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PEUEH3USA

BBPXY AUCEPTALlUOHEH TPY

3a npu100MBaHe Ha o0pa3zoBaTesiHa M HayuHa cTeneH ,,Jlokrop”.
[Ipodecuonanuo Hanpasienue: 5.4 EHepreTuka.

Hayuna crieuuannoct: TeopeTuuHa TONIOTEXHUKA.

ABTOp Ha AucepTalMOHHUS Tpy1: Mar. nHxk. UBan AuToHos Ilerpos
Tema nHa pucepTauuMoHHUsS Tpyd:  Bb3mMokHOCTH 32 NOBHINaBaHe
e(peKTHBHOCTTA HA ropeHe HA HH:KEKTHPAHA 3aBbPTHHA CTPYS
Penenzent: mnpod. a.1.H. Mean CnaselikoB AHTOHOB, TexHuuecku

yauBepeuret - Codus

1. AKTya/JIHOCT HAa Pa3paboTBAHMS B JHCEPTAUMOHHHS TPy NpodJieMm.

Pasrie:xxaa ce eana ciloKHAa OT TEOPETHYHA M NPUIIOXKHA TTEAHA TOYKa 3a1ava
CBbp3aHa ¢ OOMEHHHTE IMIPOLleCH B Tra3oropuBHH ycTpoilctBa. IlpobimemsT ce
pasriekaa B JBa aclieKTa: eKOJOTH4YeH W B MKOHOMHMYEH. [IbpBUAT BKIIOYBA
M3CJIeIBaHe Ha IMOJIyYeHUTe NIPY FOPEHETO BPEAHM ra30BE€ M TAXHATa MUHUMU3ALMIL.
Cb3naBaHeTo Ha yIpaBisieM IOPUBEH IPOLEC € CBbP3aH OCBEH C HamallsiBaHe Ha
BPEHHUTE eMUCHH M ¢ e(DeKTHBHOTO H3rapsiHe Ha ra3zoBoTo ropuso. [lpu u3dpanus ot
JAMCepTaHTa MOJEJ] Ha TOPUBHO YCTPOMCTBO — YyINpaBisema 3aBbpTSAHA CTPys B
ropuBHa Tpbb0a MOXKe Ja ce cMsATa, 4e [OoCTaBeHaTa 3ajava € H3IM'bJIHeHa.
M3/10)kKeHOTO 10 TyK MM JlaBa OCHOBAaHHE Ja CMsTaM, 4e pa3padoTBaHUTE B

AUcCepTanuATa 3alavYH Ca aKTyallHH B HAYYHO H MMPUJI0XKHO OTHOLICHHE.

2. CreneH Ha T1O3HABaHe CbCTOSIHHETO Ha mnpodJjeMa H TBOp4YecKa
MHTEpPNpeTANHs HA JIHTEPATYPHUS MaTepHAaJl.

JluteparypHusit 0030p oOxBaia 175 3armaBust B 00jacTTa Ha YMCJIEHOTO U
eKCIIepUMEHTAJIHO M3Cjie/BaHe Ha TypOyJIeHTHW TeUYeHHs B FOPHMBHU W TOIJIMHHH
YCTpOICTBa M ChOPBKEHHMs. B 1o — romsmarta cd 4acT Te ca oT nocneanHute 10
ronuuu. Tpsbsa ja ce mojauepra e, ye AMCEPTAHTa € MHOrO J00pe 3aro3HaT ¢

pa3paboTKUTe y HAC M mpead Bcuuko B kareapara B UIID — Cnusen. M3nonssan e
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KPUTHUHO TIPOYYEeHMsl Marepual UM Bb3 OCHOBa Ha HAalpaBEeHWs aHalu3 e
dbopMynIHpa CBOETO ,,Mojle” Ha W3C/IeIBaHus, B IBE BaXKHU OT HAy4Ha U IPUIIONKHA
00JJaCTH — TOPHUBHHUTE YCTpPOMCTBA W TeOpHsl (M MpaKTUKaTa, MPUIIOKEHHETO) Ha
3aBBPTEHH TYpPOYJIEHTHH TeueHus. Moxe Jia ce /1ajie BUCOKa OLEHKa Ha MO3HAHUETO

W TBOpHECKATa UHTEPIIPETALIMS Ha JIMTEPATYPHHUA MaTepHall.

