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CTAHOBHUIIE
BbPXY AMCEPTALIUOHEH TPY /I
3a npuao0MBaHe Ha oOpa3oBaTesiHa M Hay4Ha crernel .. Jlokrop™
ITpodecuonanuo nanpasienuue: 5.4 Enepeemuxa.
Hayuna cneuuannoct: Teopemuuna moniomexnuKa.
ABTOpP Ha AMCEPTALMOHHHUSA TPYA: ac. mae. unyc. Hean Anmonoe Ilempos
Tema Ha quceprauMoOHHUS TPYA:  BB3ModcHOCHIU 30 ROGUIMABAHE eheKmMUGHOCHMA HA
20peHe HA UHNCEKMUPAHA 3A46bPMAHA CMPYA
HiieH Ha HAYYHOTO KYPH: npod. 0-p undic. Kouuo Tonuee Amanacos

1. AKTya/IHOCT Ha pa3padoTBaHMsl B AHCEPTALHOHHHS TPY NpodJjeM B HAYYHO H HAYYHO-
NPHJIOKHO 0THOmeHHe. CTeneH U HHBA HA AKTYAJTHOCTTA HAa NpolJeMa U KOHKPETHUTE 3a/1a4H,
pa3padoTeHu B AUCEPTALMATA.

[IpeicTaBeHUAT AUCEPTALMOHCH TPY PEICTABIIABA 3aBbPIICHA H3C/Ie/J0BaTEICKa pa3paboTKa.
M3cnenpanero e MHTEPAMCLMILIMHAPDHO, BKJIOYBALIO €JIEMEHTH OT TEOpeTHYHA TOIUIOTEXHHUKA,
rOpHBHA TEXHMKA, PHIIOKHATA MeXaHuka Ha Gayuaute u ap. Tpyast e B obem ot 153 ctp. u 42 crp.
npuioxkenue. Pazzenen e B cejieM riasu.

AxTyanHocTTa Ha npodieMa e pasrie/laHa B I'bPBUTE [BE ITIABH Ha JMCEPTALMATA, KBJICTO €
HanpaseH noApoOeH JITeparypen 0030p Ha OTKPUTHTE B MH(OPMALMOHHOTO IIPOCTPAHCTBO TOPUBHU
YCTpOICTBa, pealn3upanu Ha Dazara MHKEKTHpaHa 3apbpTsiHa cTpys. OcobeHo MACTO € OT/e/ICHO Ha
TAXHATA €(PEKTHBHOCT M E€KOJIOFMYHOCT. MHOro akryajnu ca pa3pabOTKHTE M BHEIPSABAHETO Ha
TUIOCKOMIaMBbuHi ropeiku. Ilorebpkienue 3a ToBa € u (akra, 4e Te HAMHMpaT BCE MO-IIHMPOKO
NPUJI0KEHHE B pa3IMUHK OTPAC/IM HAa HHAYCTPUATA.

2. Crenen Ha No3HABaHe CHCTOSIHHETO Ha Mpod/jeMa M TBOPYECKA HHTEPIPETAIHS Ha
JIMTEPATYPHHSA MaTepHAI.

JIurepatypHust 0030p obxBaia Haj 175 autepaTypHu M3TOYHHMKA, OT KOMTO 61 Ha KMpUIHIEA U
114 na natununa. Hanpasen e oOcToeH aHanu3 Ha pa3jiMuHMTE THUIOBE BHXPOBH HHIKCKIHOHHH
ropesiku. PasriefaHn ca M NpeaXOJHHM W3C/€ABaHUS HAa KOJETH OT KOJEKTHBA Ha Kareapara.
AKIEHTHPaHO € BbPXYy: HOPMATHBHHU W3HUCKBaHUS KbM 00pasyBaHETO Ha BPEJHH CMHCHH B
NPOJAYKTHTE HA TOPEHEe, BAMAHHETO HA PEKUMHHTE M KOHCTPYKTHBHH [apaMeTpH, BbPXY
eexTHBHOCTTA M KOS(QHUUMEHTA Ha [OJE3HO JeHCTBHE HA TOPUBHUTE arperar, pazinyHu
KOHCTPYKIMH HA BUXPOBH I'OPEJIKH € Pa3IMUHH N€OMETPHYHH lapaMeTpH Ha 3aBBPTALIH alapaTH.

