTBETHOTO HayuyHO HHUBO 3a Npua00uBaHe Ha 0.H.C. ,,JJOKTOP™, TaKka M Ha MpPHIIOKHO-
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HHXXKECHEePHO HHMBO, KaTO LIEJITAa M MMOCTABEHUTE 3aa4iu ca PeJICBAHTHH H 1106pe HaCO4YCHH,
BBITPEKH Bb3MOXKHOCTHTE 34 MMO-HATATbLIHO 3aﬂbn60anaHe Ha U3cjicABaHHUATA.

2. CreneH Ha MO3HABAaHe ChCTOSIHHETO HA NMpodJeMa H TBOPYECKA HHTepnpeTaluHs
Ha JIUTepaTYPHHUS MaTepHaJl

OT mpeAcTaBeHHWTE MATEpPHAJIM Ce YCTAHOBSBA, Y€ M3II0J3BaHaTa M aHalIM3MpaHa
nuTeparypa B JMCepTalMOHHMsI Tpyn obxsawa 175 Gubmuorpad)cku M3TOYHMKA, OT
KouTo 8 ca ye0d-0aszupaHu. 61 OT UMTHpPaHUTE M3TOYHMLM Ca Ha KMPHUIMLA, KOETO
CBUIETENCTBA 3a J0OpO MO3HABaHE M M3MOJ3BaHE Ha perHoHajHaTa WM HallMOHaIHaTa
HayyHa npoaykuus. Crensa jga ce otbenexu, 4ye Hag 30 % OT H3MON3BaHUTE
JUTEepATYpPHU H3TOUHULM ca nmyOnukyBanu cief 2020 r., KOeTo MoKas3Ba LeJI€HaCOYeHO
3aro3HaBaHe Ha JOKTOPaHTa CbhC ChbBPEMEHHOTO ChCTOSHUE HA HAay4yHHUTE HU3CIC/BaHMS,
KaKTO M C aKTyaJlHUTE eKCIepHMEeHTaTHH W YMUCJICHU METOAM 3a aHaju3 Ha 3aBbpPTAHH
CTPYH C MPUTIOKEHKHE B rOpUBHATA TEXHUKA.

CrpykTypara Ha JHCEPTALMOHHUSA TpyJ € JIOTHYECKH [IOC/IeloBaTe/HA U
Ganadcupana. OcHOBHMTE 4acTH Ha paborara ca noOpe OanaHcHpaHH, KaTo MbpBa U
BTOpA IJ1aBa, B KOMTO Ce M3BbpIUBA JUTEPATYPHHIT 0030p M ce peduHupar Lenrta u
3aMauKTe HA M3CIIEABAHETO, CA C OTHOCHTEHO MO-ToJisiM 00eM, KOeTo € 00OCHOBAHO ¢
OrJie]] OCTaBSIHE HA TEopeTHYHATa M METOJ0J0rMYHa paMKa Ha JMCepTallMOHHHS TPYI.
PaGoTara e CTpyKTypUpaHa B CeJieM IJ1aBH, BKJIKOYBALLM YBOJ, aHaIU3 Ha CbBPEMEHHOTO
CBHCTOSIHME Ha M3CjieBaHaTa MpodieMaTuka, YUCIEHH U eKCIIEPUMEHTAIHU U3CIIeIBaHMA,
BKJIIOUMTEIHO MpWJaraHe Ha pEerpecCHOHHHM aHalu3d, KakTo W (GopMyinupaHe Ha
Mpe/UIOKeHHUsT 33 TPAKTUYECKO MPUIOKEHHWE Ha TOJIy4YeHHTe pe3ylTaTd B pealHH
FOPUBHH CUCTEMHU.

M3BbpLICHUAT KPUTHUEH aHAllM3 T0Ka3Ba, Y€ JOKTOPAHTHT € 3all03HaT B JeTal/Iu
che crielu(UKUTE HA W3MOJI3BAaHUTE YCTPOMCTBAa 3a reHepuMpaHe Ha 3aBbPTAHH CTPYH,
KaTo TMOBEJAEHUETO HA CTPYSATA € aHATW3MPaHO [0 OTHOLIEHHE Ha bIbja Ha HAKJIOHA HA
II03HUTE, IBIDKUHATA HAa CMECHUTE/IHHMS TPaKT W TOIUIMHHOTO HaToBapBaHe. JIOKTOPaHTBHT
JIEMOHCTPHPA 3a1bJI0OUEHH MTO3HAHUS 110 M3C/ie/iBaHaTa TeMaTHKa U € GopMyJIHpal siCHO
¥ KOPEKTHO LeiTa M 3aJauuTe Ha JMCEepTALMOHHMS TPy, KOMTO MOCJEN0BATEHO Ca
pelIeHd B X0/1a Ha U3JI0KEHHETO.

3. CborBeTcTBHE HA n36paHaTa MeTOAHKA Ha H3cJeABaHe ¢ MocraBeHaTa UHEa H
3aJa4YH HA JHCEePTALHHOHHHUSA TPYA

I/I36paHaTa METOJMKA Ha M3CJieBaHEe B IUCEPTALMOHHHUSA TPYH € aJeKBaTHa H B
NBJIHO CBOTBETCTBHE C tbopmynupaﬂa'ra LleJ1 ¥ IIOCTaBEHUTE 3a4a4dHi, KaTo C€ OT/IH4YaBa C
IIOCJIe10BaTECIHOCT, KOMILJIEKCHOCT H JIOTHYUCCKA 06B’bp33.HOCT MEXKIY TEOPETHYHHTE
[NOCTAaHOBKH, EKCIIEPHUMEHTAJIHUTE U3CJICABAHUA W YHUCJICHOTO MOJEeIIHpaHe.

