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BBbPXY ANCEPTALMOHEH TpyA

3a npugobusaHe Ha obpasoBarenHa u HayyHa cteneH Jloktop”.

MNpodecnonanHo HanpaeneHue 5.4 EHepreTuka.

Hay4Ha cneumanHocT TeopeTuyHa TONNOTEXHMKA.

ABTOp Ha OMCEPTaUMOHHWA TpyA: Mar. uHX. MBaH AHTOHOB [eTpoB

Tema Ha aucepTauuoHHus TpyA: Bb3mMoXHOCTM 3a noBUlaBaHe e)eKTUBHOCTTA Ha
rOpPeHe Ha MHXEeKTUpaHa 3aBbPTAHA CTPYS

UneH Ha Hay4HOTO Xypu: npod. a-p M'eHvo CToikos [1onos, PyceHcku yHUBEPCUTET

1. AKTyanHocT Ha pa3paboTBaH1sA B AUCEPTaLMOHHUSA Tpya npobnem.

[MCepTauMOHHUAT TPYA € CBbp3aH C M3CNeaBaHus (YMCTEHW W eKCMepUMEHTaNHN) OTHOCHO
Bb3MOXHOCTTA 3a ONpeensHe BNUAHUETO Ha HAKOW OCHOBHM PEXVMHIA U KOHCTPYKTUBHI NapameTpy
BbpXy €(eKTUBHOCTTa Ha ropeHe Ha WHKEKTUpaHa 3aBbpTsiHA CTPYs, KOETO e MpefrnocTaska 3a
eeKTUBHO Bb3ENCTBUE BbPXY TOPUBHUSA MPOLEC C LieN HETOBOTO WHTEeH3nduumpaHe. PokycwT e
HacoyeH KbM pellaBaHe Ha BbMpoca 3a MoBWLIABAHE €eHepriitHata edeKTMBHOCT Ha rOpUBHU
YCTPOACTBA W CUCTEMM 4pe3 OCUrypsiBaHe Ha NO-BUCOKA MPOW3BOAMTENHOCT U TOMIMHHA
edeKTUBHOCT. 3acara ce 1 BbNPOCHT 3a NO-CTPUKTEH KOHTPOM Ha U3XOAALLMTE ra3ose, Ypes KouTo ce
rydu oTnagHa TONMMHA W B KOWTO Ce CbAbpXaT BPeAHW 3a aTMoceparta BbINepofaHn W a30THU
OKICK, MOMYYEHI MPU HEMbIHOTO M3rapsHe Ha ropuBOTO B ropvBHaTa kamepa. Beuuko ToBa npasu
W3cneABaHnTe B AMcCepTauMATa BbNPOCM OCOGEHO aKTyanHu KakTo OT MHXEHepHa, Taka u oT
eKoNoruyHa rnefHa Touka.

2. CteneH Ha no3HaBaHe CBLCTOAHMETO Ha npobriema W TBOPYECKa MWHTepnpeTauus Ha
nuTepaTypHUA MaTepuan.

[obpoTo no3HaBaHe Ha uscnenBanvs Npobnem AaBa Bb3MOXHOCT Ha AMCepTaHTa Aa Hanpasu eavH
3aAbNb0YEH KpUTUYEH aHanu3 Ha NPOBEAEHU OT pPaafnuyHK aBTOpW U3cNeBaHns OTHOCHO BIUAHWETO
Ha OCHOBHW PEXWMHW W KOHCTPYKTMBHW NapaMeTpu BbpXy eMEKTUBHOCTTa Ha ropeHe Ha
WHKEKTUPaHa 3aBbpTAHA CTPYS BbpXy edeKTUBHOTO Bb3[EMCTBME BbPXY TOPUBHKA MPOLEC W
HEroBOTO WHTEH3U(MUMpaHe. M3sacHeHUTe MeToau W W3NON3BaHWAT MaTemartudeH anapar npu
NPOBEXAAHE HA TEOPETWYHUTE U3CMefBaHMA BbpXy TOPUBHW NPOLECH, KaKTO WU npunaraHeto Ha
nnaHvupaH MHOroaKTOPEH EKCNEPUMEHT NpU W3BBLPLUBAHE Ha ONUTHUTE U3CNeaBaHus, AEMOHCTPUPA
AbNOOKOTO NO3HABaHE OT AMCepTaHTa Ha CbBPEMEHHW Hay4HW NOAXOAM 3a pellaBaHe Ha 3apaqn ot
obnactTa Ha ropuBHaTa TexHuKa.