3. CboTBeTCTBHE HA M30paHaTa MeTOJMKA HAa M3C/JedBaHe ¢ OCTaBeHaTa LeJl U
3aJa4YM HA JHCEPTAUHOHHHS TPYA.
[MpueTuaT nNoOAX04 Ha u3cie[BaHe (EKCIIEPUMEHTAJHO M YHCJIeHO) € wu3bpan

IMpaBHUIIHO U CLOTBETCTBA HA LUEIHUTE H OCHOBHHUTE dpopmynnpaﬂn 3aJa4yHn.

4. Kparka aHaJuTHYHA XapaKTepHCTHKAa HAa eCTECTBOTO M OlEHKa Ha
AOCTOBEPHOCTTA HAa MaTepHaja, BBbPXY KOHTO ce TIpajsT MNPHHOCHTEe Ha
AHCEPTALHOHHHSA TPYA.

JlicepTaLlMOHHUAT TPYA € M3rPajieH Mo eMH JoruyeH HauuH. Kato mbpBoHa4YaIHO B
rJaBU MMbpPBa M BTOpPaA ca pasrjie/aHd €KOJOTMUHUTE NMpOoOJIeMH, KOUTO ChIIBTCTBAT
FOpPeHeTO Ha W3KOMaeMHM, B cilyyasl ra30BO ropuBo. HampaseH e npersesn Ha Ha —
YECTO U3IMOJ3BaHUTE ra30rOPUBHU YCTPONUCTBA CHC ChOTBETHATA KPUTHYHA OLICHKA Ha
KOHCTPYKTUBHUTE WM OCOOCHOCTH M EKOJIOTMYHHM TIoKazarenu. PasrienaHu ca
IPEeIXOJHUTE M3CJIeIBaHMsl B o0jlacTTa Ha IOpPHUBHATA TEXHHMKA M NpPEIHd BCHUKO
pa3paboTKUTE 110 MPUJIOKEHHE Ha 3aBbPTEHUTE TYPOYJIEHTHH CTPYH OT KaTeApCHUS
KonekTuB. TpsibBa na otOenexa, 4ye mnpod. Ilerbp Kocros paborewre mo Tesu
npobsiemu oue mnpe3 70-te roamHu. JucepraHThT Mo3HaBa noOpe obnacTra Ha
U3CIE[BAHE, KaTO IOJYyUYEeHHUTE pe3yliTaTh — eKCHEPUMEHTAJIHW W YHUCIeHHW He
MPOTHUBOpPEUAT HA JIOMMKATa HA H3Y4aBaHOTO CJIOXKHO CTpyHHO Tedenue. Moxe na ce
TBBPAU yOEIUTENHO, Y€ OCHOBHMTE €JEMEHTH Ha H3CjIeIBaHEeTO ca JOCTOBEPHHU B
aCTeKT Ha TOYHOCTTA Ha W3MO0J3BaHaTa eKCNepUMeHTalHa U KOMIIOThpHA TEXHHKA.
Ilo3naBaiiku n00pe mpeacTaBeHHs MaTepual B JUCEPTALIMOHHHS TPyX Mora Ja
npuema, 4e TOH J1aBa Bb3MOXKHOCT ja ce o(opMsT Ha Herosa 0a3za NPHHOCHTE B

JOKTOparTa.
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5. HayuyHH u/MjiM HAYYHONIPHJIOKHH NPHHOCH HA IHCEPTAUHOHHHUSA TPYA.

B nucepTalMOHHMAT TPyZA OCHOBHUTE HAYYHONPWIOKHU IPUHOCH MoraT Ja ce
(¢opmynupar B:

- WMznomsBaHusAT MeTox 3a u3cie[BaHe Ha [Mpodiema upe3 NpOBEKIaHe Ha
Npe/BapUTeieH PpEerpecUOHEeH aHalu3 Ha IapaMeTpUTe Ha 3aBbPTAHO CTPYHHO
Te4YeHHE B OTPAaHUYEHO LMJIMHIPUYHO NPOCTPAHCTBO, KOWTO € MO3BOJIMJI KOMIIJIEKCHO
— eKCIIepMMEHTAIHO U YMCIIeHO M3ClIe/IBaHe MpU HaMalleH Opoil HayaJlH| YCITOBHS.

- IlomydyeHu ca MOTBbLPAUTENIHM HOBHU JAHHU OTHOCHO IPHJIOKEHHE Ha 3aBBPTSIHO
TEeYEeHHE C LEJI NOBUILIABAHE HAa Maco- TOIUI000OMEHa B CMECHUTEIHA BUXPOBA KaMepa.

- JlokasaHa e I10 ONMTEH MbT BajJMAalMs Ha IPUIOKEHUTE NMPOrpaMHHu MPOAYKTH IPH
KOHKPETHHS C1ydai Ha CTPYHHO TeUeHHE.