Moske Ja ce 3akJIw4M, Y€ M3MoJi3BaHaTa MEeTOJUKa, 6a3npaHa Ha cbyeTaBaHE Ha
TEOPETHYCH aHaJIM3, EKCIICPUMEHTAIHHU HM3CJIeJIBaHKA, perpeCHOHEH aHalli3 H YHCIICHO
MoJelMpaHe, € MOCICOOBaTE/IHO IPHIIONKEHA H HalbJIHO CBOTBETCTBA Ha MLEITa H
3aJa4YnTe Ha JUCEPTALMOHHHUSA TPYI. To3u KOMIIIEKCEH MOAXO0MO ocurypsiBa HaJCKIHOCT
Ha IMOJIyYeHUTEe pe3yJITaTH U Ch3/1aBa yCJIOBHA 3a TAXHOTO MpaKTHYECKO IIPHITOKCHHC.
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4. Kparka aHaJMTHYHA XapaKTepPHMCTHKA Ha €CcTeCTBOTO M OlleHKa Ha
JOCTOBEPHOCTTAa Ha MaTepuajia, BbPXY KOHTO ce rpagsT IPHHOCHTe Ha
AHCEPTALHOHHHUS TPy

[IpencraBeHaTa AOKTOpPCKa AucepTauus € B o0eM oT 153 cTpaHuMuM M BKIIOYBA
BbBEJICHHE, CeJIeM IJIaBM, 3aK/IHYeHHe, B T.4. U3BOAM M MNPHUHOCH Ha JUCEPTALMOHHHS
TPY[, KaKTO U CIMCHK HA M3MOJI3BaHaTa JuTeparypa.

BbBeneHreTo  KOpeKTHO 00OCHOBaBa  aKTyajJHOCTTa Ha  pasriexJaHaTa
npobiemMaTHKa B KOHTEKCTa Ha  NIODaJHUTE  €HEepruiHM W CKOJIOTHYHH
NpeJN3BUKATENCTBA M HEOOXOAMMOCTTa OT [OBHIIABaHe Ha e(EeKTUBHOCTTA Ha
ropuBHuTe cucreMu. [lpefcraBeH e MIMPOK HayuyeH M NPUIOKEH KOHTEKCT, KaTo
aKLIEHTHT BbPXY POJIATA HA ra3oJMHaMMKaTa 1 XMMHYHATa KUHETHKA IPU T€HEPUPAHETO
Ha BpEIHHUTE eMHCHH € yMecTeH. M3ioxkeHueTo obade e 1Mo-ckopo oboduaBanio U Ha
MecTa OIMMcaTeNIHO, KaTo OM MOrJo Ja Obje Mo-CHIHO (OKYCHPAHO BBPXY KOHKPETHHS
HayueH MpobjeM, CBbpP3aH CbC 3aBBPTSAHHTE CTPYM M TO C (OKYyC MNpPUIIOKEHHE B
rOpMBHMTE YCTPOMCTBA. B  3aKkmiouyMTeNHATa 4acT sCHO € OouepTaH OOXBaTbT Ha
QUCEPTALIMOHHUS TPYI U M3IOI3BAHUSAT KOMIUIEKCEH MTOAXOM, KOETO OCUTYpsiBa JIOTMUeH
Mpexo]l KbM (OPMYJIMPAHETO Ha LIeITa U 3aJaunTe Ha U3CIIeIBaHETO.

B nbpBa 1 BTOpa II1aBa e u3rpajieHa Heobxoaumara TEOpPeTUYHA, METOI0JIOTHYHA
M U3CleNoBaTelCcKa OCHOBA Ha JMCepTalMOHHMs TpyA. Hampasen e 0030p Ha
EKOJOrMYHUTE M MKOHOMMYECKMTE acCleKTH Ha TIa30ropelbyHUTe YCTPOWCTBA, Ha
MPOLECUTE Ha TOPEHEe W HAa OCHOBHHUTE KOHCTPYKTMBHHU pELICHMS NMPU WHKCKUMOHHUTE
FOpENiKH, KaTO W3II0KEHHETO HMa MpeaMMHO O0030peH XapakTep. AHAIU3bT Ha
NpeluIlHUTe pa3padOTKKM Ha U3CJIe0BaTeICKMs KOJIEKTMB M Ha BIHSHUETO HA
KOHCTPYKTHBHUTE W PEKUMHHUTE MapamMeTpd BbpXY €(PEeKTHBHOCTTa Ha TOpeHe
aprymeHTuHpa u30opa Ha wu3cieiBaHarta KoHQUrypauus ¥ TapameTpd. [lgete riaBu
JIOTMYECKH  000CHOBaBaT  (OPMYJMPAHETO HA  K3CJICAOBATENICKUSA NpoOIeM U
HEOOXOJMMOCTTa OT I10-3aABbJI00OYEHH EKCIICpMMEHTAIHH M YMCJIEHH H3CJeBaHMs,
peanu3upaHu B clie/IBallIUTE YaCTH HA JUCEPTALIUOHHUSA TPY L.

B rnaBa Tpera ca nipejacTaBeHd cuUCTeMara YpaBHEHMss B MeEXaHMKaTa Ha
GIyHanTe U M3MOJI3BAHUTE MOJEIW Ha TYpOYJEHTHOCT, HEOOXOAMMH 3a 3aTBapsHe Ha
CHCTeMaTa ypaBHEHHE TMPH OMHUCBaHe Ha MpOLEeCcHTe NMPHU TypPOYJEHTHH 3aBbPTEHU CTPYH.
M3noxeHueTo ocurypsiBa TeOpeTHYHAaTa OCHOBAa 3a  [OCJIEIBAILIMTEe YUCIIEHH
W3CiieIBaHKs, KaTo W300pbT ¥ 000CHOBKATA HA MPUIIOKEHUTE TypOYJIEHTHH MOZEIH ca
choOpa3eHH cbhC creuudukata Ha pa3riexaaHuTe CTPYWHHM Te4YeHUs W C LEJIMTE Ha
JUcepTauMoHHUs Tpyd. [locoueHu ca orpaHuuyeHusTa Ha MPEACTaBEHHM MOIEIH Ha
TYpOYJEHTHOCT, IPeABUJ] clielU(DUKUTE HA U3CIIEBAHUTE CTPYH.