[lOCTOMHCTBO Ha AucepTauusaTa € U KPUTUYHUAT aHanmu3 Ha eKoNOTMYHUTE acnekTk Npu u3nonseaxHe
Ha rasoBy rOPMBHK YCTPONCTBA B PA3NUYHU NMPOMULLIIEHN MHCTaNaLUM U CbOPBXEHMS.

KoceH nokasaten 3a CTeneHTa Ha Mo3HaBaHe CbCTOSAHWETO Ha u3cnefsaHus npobnem e
KOMWYECTBOTO W Ka4ecTBOTO Ha WM3non3saHara nuteparypa. B gucepraumata ca uutupadn 175
NUTEPATYPHU M3TOYHWKA, KaTO MOBEYETO Ca Ha naTuHMua u ca ot nocnegkute 10 rogunu. [Jobpo
BMevYaTneHne npasi hakTbT, Ye aBToOpbT € [obpe 3anos3Har ¢ npeaulHuTe W3cneaBaHua Ha
KOnekTMBa, B KOWTO paboTu, koeTo e [fobpa npennoctaBka 3a HaarpaxaaHe v passUThe Ha
NOCTUTHATOTO NPE3 NOCNEAHUTE TOAWHM.

3. CboTBETCTBUE Ha M36paHaTa MEeTOZIuKa Ha M3cneaBaHe W MocTaBeHaTa uen U 3adayv Ha
AWUCepTaluuoOHHWA TPpyA C NOCTUrHATUTE NPWUHOCHK.

PaspaboTeHaTa avcepTauns creaga knacuyeckata cxema Ha nofobHa paspabotka B obnactra Ha
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WHXEHEpHUTE u3cnenBanns. [poBedeHn ca TEOPETWYHW W EKCNEepUMEHTanHW W3cneaBaHna Ha
BUCOKO HAyyHO HWBO npw w3cnedpaHe paboTara Ha WHXKEKUMOHHa BWUXpoBa ropesnka, ¢ LUen
W3SACHABAHE BMWSHWETO Ha PEXMMHWTE M KOHCTPYKTMBHW MapameTpy BbpXy edeKTMBHOCTTAa Ha
rOpeHe Ha UHXEeKTUpaHa 3aBbpTaHa CTPyS.

py YUCNEHOTO M3CNeABaHe Ha MHXKEKTUpaHa 3aBbpTAHA CTPYA B OrpaHWyeHo MPOCTPaHCTBO Mpw
W30TEPMUYHU YCIIOBMSA € M3MNON3BaH CbBPEMEHHUAT codTyepeH npoaykT Ansys CFX, Kato KOpeKTHO
ca pa3paboTeHu CLOTBETHUTE CUMYMAUWOHHM MOLENM Ha PasrmexaaHuTe (MU3NKO - XUMUYHU
npouecu. EkcnepuMeHTanHWTe uW3CnedBaHWs ca npoBedeHW Ha nabopatopHa YCTaHOBKa Ha
NNOCKONMaMbyHa MHXEKLMOHHA ropenka. YAauyHo € W3non3BaH MEeTOAbT Ha MbIHUA (haKTOpeH
EKCMEPUMEHT, C LeNn nofyYaBaHe Ha PErpecuoHHM MOAENM 3a maTemaTWdecKko OonucaHue Ha
WU3cneaBaHus NpoLiec B NPeABapuTENHO onpeaeneHara 0bnact Ha (hakTopHOTO NPOCTPaHCTBO. ToBa
nokasga, Y& AOKTOPaHTBLT € YCBOWM Ha BMCOKO HMBO Bb3MOXHOCTUTE 3a MPOBEX[IaHe Ha KOPEKTHU
eKCnepuMEeHTaNHU U3cneaBaHns KakTo 1 CNocobHOCTTa 3a aHanusupaHe Ha nonyvyeHnuTe pesyntaru.