- JlokasaHuM ca C HOBM JIaHHM, MOJIYYEHM Ype3 CHUMYJIALMOHHO H3CIEABaHE Ha
BJAMSHMETO Ha IpeHOoca Ha TOIIMHA Mpe3 orpaxjallara IOBBPXHOCT BbPXY
OOMEHHHTE MpoLecH U e()eKTUBHOCTTa Ha TOPUBHUS ITPOLIEC.

- Ilomy4yeHu ca NOTBBPAMTENIHM pe3yiATaTH 3a Bb3AEHCTBHETO Ha 3aBBPTAHOTO
TeYeHUE BBPXY 00pa3yBaHe Ha BbIVIEPOJHHU OKCH/IH.

[Io cBos xapaxkTep NPUHOCUTE MMAaT MpPaKTHYECKa HACOYEHOCT W Moratr naa ce

H310J3BaT KaTO HOBH TEXHOJIOTHH B rOpHBHAaTa TEXHMUKA.

6. Ouenka 3a cTeneHTa HA JIMYHOTO YYACTHE HA IMCEPTAHTA B IPUHOCHTE.
be3 na omasioBaxkaBaM 100pOTO PHKOBOJACTBO HA PHKOBOAMTENS Ha pa3paboTkaTa,
npyemMaM 3a OCHOBHO JIMYHOTO y4dacTHe Ha [MCEPTaHTa, KaKTO U B JOKa3BaHe H

dbopMynpaHe Ha MIPUHOCUTE.

7. lIpeuenka Ha NyOJUKALIMUTE O JUCEPTALHOHHUS TPYA.

ChIIacHO TNPHJIOXKEHHS CIMCBK JMCEpTaHTa MMa ILIecT MyONMKyBaHH Tpyjaa, OT
KOWUTO €IMH CaMOCTOsTeNleH oTnevaTaH B uykOuHa. OcTaHanuTe MyOJMKAIMH Ca B
ChaBTOPCTBO, KAaTO B JiBe € Ha MbpBO MsicTo. C Te3u myOJMKyBaHH pe3y/TaTH OT
JTUCEPTALIMOHHHUS TPY/L B JIOCTBITHH 32 LIMPOK KPbI CIELMAIMCTH Ca H3UIPAJId POJIATa

CH J1a JOCTHTHAT [0 JKejlaHusi Opoi yuraresnd. Ha To3u eran (MajikoTo BpeMe Cllel
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OTHE‘-IaTBaHeTO) HE MOXKE 1a C€ UCKa LMTHPaHHA OT JPYTH aBTOPH.

8. M3noasBane Ha pe3yaraTHTe OT JHCePTALHOHHHS TPyl B Hay4YHaTa H
COLHAJIHATA NPAKTHKA,

KakTo u3TbKHax U Mo — rope nojy4yeHUTe pe3yiaTaTH B JUCEPTALMOHHUSA TPYJ MMaT
IpaKTUYecKa HAacoO4YeHOCT W JAMPEKTHO MOoraT Ja ce H3MO0/3BaT B MpakTHKaTa IIpH
Cb3/laBaHe WJIM YChBBPIIEHCTBAHE HA Ia30TOPHUBHHU YCTPOMCTBA. 3a TOBA JOIPHUHACH
M Il0Ka3aHaTa Bb3MOXKHOCT 3a YIMpaBleHWe upe3 3aBbpTaHe Ha TEYEHHETO Ha

BpPE€AHUTE EMHUCHH H3IIYCKaHH B OKOJIHaTa cpeaa.

9. OueHka Ha CHOTBETCTBHETO Ha aBTopedepaTra ¢ H3MCKBAHHATA 32
H3rOTBSIHETO MY.
ABTOpedepaTbT OTroBaps HambIHO, pa3dupa ce B OrpaHWYeHHs cH 00eM, Ha

JIAJICHOTO B JUCEPTALIMOHHUS TPYI.

10. MueHusi, npenopbKH H Des1eKKH.

MMax Bb3MOKHOCTTA Ha HabmomaBaM paboraTa Ha JucepTaHTa Mo pa3paboreHaTa

TeMa, B MEH OcCTaHa yOeXIEHHETO 3a 3aAbJI00YEHOCT M TOYHOCT, OCOOEHO IpH

MPOBEXKAaHE Ha €KCIIEPUMEHTA.