B rinaBa yerBbpTa € peannsupal (HakTopeH eKCHEPUMEHT U PErpeCHOHEH aHalu3
32 OLEHKAa BIIMSHMETO HA OCHOBHM KOHCTPYKTUBHHU M PEKHMHM MapaMeTpH BbPXY
e()eKTHBHOCTTA Ha Trope/ika ¢ WH)KeKTHpaHa 3aBbpTAHA CTPYs, KaTo IpHIOKEHATa
METO/MKa € KOPeKTHa M chboOpa3eHa ¢ MocTaBeHuTe Leid. M300pbT Ha MbJieH (aKTopeH
eKCIIepUMEHT OT TuI 2 ¢ AyOGiauMpaHe Ha ONUTUTE MO3BOJSIBA €IHOBPEMEHHOTO
W3ClIeIBaHE Ha OCHOBHHMTE €(peKTH W 4acT OT (DaKTOPHUTE B3aUMOJCHCTBHA, KOETO
MpecTaBisiBa ChUIECTBEH MPUHOC C OrJle]] OrpaHHYaBaHe Ha eKCIIepUMEeHTATHHA pecypc.
[TonyueHUTe perpecHOHHM MOJAEIM JaBaT KOJIMYECTBEHA OLEHKA 3a OTHOCHTEIHATa

)
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3HAYMMOCT Ha MapaMeTpUTe, Karo € MOoKa3aHO NOMHMHMPALIOTO BIHMSHHE HA bIbila HA
HAKJIOH Ha ra30BMTE 03U BbPXY KOeQHUIIMEHTA Ha I10JIe3HO JEeHCTBHE H I'€OMETpUsATa Ha
dakena. B cpioTo Bpeme, W3M0I3BaHETO HAa ABYCTENEHEH IJIaH OTpaHuy4aBa aHajlnsa 10
7oKajHa 00JIaCT M He MO3BOJsBA 110-3abI00UEHO pa3riekaaHe Ha HelHHeHHH e]eKTH,
KOETO Tpe/CTaB/isgBa M3BECTHO OrpaHMYeHHE Ha TIojaxoja. Bompeku ToBa, IylaBaTta
OCUTypsiBa HaJeKHa eKCIIepUMEHTA/IHA OCHOBA 3a U300p Ha palMOHAJIHU NapaMeTpu Ha
TOPUBHOTO YCTPOWCTBO U TpEeJCTaBisiBa BaKeH MEXKIMHEH pe3yiTar, [oAnoMarail
NoCJIe/IBAlUTE EKCIIEPUMEHTAIHA U YUCJIEHH M3CJICABAHNS B JUCEPTAMOHHHUS TPY .

['naBu 5 ¥ 6 Ha qUCEPTALIMOHHUS TPYH NPEACTaBAT I10C/IEN0BaTe/IeH MOAX0 KbM
M3CIE/BAHETO HAa  3aBBPTEHM  CTPYd, KOMOWHHMpail [00pe  CTpYyKTypHpaHd
eKCIIepMMEHTAIHY M3CleaBaHusl U uyucieHo Mmozenupane upes CFD. B rmasa 5 ce
JEMOHCTpUpa MPELM3HO M3MepBaHe Ha akcuajgHaTa M TaHreHIMallHaTa KOMIIOHEHTa Ha
ckopoctTta ¢ TpbhOa Ha [lpaHaTn M TpuKaHalIHa COHJA, KAaTO METOAMKATa BKIKOYBA
BHHMATEJIEH KOHTPOJI Ha BIVIUTE HA HAKJIOH Ha [IKO3MTE U Pa3IMiHUTE NUaMETPH, KOETO
OCUrypsiBa HaJleXIHW JaHHMU 3a CTENEeHTA Ha BbPTEHE M CTPYKTypara Ha TEYCHHETO.
[naBa 6 JOMBJABA TO3M MOAXOA upe3 uucieHo MozmenupaHe B Ansys CFX, koero
TMI03BOJISIBA BU3YyaIM3allisl HA TOKOBUTE JIMHUH, NPEACKa3BaHe Ha LIMPKYIaLMOHHUTE 30HH
M BalTHIMpaHE HA pe3yNTaTHTE COPAMO eKClepHMEHTanHuTe jaHHu. ChIOCTaBKaTa
MKy HATypHH M YMCIIEHH pe3yJTaTH 10Ka3pa J00po ChBMAaAeHHE, BBIPEKH M3BECTHH
pA3JIMKK IPU TOJEMHM BIVIH HA HAKIOH, KOETO IOA4YepTaBa BIMAHHETO HA TypOyJIEHTHH
nyJicalli¥ U OTPAaHMYEHHUSATa HA W30TEPMHUUHMTE ycloBHsA. BredaTisBaly ca yCUIUATa
3a [IeTailyIHO ONpejeNsHe Ha MPAHMYHY YCIIOBHS, OPHEHTALMs Ha COHIUTE M 00paboTKa
Ha JaHHUTE, HO JIMIICATa Ha BKJIOYBaHE Ha TOIUIMHHM e(QeKTH W JHHAMHYHH
B3aMMOJEHUCTBUS OrpaHuuaBa MPHIOKHMOCTTA Ha PpE3yJITaTUTEe 3a pEajHh COpPHBHU
cucteMd. Bbhpexu Toa, mHTerpaiusta Ha excriepumenT u CFD npenocrasd HeHHA
OCHOBA 3a ONTHUMH3ALMsS HAa WHXEKLUMOHHM U TOPUBHM YCTPOWCTBA, JAE€MOHCTPHPAHKH
HayyHaTa ¥ IpaKkThdecka CTOMHOCT Ha TpyJa.