4 Astopedpepar

AsTopedhepaTbT € U3roTBEH CbrnacHo obuionpueTute uanckpaHusa. OCHOBHUAT TEKCT € WU3NOXEH Ha
32 cTpaHuLy, kaTo MaTepuanbT e Borato UNKCTPUPaH Ypes NOAXOMAL urypy, HomepauuaTa Ha
KOWTO CbOTBETCTBA Ha TasW B [AucepTauusta. ToA npeacTaBs B [OCTATbYHO MbrHA CTENEH
CbAbPKAHUETO Ha AUCEPTALMOHHIA TPY U NONMYYEHUTE Pe3ynTaTi OT NPOBEAEHOTO U3cneaBaHe.

5. HayuHu n/unu Hay4HONPUNOXHKA NPUHOCK Ha ANCEPTaLMOHHUSA TPYA.

MpWHOCUTE B ANCEPTALMOHHUA TPYL, Ca C Hay4YHO-NIPUIOXEH 1 NPUAOXKEH XapakTep. Te mMorat fa ce
OTHecaT KbM rpynuTe: [JokasBaHe C HOBM CPEACTBA HA CbLUECTBYBALWM HayyHW npobnemu,
rnosny4aBaHe Ha NOTBbPAMTENHM (DaKkTK W NPUNOXEHUE Ha Hay4yHWTE MOCTWXKEHWA B MnpakTukara.
dopMynMpaHUTe OT aBTOpa NPUHOCK HAMbMHO CLOTBETCTBAT Ha MOCTaBeHaTa Len W NocTUrHaTuTe
pe3ynTaTi OT MPOBEAEHOTO U3CreBaHe U T Npuemam HambiiHO. Kato OCHOBHM MpUHOCK Morat Aa
ce nocovar:

— W3nON3BaHMAT METOf 33 KOMMMEKCHO (YACNEHO UM EeKCMepuMEHTanHo) M3crnefBaHe Ha
3@BBPTAHO CTPYMHO TEYEHUE B OrPaHUHEHO NPOCTPaHCTBO.

— [lonyyeHuTe NOTBBLPAMTENHU OaHHW OTHOCHO MPUNOXEHWE Ha 3aBbPTAHO Te4eHWe C Len
noBuLLIABaHe Ha Maco-TonnoobMeHa B CMECHUTESHA BIUXPOBa Kamepa.

— [MonyyeHnTe AaHHU OT CUMYMALMOHHO M3CNeaBaHe BIMAHWETO Ha NpeHoca Ha TonuHa npes
orpaxgallara NOBbPXHOCT BbPXY 0BMEHHUTE NPOLECH N eEeKTUBHOCTTA HA FTOPUBHIA MPOLIEC.

— BanugupaHeto Ha 6asa nonyyYeHUTe ONWUTHWU [OaHHW Ha CUMYyNauMOHHWTE MoJenu 3a
KOHKPETHUS Cry4al Ha CTPYWNHO TeYeHue.

— [MonyyeHuTe NOTBLPANTENHW PE3ynTaTh 3a Bb3AEHCTBUETO HA 3aBbPTAHOTO TEYEHWUE BBPXY
obpasyBaHe Ha BbrMepoaHN OKCUAN.
MocouyeHnTe npuHocu oboraTaBaT TeopusiTa W NpakTUkaTa npu U3cneaBaHe Ha ropuBHW Npoueck ©
rasoBw rOPErKu.