3abenexKuTe CbM MPEACTABUII HA IMCEPTAHTA Clle/l TpeTaTta pejakius Ha Tekcra. Ille

oTOesexa caMo HIKOH, KOUTO TpsiOBA J1a Ce ONpaBsT U AOYTOUYHAT:

- Jluncea ,,rna/IkocT Ha CKOPOCTHHUTE MPOQHUIN OT YHUCIEHOTO pelueHue. Tosa ru
NpaBy M0 pa3uvHU 110 CTPYKTYpa OT €KCIIEpUMEHTA.

- Jla ce yTOUHHM YMH ca ONMTHUTE pe3yJsiTaTy u3non3sanu B [asa ceama (ctp.136).

[Tpu Obaema padbora, Mpy YUCIEHUTE CUMYJIALUK Ja ce HablierHe Imo BBIPOCHTE 3a

Oposl TOYKH, B KOUTO C€ MpaBu pelieHueTo. [la ce MOMHUCIHM 3a 110-BUCOKA TOYHOCT H

110 MaJIKa pa3JiiKa OT €KCIIepUMEHTa.

HanpaseHuTe Oesie)kKH UMAT MPENnopbUYUTEIeH XapakTep U HE KacasT KaueCTBOTO Ha

JTUCEPTALIMOHHUS TPY .
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11. 3aknwuenue.
Pa3srnexxaa ce enHa clioxkHa OT TeOpeTHYHA W TMPUIIOKHA [JleJHAa TO4YKa 3ajada
CBbp3aHa ¢ OOMEHHHTE TNpOLECH B ra3oropMBHH ycrpoiicta. [IpobaemsT ce
pasriexaa B [Ba acrekTa: eKolorMyeH M B HKOHOMHUYeH. [IbpBUAT BKIIIOYBa
M3CJIe/IBaHE Ha MOJIyYEHUTE MPH FOPEHETO BPEAHHW ra30BEe W TAXHATA MUHHMU3ALIMS.
Cp3naBaHeTo Ha ynpasisieM FOPUBEH IPOLEC € CBbp3aH OCBEH C HaMajlsBaHE Ha
BpeHUTE EMUCUHU U ¢ e(DEeKTUBHOTO M3rapsiHe Ha ra3oBoTo ropuo. Ilpu u3dpanus ot
IUCepTaHTa MOJEeJ] Ha TOPUBHO YCTPOMCTBO — YINpaBiseMa 3aBbpPTAHA CTIPYys B
ropuBHa TpbOa MOXKe J1a ce CMATa, e NMOCTaBeHaTa 3a/ada € U3IbJIHEHA.
L[ATOCTHUAT aHanuW3 Ha  JUCEPTAllMOHHUS  TpPyd Kakro M TOJYyYCHHUTE
Hay4YHONPUIIOKHU TMPUHOCH MU JaBaT MOBJIHOTO OCHOBaHHE Ja Mpealoka Ha
yBaKaeMOTO Hay4HO KypH

[a NpUCHIH 00pa3oBaTe/IHATA H HAYYHA cTeneH ,,/lokrop*

Ha mar. uH:x. UBan Autonos Ilerpos

no ITH 5.4 ,Enepretuka®, HayuyHa crnienudanHocT TeopeTruHa TOIIOTEXHHKA.

10.12.2025 . PELIEH3ERT: R
rp. Cocpus /npod. A.T.H. ViBaH AHTOHOB /
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REVIEW

on a dissertation submitted for the award of the educational and scientific
degree “Doctor™.

Professional field: 5.4 Energy.

Scientific specialty: Theoretical heat engineering.

Author of the dissertation work: MSe. Eng. Ivan Antonov Petrov

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

Reviewer: Prof. Ivan Slaveikov Antonov, D.Sc, Technical University - Sofia

1. Relevance of the problem developed in the dissertation.

A complex problem related to the exchange processes in gas-fired devices is
considered, both from a theoretical and applied point of view. The problem is
considered in two aspects: environmental and economic. The first involves the study
of harmful gases produced during combustion and their minimization. The creation of
a controllable combustion process is related not only to the reduction of harmful
emissions but also to the efficient combustion of gas fuel. With the model of
combustion device chosen by the doctoral candidate - a controllable rotating jet in a
combustion tube - it can be considered that the task has been completed. What has
been stated so far gives me reason to believe that the tasks developed in the

dissertation are relevant in scientific and applied terms.

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

The literature review covers 175 titles in the field of numerical and experimental
research of turbulent flows in combustion and thermal devices and facilities. For the
most part, they are from the last 10 years. It should be emphasized that the
dissertation candidate is very well acquainted with the developments in our country,
and above all in the department at the Faculty of Engineering and Pedagogy - Sliven,

He critically used the studied material and, based on the analysis, formulated his
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"field" of research in two important scientific and applied areas - fuel devices and the
theory (and practice, application) of rotating turbulent flows. Knowledge and creative

interpretation of literary material can be highly appreciated.