['naBa 7 npencraBs KOJIMYECTBEH aHAJIM3 Ha TOPUBHMS TpOLEC 4Ype3 HUCICHO
monenupaHe ¢ Ansys CFX, karo ca OLEHEHH TEeMIEpaTypHUTE pasNpeNc/iCHUA H
macoBute koHueHTpauuu Ha CO u CO!l npu pasindHU CTOMHOCTH Ha KOe(HLHEHTa Ha
TOIIOTIpeiaBaHe || U BbIJIM Ha HakjoH Ha mosute (30°, 45°, 60°) ¢ auamersp d = 0,8
mm. Pe3ynTartuTe Mokas3BaT, 4e BUCOKOTEMIIEPATYPHOTO SiAPO BBB (akena ce Gopmupa
npendMHO B 30Hata 150-300 mm no IbDKMHA Ha CMECHTEIHATa KaMmepa W He
yBeMYaBaHEeTO Ha || HamalsiBa TeMIepatypara B Tasu 3oHa. KoHUeHTpaluATa Ha COoLll
ce yBe/iMuaBa mpu breid B = 45°, koeTo chBHajza ¢ ONTHMAJHA CTETICH Ha BBPTCHE HA
CTpyATa, a MPOMsHATA HAa TOIJIOOTBEXKAAHETO MpPe3 CTCHUTE BIMAE YYBCTBUTEIHO BHPXY
temneparypara u emucuurte. OcpeaHeHHTe CTOMHOCTH OT  €KCICPUMEHTAIHH
W3MEpPBAHUS  MOTBBPXKAABAT  TEHJEHLUMMTE OT YHUCIEHUTE  CHMYJaluH,  KaTo
CPeIHOKBAAPATHYHUTE OTKIOHEHHS OCTABaT B JOMYCTUMHU IPaHUIM. Te3u KOIHYECTBEHH
pe3yJITaTH MO3BOJSIBAT Jia Ce HAMpaBAT NPENOpbhKY 3a ONTUMHU3ALMs Ha reOMETpHATa H
OXJIQ)KJAHETO HA rOpWMBHATA KaMepa C e MbJHOTA Ha TOpeHe W MHHHMH3HPAHE Ha
BpPEeJHH EMHCHH.
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5. Hay4Hu u/mjM HaYYHONPUJIOKHH MPHHOCH HA AHCEPTALHOHHHS TPYA
OmnpeznensM NpUHOCMTE B JOKTOpcKaTa pabdoTa KaTo HAay4HO-TIPUIOKHH H
MH)KEHEPHO-TIPUIoXKHHU. Te MoraT na ce 0000LIAT KaKTO CJe/iBa:

Hay4Ho-npHJIOKHH NIPUHOCH:

» PaspaboTeH e KOMIUIEKCEH TMOJXO/ 3@ U3C/e/1BaHe Ha 3aBbPTAHO CTPYHHO TeYeHHE
B OrpaHMYeHO  LMJIMHAPMYHO  [POCTPAHCTBO  4pe3  KOMOMHMpaHe  Ha
eKCIIepUMEHTAJIHK M3cienBanus W uuciaeHn cumyinauuu (CFD), Gasupanu Ha
npeaBapuTesieH perpecMoHeH aHaiu3. To3W moaxoj Mo3BOJsBA €IHOBPEMEHHO
KOJMYECTBEHO U KaueCTBEHO OLIEHsBaHe HA JMHAMMKATA HA 3aBbPTIHUTE TCUEHNUS,
KOETO € Hay4uHO 3HAaYMMO M MPUJIOKHUMO 3a ONTHMH3ALMs Ha TOPUBHUTE KaMEpH.

» IlpoBenena e Bepu(UKalWsi ¥ BajluJalMs HA YMCIIEHUTE MOJICNU Ype3 HAaTypHU
EKCIIEpUMEHTAIHU JaHHH, KOETO [0Ka3Ba HAJEXKJHOCTTA Ha U3IOJI3BAHUTE
POrpaMHH MPOAYKTH 38 KOHKPETHHS Cilyyail Ha 3aBbPTAHO CTPYHHO TE€UEHHE.

» WscnensaHo € BIMAHHETO Ha TMpeHoca Ha TOIJIMHA IIpe3  OrpakJalluTe
MOBBPXHOCTH BBPXY e(EeKTUBHOCTTA Ha TOpPMBHMA TIpolec M TOIIO- U
MacooOMeHa, KaTo ca MoJy4eHH HOBM KOJIMYECTBEHM JaHHM 3a (pOpMHpaHe Ha
BUCOKOTEMIIEPATYPHOTO s1JIpO BbB (pakera.

> AHaNIM3UPaHO € Bb3/eiCTBUETO HA 3aBbPTSHOTO TEUeHHEe BbPXY 00pa3yBaHeTo Ha
pbriepoasu okeuay (CO u COL), KoeTo [ONpHHACS 33 HAYYHOTO pasOUpaHe Ha
3aBUCUMOCTHUTE MEXIY TypOyJE€HTHOCT, CTENIEH HA BbPTeHE U EMUCHH.

HHiKeHepHO-NPUJIOMKHH MPHHOCH:

» OnpefeneHu ca ONTHMAITHYU MapaMeTpy Ha [JHO3UTE, BKIIFOYMTETHO BI'bJl Ha HAKJIOH
M JUaMeTbp, C e INOBHIIaBaHe Ha Maco- M TOIJIoOOMeHa B CMECHTeIHaTa
BHUXpOBa Kamepa. Te3u pe3yinTaTH MpeaocTaBAT KOHKPETHH MHXKCHEPHHU PEIICHUS
3a MPOEKTHpaHe W ONTHMH3ALMsI Ha TOPUBHM YCTPOUCTBA.

» Pa3zpaboTeH e CHMYJIALIMOHEH alrOpUTbM 3a yMpaBlieHHWe Ha FOPHUBHHUA IPOLEC,
KOHTO MOXe na ObJe NPUIOKEH MpH IPOEKTHPaHE HIM PEKOHCTPYKUHsA Ha
FOPMBHU CHCTEMH, OCHUrypsiBaliku ©OanaHc MeXay I[bJIHOTa Ha TIOpEHE W
MHUHUMH3MpaHE Ha BPeJHU EMUCHH.

6. OueHka 3a CTENEHTA HA JINYHOTO YYacTHe HA JHCEPTAHTA B NPHHOCHTE

[TosnaBam mar. uHx. Mpau IlerpoB oT 00y4eHHETO My B MarucTbpCKa Mmporpama
., Tomnorexuuka“ B TY — Codus. Toii ce oTnMuaBallie ¢ yCbpAue U akTUBHO y4acTHE IIPU
M3II'BJIHEHNETO HA eKMITHM 3a7aud. KanauaaTbT npurexkana HEOOXOAUMHUS OTEHLHAT 38
YCIIEIHO pa3paboTBaHe Ha JOKTOPCKaTa JAUCEpPTALUA M0l KOMIIETEHTHOTO PBKOBOACTBO
Ha CBOS HayueH pbKoBoauTesl. JlokasaHo e, 4e ca M3MbIHEHH W oOpasoBaTeNHara, H
Hay4HaTa KOMIIOHEHTa 34 pa3paboTBaHe Ha JIOKTOPAHTYpaTa. ¥ ChBbPIICHCTBAHETO MY B
061acTTa Ha 3aBbPTEHUTE CTPYH M YHCIEHOTO MoJeupaHe Lie Oble HeHHo 3a Obelara
My IperojaBaTeiicka 1 n3cieoBaTencKa JeMHOCT.