6. OLieHKa Ha NMYHUA NPUHOC Ha JOKTOpPaHTa

OBMKHOBEHO TYK MOCOYBaM, Y€ OTTOBOP Ha TO3W BBLMPOC MoraT Aa AaAar Hay4HUAT PbKOBOAWUTEN W
YNEHOBETE Ha Hay4HOTO 3BEHO, B KOETO ce e obyyaBan [OKTOPaHTBLT. [JOKONKOTO no3Hasam WUHX.
Vean MeTpoB v pabotata Ha KonernTe OT kateapa ,MexaHuka, MaLMHOCTPOEHE W TONMOTEXHNKa'
KbM VIHKEHEPHO - nefarorniecku cakyntet - Criuser Ha TY-Codus cuntam, Ye B npeobnaaasalyara
CW YacT pesynTaTute OT TOBa K3cneaBaHe ca NMYHo AEeno Ha AOKTOpaHTa.

7. MNpeueHka Ha nybnukauunte No gUCepTaLMOHHNA TPYA.
B npunoxeHus cnucek ¢ nyBnukauuute ca nocoyenu obLlo 6 pabotw, karo 4 ca Aoknaan Ha Hay4Hu
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KOH(epeHumMu, a ABe ca cTaTuu - eaHarta e nybnukysaHa B cn. MexaHuka Ha MalluHUTE U eaHa B
pechepvpaHo 1 MHAEKCUpaHO B MexayHapoaHaTa Oasa paHhu cnucanue “Polityka Energetyczna -
Energy Policy Journal’. [oknagwte ca npeactaBeHy Ha (POPYMU CbC CEPUO3HO MEXAYHapOAHO
yyacTue, a TOBa, Ye nmMa nybnukauus B pecheprpaHo MexayHapoaHo u3aaxue, e beacnopeH akT, ye
OCHOBHata y4acT OT pe3ynTatuTe OT MpOBeAEeHWTEe M3CNeABaHUA ca [OCTbMHM Ha LUMPOK Kpbr
cneuynanuct. OT NpUNOXEHWTE [OOKYMEHTM HsAMa CBEAEHUS 3a LMTUPaHWUA Ha NpeACcTaBeHuTe
paboTn OT Apyr1 aBTopM.

8. MHeHus, npenopbKu 1 Genexku.

KbM npeactaseHara gucepraums HAMam KOHKPETHU 3abenexku oT npuHuuned xapaktep. Moxe 6u
BUno nonesHo no-nobpe Aa ce 0BOCHOBE M3MON3BAHUAT NOAXOA B AUCEpTaLMOHHaTa paspaboTka, a
WUMEHO — MbPBO [Ja Ce NPOBEAAT EKCNEPUMEHTanHW, a Cref ToBa TEOPEeTUYHWU U3CnefBaHus C
NOMOLLITA HA CbOTBETHU CUMYNALMOHHU MOLENU.

9. 3aKnioyeHue.

Bb3 OCHOBa Ha 3ano3HaBaHETO C NPeACcTaBeHOTO AMCEepTaUMOHHO W3cnefBaHe mora Aa Hanpass
W3BOAA, Ye 3a Nepuoaa Ha obyyeHre 1 Ha NOAroToBKaTa Ha AUCepTaLMOHHNS TPy obpasoBaTenHuTe
W Hay4YHUTE Lieni ca MOCTUTHaTK HanbiHO. BE3cnopHo e, Ye ce e NoBULMMA KBanupukauuaTa Ha
uHx. WMean MeTpos no wacneasaqe Ha npoBnemu, CBbP3aHW C ra3oBu ropuBHU YCTPOWCTBA U MO
cheunanHo npu Wacreasaqe rasoguHamukara Ha 3aBbpTeHW W30TEPMUAYHM CTPYMHW TEYeHWs B
OrpaHMYeHO NPOCTPaHCTBO. Pa3paboTeHusaT OT AOKTOpaHTa AOKTOpaT ChAbPXKA HAy4HO-NPUNOXKHA U
NPUNOXHA NPUHOCK, KOETO € OCHOBEH NMOKa3aTen 3a WM3MbNHEeHWe Ha 3aKOHOBWTE W3NUCKBaHUA 33
nony4asaHe Ha OHC ,[lokTop".