3. Compliance of the chosen research methodology with the set goal and
objectives of the dissertation.
The adopted research approach (experimental and numerical) was chosen correctly

and corresponds to the goals and main formulated tasks.

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

The dissertation is structured in a logical manner. Initially, chapters one and two
examine the environmental problems that accompany the combustion of fossil fuels,
in this case gas fuel. A review of the most commonly used gas-fired devices was
conducted with a corresponding critical assessment of their design features and
environmental performance. Previous research in the field of combustion technology
and, above all, developments in the application of rotating turbulent jets by the
department team are reviewed. I should note that Prof. Petar Kostov was working on
these problems back in the 1970s. The doctoral candidate knows the field of research
well, and the obtained results - experimental and numerical - do not contradict the
logic of the complex jet flow being studied. It can be convincingly argued that the
main elements of the study are reliable in terms of the accuracy of the experimental
and computer techniques used. Knowing the material presented in the dissertation
well, T can assume that it provides an opportunity to shape the contributions in the

doctoral thesis on its basis.

5. Scientific and/or applied scientific contributions of the dissertation.
In the dissertation work, the main scientific and applied contributions can be

formulated as:
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- The method used to study the problem by conducting a preliminary regression
analysis of the parameters of a rotating jet flow in a confined cylindrical space, which
allowed for a complex - experimental and numerical study with a reduced number of
initial conditions.

- Confirmatory new data have been obtained regarding the application of swirling
flow to enhance mass and heat transfer in a mixing vortex chamber.

- Validation of the applied software products in the specific case of jet flow has been
experimentally proven.

- They have been proven with new data obtained through a simulation study of the
influence of heat transfer through the enclosing surface on the exchange processes
and the efficiency of the combustion process.

- Confirmatory results were obtained for the impact of the swirling flow on the
formation of carbon oxides.

By their nature, the contributions have a practical focus and can be used as new

technologies in fuel technology.

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

Without belittling the good guidance of the project supervisor, [ consider the personal
participation of the dissertation candidate to be fundamental, as well as in proving

and formulating the contributions.

7. Evaluation of dissertation publications.

According to the attached list, the dissertation candidate has six published works, one
of which is an independent work published abroad. The remaining publications are
co-authored, with two of them in first place. By making these published results of the
dissertation accessible to a wide range of specialists, they have played their role in
reaching the desired number of readers. At this stage (the short time after printing)

citations from other authors cannot be requested.
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8. Using the results of the dissertation work in scientific and social practice.

As pointed out above, the results obtained in the dissertation have a practical focus
and can be directly used in practice when creating or improving gas-fired devices.
This 1s also contributed by the demonstrated ability to control by reversing the flow

of harmful emissions released into the environment.

9. Assessment of the compliance of the abstract with the requirements for its
preparation.
The abstract fully corresponds, of course in its limited volume, to what is given in the

dissertation.

10. Opinions, recommendations and notes.

I had the opportunity to observe the work of the dissertation student on the developed

topic, and I was left with the conviction of thoroughness and accuracy, especially

when conducting the experiment.

[ have presented the remarks to the dissertation supervisor after the third revision of

the text. I will only note a few that need to be corrected and clarified:

- The velocity profiles from the numerical solution lack "smoothness". This makes
them structurally different from the experiment.

- To specify whose experimental results are used in Chapter Seven (p.136).

In future work, in numerical simulations, emphasis should be placed on the issues of

the number of points at which the decision is made. Consider higher accuracy and

smaller difference from the experiment.

The notes made are of a recommendatory nature and do not concern the quality of the

dissertation work.

11. Conclusion.
A complex problem related to the exchange processes in gas-fired devices is
considered, both from a theoretical and applied point of view. The problem is

considered in two aspects: environmental and economic. The first involves the study
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of harmful gases produced during combustion and their minimization. The creation of
a controllable combustion process is related not only to the reduction of harmful
emissions but also to the efficient combustion of gas fuel. With the model of
combustion device chosen by the doctoral candidate - a controllable rotating jet in a
combustion tube - it can be considered that the task has been completed.

The comprehensive analysis of the dissertation work as well as the scientific and
applied contributions received give me full reason to propose to the esteemed

scientific jury

to award the educational and scientific degree ""Doctor"

to MSc. Eng. Ivan Antonov Petrov

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

10.12.2025 1. REVIEWER: - 7 - -
Sofia /Prof. Ivan Antonov, D.Sc/
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