7. Ilpeuenka Ha nyOJHKALMHUTE 10 AHCEPTAUHOHHHSA TPYA.

JlMcepTaHTBT NpeAcTaBs CIOMChK OT wiecT myOnvkauud. EaHa or TaAX €
CaMOCTOSITEIIHA U € MyOIMKyBaHa B MEK/yHapoaHOTO criucanue Polityka Energetyczna —
Energy Policy Journal, koeto ce knacupuuupa B kBaptun Q3 ¢ uuuekc SJR 0,387.
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OcraHanute neT nyONMKAaLMH ca MpeACTABEHW Ha MNPECTHKHU HayuyHH (Gopymu B
ctpanara. Criopesl MOETO MHEHMe, Te€34 TPYJOBe ca JOCTUTHAJIM JI0 HayuHaTa OOLIHOCT
KaKTO y Hac, Taka U B 4yKOMHa.

8. MznonsBaHe Ha pe3yjTaTuTe OT [JHCEPTALHOHHHMSA TpPyA B Hay4YHaTa H
COLHAJIHATA NPAKTHKA

Pesynrarute oT aucepTauMoHHMs Tpya Ha Mar. MHXK. MBan IleTpoB umatr sCHO
¥3pa3eH HAyuyHO-TIPUJIOKEH M HMH)KEHEPHO-TIPUIOKEH XapakTep. Te mnpenocTaBsT
BallMIMpPaHd YKUCJIEHW M EKCIIEPUMMEHTAHH NaHHU 3a 3aBbPTEHH CTPYHHU TedeHHs,
TEMIIEPATypHHU TOJieTa U €MHCHUH, KOMTO MOraT Jia Ce€ M3IO0J3BaT IIPU NPOCKTHPaHe U
ONTHMH3ALIUs] Ha TOPUBHU W CMECUTEIIHM KaMepH, KaKTO W 3a pelylupaHe Ha BPEAHHUTC
eMucuu. ITonyyeHuTe METOJMKM MU MOJIEIM MMAaT IOTEHLMAN 33 NPUIOKEHHE KaKTO B
MHIYyCTpHadHaTa NpakThKa, Taka U B aKaJeMHYHOTO 00yUYeHHe, KaTO OCHIypsBaT OCHOBA
34 MO-HATATBIIHM M3CIEABAHMS M MHOBALMK B 00JacTTa Ha AHHAMMKATa Ha QIynauTe U
TOPUBHUTE IIPOLIECH.

9. OueHka HAa CHOTBETCTBHETO Ha aBTOpedepara ¢ H3MCKBAHUSATA 32 H3TOTBAHETO
My

[lpesicTaBeHusiT aBTOpedepaT € M3rOTBEH B CHOTBETCTBME C M3MCKBaHMsiTa Ha

nelicTBaliata 3aKoHa M HopMmaTuBHa Yypeada. CbabpXKaHHETO MY CBHOTBETCTBA HA

JIUCEPTAllMOHHMS TPYI W TOYHO OTpas3sBa OCHOBHUTE pe3ynTaTd OT IIPOBEJCHUTE

uscnensanus. Pestomero e ¢ 06em 33 cTpaHuLy, BKIL. rpapuyeH MaTepHal.

10. MHueHusl, npenopbLKH, OeJ1eKKH.

JlucepTalMOHHUAT TPy Ha Mmar. uHXK. VMBaH IlerpoB e M3Mb/IHEH Ha BUCOKO HAy4dHO U
HHKEHEPHO HHBO. M3MON3BaHUTE eKCIIepUMEHTAIHH W YUCTIEHH METOAHM Ca MOAXOISIIO
ChbUETAHM, a pe3yNTaTUTe ca sCHO TpeJACTaBeHH upe3 rpaduxu, TabmUUU |
BU3yaNM3allMy, KOETO OCMIypsiBa TSXHATa JOCTOBEPHOCT M IPHJIOKHMMOCT. ABTOPBT
JEMOHCTpHpa 3adb/IOOYEHO TO3HABaHE Ha [JMHaMMKaTa Ha 3aBbPTEHUTE CTPYH,
TOIJIONPEAaBAHETO W BIUSHUETO UM BbPXY FOPMBHUTE MPOLIECH U eMUCHUTE.

[IpenopbuuTeHO € 32 ObACIM H3C/AeABaHHU A ce pasriea:

»> BausHuero Ha pasidyHU BUJOBE IOpUMBa M CMECH BbpXy JAMHAMHKara Ha
3aBbPTEHHUTE CTPYH U 00pa3yBaHETO HA EMHUCHH;

» PasmupsiBaHe Ha YUCIEHUTE MOJENM C OTYMTaHe Ha HeCTalMOHapHH U
nyJcalMOHHHU e()eKTH B rOpUBHATa Kamepa,

» IlpoBex/aHe Ha JOMBIHUTENHY BepU(PUKALKMOHHM €KCIIEPUMEHTH MpH pasiniHH
reOMETpMM M TpaHUYHM YCJIOBMS 3a [IOBUILABaHE HA YHMBEPCAJHOCTTAa Ha
MPEeJI0KEHUTE METOIUKH.