Beuyko ToBa M1 4aBa OCHOBaHWE /1@ OLEHA NONOXMTEeNIHO pa3paboTeHaTa aucepTauns 1 yoeneHo
[a NPeAnoxa Ha yBaXaemMoTo Hay4YHO Xypu

Aa npuchban obpasoBaTenHara v HayuHa cteneH ,,JJokrop®
Ha mar. uHX. MBaH AHTOHOB [leTpoB

no MH 5.4 EHepreTuka“, Hay4Ha cneunanHocT TeopeTuyHa TONoTeXHMKa.

01.12.2025 1. UNEH HA XYPWTO:
rp. Pyce /npoch. a-p Menyo Monos/
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OPINION

about dissertation paper for awarding an educational and scientific degree PhD.
Professional field 5.4 Energy.

Scientific specialty Theoretical heat engineering.

Author of the dissertation work: M.Eng. lvan Antonov Petrov

Topic of the dissertation work: Possibilities for increasing the combustion efficiency
of an injected swirling jet

Member of the scientific jury: Prof. Dr. Gencho Stoykov Popov, University of Ruse

1. Relevance of the problem developed in the dissertation.

The dissertation is related to research (numerical and experimental) on the possibility of determining
the influence of some basic regime and design parameters on the combustion efficiency of an injected
rotating jet, which is a prerequisite for effective impact on the combustion process with the aim of its
intensification. The focus is on solving the issue of increasing the energy efficiency of combustion
devices and systems by ensuring higher productivity and thermal efficiency. The issue of stricter
control of exhaust gases, through which waste heat is lost and which contain carbon and nitrogen
oxides harmful to the atmosphere, obtained during incomplete combustion of the fuel in the
combustion chamber, is also touched upon. All this makes the issues studied in the dissertation
particularly relevant from both an engineering and an environmental point of view.

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

Good knowledge of the studied problem enables the dissertation candidate to make a thorough critical
analysis of studies conducted by various authors on the influence of basic regime and design
parameters on the combustion efficiency of an injected rotating jet on the effective impact on the
combustion process and its intensification. The clarified methods and the mathematical apparatus
used in conducting theoretical studies on combustion processes, as well as the application of a
planned multifactor experiment in conducting experimental studies, demonstrate the deep knowledge
of the dissertation candidate of modern scientific approaches to solving problems in the field of
combustion technology.

Dignity of the dissertation is also the critical analysis of the environmental aspects of using gas
combustion devices in various industrial installations and facilities.

An indirect indicator of the degree of knowledge of the state of the studied problem is the quantity and
quality of the literature used. The dissertation cites 175 literary sources, most of which are in Latin and
are from the last 10 years. A good impression is made by the fact that the author is well acquainted
with the previous research of the team in which he works, which is a good prerequisite for building on
and developing what has been achieved in recent years.

3. Compliance of the chosen research methodology and the set goal and tasks of the
dissertation work with the achieved contributions.

The developed dissertation follows the classical scheme of a similar development in the field of
engineering research. Theoretical and experimental studies at a high scientific level have been
conducted in studying the operation of an injection vortex burner, in order to clarify the influence of the
regime and design parameters on the combustion efficiency of an injected swirling jet.