3. ChoTBeTcTBHE HA H30pAHATA METOAMKA HA H3C/IeBaHe ¢ MOCTABeHATA e/l H 3a1a4H Ha
AUCEPTANMOHHHS TPY/L.

M3bpana ¢ MeToaMKa Ha napajejHo YUC/ICHO M HATYpHO MOJEIMpaHe M H3Cle/BaHe, KOETO ¢
MPUETO KATO CTAHAAPT 3a HAYYHH W3CJEIBAHHS B MOBEUETO BOJEIIH LIKOAM B cBeTa. MeToaukaTa
HAllBJIHO CBOTBETCTBA HA [OCTaBeHaTa 1€l W JaBa BB3MOXKHOCT Ja C¢ pelar 3alaiyuTe Ha
JIUCEPTALIHOHHHUS TPY/L.

4. Kpa’ma AHAJMTHYHA XapaKTepPHCTHKA HAa €CTECTBOTO H OLCHKA HA J0CTOBEPHOCTTA HA
mMaTepHaJ/ia, BbpPXY KoiiTo ce rpajgdaT NPUHOCHTE HA AUCEPTALHOHHHS TPY 1.




PaboraTa BKJIIOYBA 3HAUMTEICH 00eM €KCIEPUMEHTAIHN M YUC/ICHU U3ciIeBaHus. Y OepHTEIHO
ca JIOKAa3aHM U3CJIe/IBaHUATA U U3BOIMTE OTHACSLIH Ce J10:

- BIIMSIHME HA KOHCTPYKTHBHUTE H PEIKMMHH MapaMeTpH BbpXY e(EKTHBHOCTTA HA FOpeHe Ha
MHIKEKTHPAHA 3aBbPTAHA CTPYS:

- ra3oJMHaMHMKaTa Ha WHIKEKTHpaHA 3aBLPTSHA CTPYsS B OIPAHHYEHO MPOCTPAHCTBO IPH
H30TEPMHUYHH YCIIOBUS;

- YUCJICHOTO M3C/Ie/[BAHE HA FOPUBEH NPOIEC B OIPaAaHUUYEHO MIPOCTPAHCTBO HAa HHIKCKTHpaHA
3aBLPTAHA CTPYS.

Mmuoro ,H06pe € YCBOCH MCTO/la Ha perpecMoHCH aHajlHl3 Ha CKCIIEPHMEHTAIHH JaHHHU H
IUIAHUpaHe Ha eKCIIEPUMEHTa, KAKTO W craTHcTHYeckara oOpadoTka Ha pesyiratute. B pesynrar B
Kpasi Ha IjaBa 3-Ta ca MOJIyuYeHH JIBé PErpeCHMOHHM YpPaBHEHHMs, HA KOHWTO € HalpaBeH aHalu3 U ca
NPEJICTABEHH IPapHUHO.

M3K1ounTeIHO MHOro padoTa € CBBbPLICHA 110 HATYPHUTE CEKCIEPHUMEHTH Ha HHIKEKTHpaHa
3aBBPTAHA CTPYST B OrPAaHMYEHO MPOCTPAHCTBO TMPH M30TepMHUHM yciosua. Mscinensanusita ca
HalpaBeHW [0 KJIacHyecka METO/MKa, HO CbLC CLBPEMEHHH M TOYHHM HW3MEPBATEIIHH CPE/ICTBA.
Pesynrature ca obpaboTtenu u rpadukure Ha CKOPOCTHUTE MOJETA N0 Ab/KHHA HA H3CIE/BAHOTO
NPOCTPAHCTBO ca NPEACTaBEHU B MPHIIOKEHHETO KbM AHCEPTaLlUATA.

MHoro nojpoOHO, TBOPYECKH M AHAJIMTMYHO € HAlpaBeHO YUCIIEHO M3CJIe/IBAHE HAa FOPHBEH
[POLIEC B OIPAHMYEHO MPOCTPAHCTBO HA MHIKEKTHPaHA 3aBbpTsiHa cTpys. JJoKTopanThT MoKaspa, ue €
YCBOWJI 4HUC/IeHOTO Mojeiupade ¢ nomowra Ha FLUENT. Msrpagennte MoJzein ca aJeKBaTHH,
[OJYYEHHTE Pe3yJITaTH - KOPEKTHH M ChIVIACYBALM C€ C HATYPHH M YYKAM YHCJIEHH M3CJIe/IBAaHUS.
['padyikure Ha CKOPOCTHHUTE MOJETA IOJYUCHH OT UHMCACHUTE M3CIIE/IBaHKMs ca MPEJCTaBeHU B
NPHIIOKEHHETO KbM JHCEPTALIUSTA.

S. Hayunu n/win Hay4YHO-NPHIOKHH NPHHOCH HA JHCCPTALHOHHHS TPY/L:

[TocTurnarure pe3yararu, HanpaBeHUTE W3BOU M 3asBEHUTE [T HAYYHO-TIPUIOKHH NIPHHOCH B
JUCEPTAlMOHHUS TPY/L ca apryMEHTHPaHO 000CHOBAHH U KOPEKTHO (DOPMYJIMPaHH.