3a0e/1e;KKH OTHOCHO 0(pOpMJIEHHETO H NMpeJCTaBsIHETO HA pe3yJTaTHTe:
> JluTepaTypHUTE M3TOUHMLM Ca FPyMUpaHd 1o a30yyeH pel Ha aBTOPUTE, @ HE
[I0CJIEIOBATEJIHO B TEKCTA, KOSTO 3aTPyAHABA MPOCIIEASIBAHETO UM,
» Jluncsar JAMMEHCHMHMTE Ha [POMEHJMBUTE B CIIMCbKAa Ha H3MOJ3BAHHIC
MPOMEHJIMBH, BBIIPEKU Y€ B TEKCTa Ce CIIOMEHaBaT;
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» Hsxou dburypu HIMAT MOCOYEHH UMEHA U JIETeH]IH;

» B rnaBa 2 ce npaBu aHaju3 Ha BHUIOBETE TOpPEJKM, HO OM OWJIO IOJIE3HO Ja ce
npencTaBu 00o0LIeHHe B TaOIUYEH BU/;

» Cpemar ce TepMHHOJIOTHYHM HETOYHOCTH, Hamp. ,,TOILIONPOBOLOCT BMECTO
., KOe(UIIMEHT Ha TOMJONPOBOAHOCT™; IMOCOYEH € ,,KOe(HLMEHT Ha WHIKEKLHS,
KOETO Hail-BEpOATHO € MPaBOIKUCHA IPELLKa;

» Qurypu oT 4.4 no 4.11 ca OGerno KOMEHTUpaHH H PE3YATATHTE OT TAX HE ca
MoiPpOOHO aHAIM3UPAHH;

» B rnaBsa 6 He e MOCOYEHO JaliMi € JOCTUrHaTa HE3aBUCUMOCT Ha YMUCJIIEHOTO
pellleHre OT I'bCTOTATA HAa M3YMCIMTENHATA MpeXa; He € ODACHEHO Kak e
pEaANU3UpaHo OMPEKABAHETO Ha Mofeina ¢ Ooriael crneuu(UUHUTE 30HK Ha
pa3npoCTpaHeHUe Ha 3aBbPTSAHATA CTPYS.

B’preKH rOpECIioCOYCHHUTE 3216€J'[€}KKI/I, HAcCTOSLIUAT TPYH INpenocTtaBs COJHAHA OCHOBA
3a HayyHa W HMHXXCHEpHaA IIpaKTHKa, KakKTO MW 3a IOocJIeABalllad aKageMudHa H
M3cjieoBaTeCKa JSMHOCT.

JAKJTIOUEHHUE

JlicepTallMOHHUAT Tpyd Ha mar. uHxk. VMean IleTtpoB mpencrapisiBa 3Ha4MM HaydHO-
MPUJIOKEH MPUHOC 4pe3 KOMOWHHMpaHe Ha €KCIEPMMEHTAJHW W YMCJISHU METOIH 3a
W3CIeBaHe Ha 3aBbPTEHHM CTPYHHU Te4yeHUs, TOIIONPEHOCHW MPOLECH WU EMHCHH.
BbIpekd HAKOM 3a0elexkd 10 odopMmieHME M TEPMHUHOJOTMS, TPYABT € J00pe
CTPYKTYPHUpaH M OCUIypsiBa OCHOBa 3a Objiellia HayIHa 1 M3cieoBaTencka aeinoct. Toi
OTroBaps Ha 3aKoHa 3a pa3BMTHE Ha aKaJeMUYHHA CbCTAB, NPABUIIHUKA 3a NPUIIOKEHHE
u ITYJITYC, koeTo Me BOJIM 0 TMOJIOXKHUTENIHA OLICHKA W MPeIOKEHHE 3a NMPUCHKIAHE
Ha OHC “Jloktop” Ha mar. unxk. UBan AurtonoB Ilerpos B obnact S. Texnuuecku
HayKH, mpodecuoHanHo Hanpasiende S.4. Enepreruxa, JlokTopcka mporpama:
Teopernuna TonnorexHuka.

16.12:2025 PEIBHBEHTS 1vnenensrmnensonsnnsassis Sbsiiabsiasssessmes
Codus /npo¢. a-p urx. Auren Tep3ues/
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efficiency of an injected swirling jet.

Scientific field: 5. Engineering sciences

Professional filed: 5.4. Energetics

Doctoral program: Theoretical heating technology

Reviewer: Prof. Angel Kostadinov Terziev, Ph. D

1. Relevance of the problem developed in the dissertation work in scientific and
applied science terms. Degree and levels of relevance of the problem and specific
tasks developed in the dissertation

The problem developed in the dissertation is relevant in applied science and
engineering, as it is aimed at increasing the efficiency of combustion processes and
limiting the generated harmful emissions - issues of lasting importance for modern
energy and heat engineering.

The study of injected swirling jets has an important place in the analysis and
design of vortex burners, as the influence of regime and design parameters on mixture
formation, combustion stability and heat transfer has not yet been fully clarified. In this
sense, the topic of the dissertation is of scientific relevance, especially with regard to gas
dynamics in a confined space and in the study of the initial section of the torch.

The applied science significance of the work is determined by the construction of
an experimental installation, the conduct of targeted experimental studies and the use of
regression analysis to process the results obtained. The combination of experimental and
numerical studies, as well as the subsequent validation of the numerical models, represent
a strong point of the work, although the scope of the studied regimes and parameters
could be further expanded.

The study of the influence of the heat flow through the walls of the mixing
chamber on the formation of carbon oxides is in accordance with current environmental
requirements and gives additional applied value to the results.

Overall, the problem can be assessed as highly relevant, both at the relevant
scientific level for obtaining a PhD, and at the applied engineering level, as the goal and
the tasks set are relevant and well-targeted, despite the possibilities for further deepening
the research.

2. Degree of knowledge of the state of the problem and creative interpretation of
the literary material

From the presented materials, it is established that the literature used and analyzed in the

dissertation work covers 175 bibliographical sources, of which 8 are web-based. 61 of the
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cited sources are in Cyrillic, which indicates good knowledge and use of regional and
national scientific production. It should be noted that over 30% of the literary sources
used were published after 2020, which indicates a targeted familiarization of the doctoral
student with the current state of scientific research, as well as with the current
experimental and numerical methods for the analysis of swirling jets with application in
tfuel technology.

The structure of the dissertation work is logically consistent and balanced. The main parts
of the work are well balanced, with the first and second chapters, in which the literature
review is carried out and the goal and objectives of the study are defined, being of
relatively larger volume, which is justified in view of setting the theoretical and
methodological framework of the dissertation work. The work is structured in seven
chapters, including an introduction, an analysis of the current state of the research
problem, numerical and experimental studies, including the application of regression
analyses, as well as the formulation of proposals for the practical application of the
obtained results in real fuel systems.

The critical analysis performed shows that the doctoral student is familiar in detail with
the specifics of the devices used for generating rotated jets, as the behavior of the jet is
analyzed in terms of the angle of inclination of the nozzles, the length of the mixing tract
and the thermal load. The doctoral student demonstrates in-depth knowledge of the
research topic and has clearly and correctly formulated the goal and tasks of the
dissertation work, which are consistently solved in the course of the presentation.