In the numerical study of an injected swirling jet in a limited space under isothermal conditions, the
modem software product Ansys CFX was used, and the corresponding simulation models of the
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considered physic-chemical processes were correctly developed. The experimental studies were
conducted on a laboratory installation of a flat-flame injection burner. The method of the full factorial
experiment was successfully used in order to obtain regression models for a mathematical description
of the studied process in the predetermined area of the factorial space. This shows that the doctoral
student has mastered at a high level the capabilities for conducting correct experimental research as
well as the ability to analyze the results obtained.

4, Abstract

The abstract is prepared according to generally accepted requirements. The main text is presented on
32 pages, and the material is richly illustrated by appropriate figures, the numbering of which
corresponds to that in the dissertation. It presents in a sufficiently complete manner the content of the
dissertation work and the results obtained from the conducted research.

5. Scientific and applied scientific contributions of the dissertation work.

The contributions in the dissertation work are of a scientific-applied and applied nature. They can be
attributed to the groups: proving existing scientific problems with new means, obtaining confirmatory
facts and applying scientific achievements in practice. The contributions formulated by the author fully
correspond to the set goal and the achieved results of the conducted research and | accept them
completely. The following can be indicated as main contributions:
— The method used for complex (numerical and experimental) study of a swirling jet flow in a
confined space.
— The obtained confirmatory data on the application of a swirling flow in order to increase mass-
heat transfer in a mixing vortex chamber.
— The data obtained from a simulation study of the influence of heat transfer through the
enclosing surface on the exchange processes and the efficiency of the combustion process.
— Validation based on the obtained experimental data of the simulation models for the specific
case of a swirling jet flow.
— The obtained confirmatory results for the impact of the swirling flow on the formation of carbon
oxides.
The indicated contributions enrich the theory and practice in the study of combustion processes with
gas burners.

6. Assessment of the personal contribution of the doctoral student

Usually, | point out here that the answer to this question can be given by the scientific supervisor and
the members of the scientific unit in which the doctoral student studied. As far as | know Eng. lvan
Petrov and the work of the colleagues from the Department of "Mechanics, Mechanical Engineering
and Thermal Engineering" at the Faculty of Engineering and Pedagogy - Sliven of the Technical
University of Sofia, | believe that the results of this research are predominantly the personal work of
the doctoral student.

7. Assessment of the publications on the dissertation work.

The attached list of publications lists a total of 6 works, 4 of which are reports at scientific
conferences, and two are articles - one was published in the journal Mechanics of Machines and one
in the refereed and indexed in the international database journal "Polityka Energetyczna - Energy
Policy Journal". The reports have been presented at forums with serious international participation,
and the fact that there is a publication in a refereed international journal is an indisputable fact that the
main part of the results of the conducted research are available to a wide range of specialists. From
the attached documents there is no information about citations of the presented works by other
authors.
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8. Opinions, recommendations and notes.

| have no specific remarks of a principled nature regarding the presented dissertation. It might be
useful to better justify the approach used in the dissertation development, namely - first to conduct
experimental and then theoretical studies using relevant simulation models.

9. Conclusion.

Based on my familiarization with the presented dissertation research, | can conclude that for the
period of training and the preparation of the dissertation work, the educational and scientific goals
have been fully achieved. It is undeniable that the qualification of Eng. Ivan Petrov in the study of
problems related to gas combustion devices and in particular in the study of the gas dynamics of
rotating isothermal jet flows in a confined space has increased. The doctoral thesis developed by the
doctoral student contains scientific-applied and applied contributions, which is a basic indicator for
fulfilling the legal requirements for obtaining the ONS "Doctor".

All this gives me reason to positively evaluate the developed dissertation and to confidently propose to
the esteemed scientific jury

to award the educational and scientific degree "Doctor"
to M.Eng. Ivan Antonov Petrov

in Professional field 5.4 "Energy", scientific specialty Theoretical Heat Engineering

01.12.2025 . JURY MEMBER: -
Ruse IProf. Gencho Popov, PhD/
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