ITpuemam 3asiBeHuTe M QOPMYIUPAHU OT JIOKTOPAHTA IPUHOCH 32 10CTOBEPHH.

6. OueHka 3a cTeneHTa HA JIMYHOTO YYACTHE HA IHCEPTAHTA B IPHHOCHTE.
Kateropuunure jokasaresicrsa 3a JMYHOTO aBTOPCTBO HA JUCEPTAHTa BbB BCEKH €JICMCHT Ha
padoTara ca HSIKOJIKO:
- npeAcTaBeHuTe B paborara pesyirary — B TabjuueH U rpaguyueH BHIL;
- pa3pabOTEHHUTE MOJIEIIH — YUCJICHU U €KCIIePUMEHTATHU;
- HanpaBeHUTe NyOJMKALMK B X0/1a Ha Pa3padOTBaHETO Ha JUCEPTALHOHHUS TPYI;
- 00001enneTo, GopMyaIHpaHeTO M aHAIM3a Ha Pe3yJITaTHTE:
- IMYHKUTE MU HAOJIIOJICHHUS BBPXY padoTara Ha JIOKTOpaHTa.
ToBa Mu 1aBa OcHOBaHHE 1a 3asBsl, Y€ MOCTUTHATHTE PE3YJITATH U IPHHOCHTE B JMCEPTALlUATA
ca JJMYHO JIEJI0 Ha JJOKTOpaHTa MOCTUTHATH 11071 PbKOBOACTBOTO Ha HAYYHUS PBKOBOJUTEIL.

7. MHeHus1, IPenopbKu H 0eJIeKKH.

KM mpezcraBenaTa jucepranus HaMaM 3a0eieikKi OT NPHHIMIIEH XapakTep. 3abens3aHuTe B
NpeJBAPUTEIHOTO MM MHEHME TEXHHMYECKH, TEePMHHOJIOTMYHM W  I[PAaBOMHCHU TIPELIKH B
JIUCEPTALMOHHUSL TPY/L Ca OTCTPAHEHH.

[IpenopbuBaM Ha JOKTOpaHTa B ObjCIIMTEe M3CICIBAHUSA U MYOJHKALIMK 110 TEMaTa pe3yITaTHTe
3a BEJIMYMHM, TOJYYEHM OT HATYPHHU M UHCJIEHH EKIEPUMEHTH IpPH €IHH W CbIIM YCIOBHA @ c¢




npecTaBaT Ha ejiHa rpaduka. Taka e morar ga ObJaT CpaBHEHH W OLIEHEHHU I10-JIECHO M LIE MOJKE Ja
Ce HanpaBH 3aKJIIOYEHUE 32 aJICKBATHOCTTA HAa MOJIeJIa.

8. 3akrouenne.

M3pbpliueHa e U3KIIOUUTEIHO roisMa no odem paoTa 1o M3clielBaHe KaKTO HAaTYpHO, Taka H
YHCICHOTO HAa MHIKEKTHPaHA 3aBbpTsHa CTPys. be3 Ja HaBaM3aM B JONBJIHHTEIHM JETalIdn B
npejicTaBenara Aucepraius, e otoesnexa ciaeHoTo:

1. Tlocturuaru ca HeoOXoaMMMTE 3a JoKTOpcka pabora oOpazoparenHu Lend. HecbmHeHo
ABTOPBT € MOBUIIMJI 3HAYMTENIHO CBOsTA KBaIM(UKALM W € JoKa3al BB3MOKHOCTH Jia IJIaHupa U

MIPOBEXK/1a HATYPHH H YHCJIEHH €KCIEPUMEHTH. YCBOMJ € M € IPHIIOKHI Ha IPaKTHKAa CbBPEMECHHH
3HaHUs B 00JacTTa Ha MOJe/MpaHe M cuMyJjanus Ha npouecurte. [To To3u HauuH TOH OTOENA3BA
3HAYMTEJIEH HANPEIbK B CBOCTO MPO(ECHOHAIHO U3PacTBaHE.
2. Karo umam mpej BHJ 3asiBEHUTE, HAYWHO-NPWJIOKHHU MPHHOCH, MOra Jia NOTBBPIL, Ye €
M3IIbJIHEHA U Hay4HaTa yacT B JIMCEPTalMsTA.
B 3axiiouenue, ropeka3zaHoTo MM JjiaBa OCHOBaHHE Ja OLEHS TOJOXKHUTEIHO IPCACTABEHUS
IMCEPTALMOHEH TPY/l M J1a MPe/I10%kKa Ha YBAXKaeMOTO Hay4qHO JKypH J1a

oa npucvou odpaszosamerHama u Hayuna cmenett ,,/{lokmop*
Ha ac. mae. unyc. Hean Aumonoe [lempos

1o HayyHa creudaintoct Teopetuuna Tororexuuka, [I1H 5.4 Enepreruka™.