3. Compliance of the chosen research methodology with the set goal and objectives
of the dissertation work

The selected research methodology in the dissertation is adequate and in full
accordance with the formulated goal and the tasks set, and is distinguished by
consistency, complexity and logical connection between theoretical statements,
experimental studies and numerical modeling.

It can be concluded that the methodology used, based on a combination of
theoretical analysis, experimental studies, regression analysis and numerical modeling, is
consistently applied and fully corresponds to the goal and tasks of the dissertation. This
complex approach ensures the reliability of the results obtained and creates conditions for
their practical application.

4. A brief analytical description of the nature and assessment of the credibility of
the material on which the contributions of the dissertation are built

The presented doctoral dissertation is 153 pages long and includes an introduction,
seven chapters, a conclusion, including outputs and contributions of the dissertation
work, as well as a list of used literature.

The introduction correctly justifies the relevance of the issue under consideration
in the context of global energy and environmental challenges and the need to increase the
efficiency of fuel systems. A broad scientific and applied context is presented, with the
emphasis on the role of gas dynamics and chemical kinetics in the generation of harmful
emissions being appropriate. However, the presentation is rather generalizing and in
places descriptive, and could be more strongly focused on the specific scientific problem
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related to the rotating jets, with a focus on application in fuel devices. In the final part,
the scope of the dissertation work and the complex approach used are clearly outlined,
which provides a logical transition to the formulation of the goal and objectives of the
study.

The first and second chapters provide the necessary theoretical, methodological
and research basis for the dissertation. An overview of the environmental and economic
aspects of gas combustion devices, combustion processes and the main design solutions
for injection burners is provided, with the presentation being primarily of an overview
nature. The analysis of the previous developments of the research team and the influence
of design and operating parameters on combustion efficiency justifies the choice of the
studied configuration and parameters. The two chapters logically justify the formulation
of the research problem and the need for more in-depth experimental and numerical
studies, implemented in the following parts of the dissertation.

In the third chapter, the system of equations in fluid mechanics and the turbulence
models used are presented, necessary for closing the equation system when describing
the processes in turbulent swirling jets. The presentation provides the theoretical basis for
subsequent numerical studies, as the selection and justification of the applied turbulent
models are consistent with the specifics of the considered jet flows and with the goals of
the dissertation. The limitations of the presented turbulence models are indicated, given
the specifics of the studied jets.

In chapter four, a factorial experiment and regression analysis are implemented to assess
the influence of basic design and regime parameters on the efficiency of a burner with an
injected rotating jet, as the applied methodology is correct and consistent with the set
goals. The choice of a full factorial experiment of type 24 with duplication of trials
allows for the simultaneous study of the main effects and part of the factor interactions,
which is a significant contribution in terms of limiting the experimental resource. The
obtained regression models provide a quantitative assessment of the relative importance
of the parameters, showing the dominant influence of the angle of inclination of the gas
nozzles on the efficiency and the geometry of the torch. At the same time, the use of a
two-stage design limits the analysis to a local area and does not allow for a more in-depth
consideration of nonlinear effects, which is a certain limitation of the approach.
However, the chapter provides a reliable experimental basis for the selection of rational
parameters of the combustion device and is an important intermediate result supporting
subsequent experimental and numerical studies in the dissertation work.

Chapters 5 and 6 of the dissertation work present a consistent approach to the study of
swirling jets, combining well-structured experimental studies and numerical modeling
using CFD. Chapter 5 demonstrates precise measurement of the axial and tangential
velocity components with a Prandtl tube and a three-channel probe, the methodology
including careful control of the nozzle inclination angles and different diameters, which
provides reliable data on the degree of rotation and the flow structure. Chapter 6
complements this approach by numerical modeling in Ansys CFX, which allows
visualization of the streamlines, prediction of the circulation zones and validation of the
results against experimental data. The comparison between the full-scale and numerical
results shows a good agreement, despite some differences at large inclination angles,
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which emphasizes the influence of turbulent pulsations and the limitations of isothermal
conditions. The efforts to define the boundary conditions, probe orientation and data
processing in detail are impressive, but the lack of inclusion of thermal effects and
dynamic interactions limits the applicability of the results to real fuel systems. However,
the integration of experiment and CFD provides a valuable basis for optimization of
injection and combustion devices, demonstrating the scientific and practical value of the
work.

Chapter 7 presents a quantitative analysis of the combustion process by numerical
modeling with Ansys CFX, estimating the temperature distributions and mass
concentrations of CO and CO[ at different values of the heat transfer coefficient [ and
nozzle inclination angles (30°, 45°, 60°) with a diameter d = 0.8 mm. The results show
that the high-temperature core in the flare is formed mainly in the zone 150-300 mm
along the length of the mixing chamber and that increasing [ decreases the temperature
in this zone. The CO| concentration increases at an angle § = 45°, which coincides with
the optimal degree of jet rotation, and the change in heat removal through the walls
significantly affects the temperature and emissions. The averaged values from
experimental measurements confirm the trends from the numerical simulations, with the
root-mean-square deviations remaining within acceptable limits. These quantitative
results allow recommendations to be made for optimization of the geometry and cooling
of the combustion chamber in order to achieve complete combustion and minimize
harmful emissions.

5. Scientific and/or applied scientific contributions of the dissertation work
[ define the contributions in the doctoral thesis as scientific-applied and
engineering-applied. They can be summarized as follows:

Scientific-applied contributions:

> A complex approach has been developed to study a swirling jet flow in a confined
cylindrical space by combining experimental studies and numerical simulations
(CFD) based on a preliminary regression analysis. This approach allows for
simultaneous quantitative and qualitative assessment of the dynamics of swirling
flows, which is scientifically significant and applicable for optimization of
combustion chambers.

» Verification and validation of the numerical models have been carried out using
full-scale experimental data, which proves the reliability of the used software
products for the specific case of a swirling jet flow.

» The influence of heat transfer through the enclosing surfaces on the efficiency of
the combustion process and heat and mass transfer has been studied, and new
quantitative data on the formation of the high-temperature core in the flare have
been obtained.

» The impact of the swirling flow on the formation of carbon oxides (CO and CO )
has been analyzed, which contributes to the scientific understanding of the
relationships between turbulence, degree of rotation and emissions.

Engineering and applied contributions
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> Optimal nozzle parameters, including inclination angle and diameter, have been
determined to increase mass and heat transfer in the mixing vortex chamber. These
results provide specific engineering solutions for the design and optimization of
combustion devices.

> A simulation algorithm for controlling the combustion process has been developed,
which can be applied in the design or reconstruction of combustion systems,
ensuring a balance between complete combustion and minimizing harmful
emissions.

6. Assessment of the degree of the dissertation candidate's personal participation
in the contributions

I know M.Eng. Ivan Petrov from his studies in the Master's program "Heat
Engineering”" at TU - Sofia. He was distinguished by his diligence and active
participation in the implementation of team tasks. The candidate has the necessary
potential for successful development of the doctoral dissertation under the competent
guidance of his scientific supervisor. It has been proven that both the educational and
scientific components for the development of the doctoral program have been fulfilled.
His improvement in the field of swirling jets and numerical modeling will be valuable for
his future teaching and research activities.

7. Assessment of dissertation publications.

The dissertation presents a list of six publications. One of them is independent and
was published in the international journal Polityka Energetyczna — Energy Policy
Journal, which is classified in the Q3 quartile with an SJR index of 0.387. The remaining
five publications were presented at prestigious scientific forums in the country. In my
opinion, these works have reached the scientific community both in our country and
abroad.

8. Using the results of the dissertation in scientific and social practice

The results of the dissertation work of M. Eng. Ivan Petrov have a clearly expressed
scientific-applied and engineering-applied nature. They provide validated numerical and
experimental data on swirling jet flows, temperature fields and emissions, which can be
used in the design and optimization of combustion and mixing chambers, as well as for
the reduction of harmful emissions. The resulting methodologies and models have the
potential for application both in industrial practice and in academic education, providing
a basis for further research and innovations in the field of fluid dynamics and combustion
processes.

9. Assessment of the compliance of the abstract with the requirements for its
preparation

The presented abstract has been prepared in accordance with the requirements of the

current law and regulations. Its content corresponds to the dissertation work and

accurately reflects the main results of the research conducted. The abstract is 33 pages

long, including graphic material.
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10. Opinions, recommendations, notes.

The dissertation work of M.Eng. Ivan Petrov is performed at a high scientific and
engineering level. The experimental and numerical methods used are appropriately
combined, and the results are clearly presented through graphs, tables and visualizations,
which ensures their reliability and applicability. The author demonstrates in-depth
knowledge of the dynamics of swirling jets, heat transfer and their influence on
combustion processes and emissions.

It is recommended for future research to consider:
> The influence of different types of fuels and mixtures on the dynamics of the
swirling jets and the formation of emissions;
» Expansion of the numerical models by taking into account non-stationary and
pulsation effects in the combustion chamber;
» Conducting additional verification experiments at different geometries and
boundary conditions to increase the universality of the proposed methodologies.

Notes, comments and suggestions on the layout and presentation of results

> The literature sources are grouped alphabetically by authors, and not sequentially
in the text, which makes it difficult to follow them;

> The dimensions of the variables are missing in the list of variables used, although
they are mentioned in the text;

» Some figures do not have names and legends;

> In chapter 2, an analysis of the types of burners is made, but it would be useful to
present a summary in tabular form;

> Terminological inaccuracies are encountered, e.g. "thermal conductivity" instead
of "thermal conductivity coefficient"; "injection coefficient" is indicated, which is
most likely a spelling error;

> Figures 4.4 to 4.11 are briefly commented on and their results are not analyzed in
detail;

» In chapter 6, it is not stated whether the independence of the numerical solution
from the density of the computational grid has been achieved; It is not explained
how the meshing of the model was implemented with regard to the specific zones
of propagation of the swirling jet.

Despite the above remarks, the present work provides a solid foundation for scientific
and engineering practice, as well as for subsequent academic and research work.

CONCLUSION

JlucepTalMOHHUST TpyA Ha mar. uHx. Mean IlerpoB npezacraBisiBa 3HAYMM Hay4HO-
MPUIIOYKEH MPUHOC uYpe3 KOMOWHMpaHe Ha E€KCIEPHMMEHTAJIHU M YMCJIEHH METOAH 33
u3cje/lBaHe Ha 3aBbPTEHM CTPYWHM TEUEHHUs, TOIUIONPEHOCHH IIpOLECH W EMHCHH.
Bbhpekd HsIKOM 3a0elekkd Mo o(opMIeHHE M TEPMUHONOTUA, TPYyAbT € nobpe
CTPYKTYPHpaH M OCHIypsiBa OCHOBa 3a ObJiella Hay Ha U H3CJIel0BaTelICKa JCHHOCT. Toi
OTroBapsi Ha 3aKoHa 3a pa3BUTHE Ha aKaJeMUYHHUs CbCTaB, MIPaBHIHMKA 3a MPUIIOKEHHE
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u [IYATYC, xoeto Me BoaM 10 MOJOKHTENHA OLEHKA U MPENIOKEHHE 3a MPUChKIaHe
Ha OHC “okTtop” Ha mar. uux. UBan AutonoB IlerpoB B oOnact 5. TexHuyecku
HaykH, npodecrHonanHo HamnpasieHue S5.4. Enepreruka, JloxkTtopcka mporpama:
Teopernuna TonsorexHuka.

The dissertation work of M.Eng. Ivan Petrov represents a significant scientific and
applied contribution by combining experimental and numerical methods for the study of
swirling jet flows, heat transfer processes and emissions. Despite some remarks on layout
and terminology, the work is well structured and provides a basis for future scientific and
research activity. It complies with the Act on the Development of Academic Staff, the
Regulations for Application and the TU — Sofia normative acts, which leads me to a
positive assessment and a proposal for Obtaining the “Doctor” degree to M.Eng. Ivan
Antonov Petrov in area 5. Technical Sciences, professional field 5.4. Energy, Doctoral
Program: Theoretical Heat Engineering.

16.12.2025 REVABIVELL oo o505 SRR S
Sofia /Prof. Angel Terziev, Ph.
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