02.12. 2025r. M3roTBHIT CTAHOBHILIETO: cevvvenreervnnnnnenn e eteere v —.—
Cnupen (mipodp. n-p Koiiuo Aranacos)




OPINION

about dissertation paper for awarding an educational and scientific degree “Doctor of Philosophy”.

Professional field: 5.4. ,,Energetics*“,

Scientific specialty: Theoretical heat engineering.

Author of the dissertation work:  Assist. Prof. MSc. Eng. Ivan Antonov Petrov

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

Member of the scientific jury: Prof. Koycho Tonchev Atanasov, PhD

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

The presented dissertation work is a completed research work. The study is interdisciplinary,
including elements of theoretical heat engineering, combustion engineering, applied fluid mechanics,
etc. The work is 153 pages long and 42 pages in the appendix. It is divided into seven chapters.

The relevance of the problem is discussed in the first two chapters of the dissertation, where a
detailed literature review of the combustion devices found in the information space, implemented on
the basis of an injected rotating jet, is made. Special attention is paid to their efficiency and
environmental friendliness. The development and implementation of flat-flame burners are very
relevant. Confirmation of this is the fact that they are increasingly used in various branches of industry.

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

The literature review covers over 175 literary sources, of which 61 in Cyrillic and 114 in Latin.
A comprehensive analysis of the different types of vortex injection burners has been made. Previous
studies by colleagues from the department have also been reviewed. The emphasis is on: regulatory
requirements for the formation of harmful emissions in combustion products, the influence of
operating and design parameters on the efficiency and efficiency of fuel units, different designs of
vortex burners with different geometric parameters of rotating devices.

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

A methodology of parallel numerical and in-situ modeling and research has been chosen, which
is accepted as a standard for scientific research in most leading schools in the world. The methodology
fully corresponds to the set goal and allows solving the tasks of the dissertation.

4. Brief analytical characterization of the nature and assessment of the reliability of the
material on which the contributions of the dissertation are built.
The work includes a significant amount of experimental and numerical research. The research
and conclusions relating to:
- influence of the design and operating parameters on the combustion efficiency of an injected
rotating jet;
- gas dynamics of an injected rotating jet in a confined space under isothermal conditions;
- numerical study of a combustion process in a confined space of an injected rotating jet.




The method of regression analysis of experimental data and planning of the experiment, as well
as the statistical processing of the results, has been very well mastered. As a result, at the end of
Chapter 3, two regression equations have been obtained, which have been analyzed and presented
graphically.

An exceptionally large amount of work has been done on full-scale experiments of an injected
rotating jet in a confined space under isothermal conditions. The research was carried out using
classical methodology, but with modern and accurate measuring instruments. The results were
processed and the graphs of the velocity fields along the length of the studied space are presented in
the appendix to the dissertation.

A very detailed, creative and analytical numerical study of a combustion process in a limited
space of an injected rotating jet was carried out. The doctoral student shows that he has mastered
numerical modeling using FLUENT. The built models are adequate, the obtained results are correct
and consistent with full-scale and foreign numerical studies. The graphs of the velocity fields obtained
from the numerical studies are presented in the appendix to the dissertation.

5. Scientific and/or applied scientific contributions of the dissertation:

The achieved results, the conclusions drawn and the five applied scientific contributions stated in
the dissertation are well-reasoned and correctly formulated.

[ accept the contributions stated and formulated by the doctoral student as credible.

6. Assessment of the degree of the doctoral student's personal participation in the
contributions.
There are several categorical evidences of the personal authorship of the doctoral student in each
element of the work:
- the results presented in the work - in tabular and graphical form;
- the developed models - numerical and experimental;
- the publications made in the course of developing the dissertation;
- the summary, formulation and analysis of the results;
- my personal observations on the work of the doctoral student.
This gives me reason to state that the achieved results and contributions in the dissertation are
the personal work of the doctoral student, achieved under the guidance of the scientific supervisor.

7. Opinions, recommendations and notes.

I have no comments of a principled nature regarding the presented dissertation. The technical,
terminological and spelling errors in the dissertation work noted in my preliminary opinion have been
eliminated.

I recommend that the PhD student, in future research and publications on the topic, present the
results for quantities obtained from physical and numerical experiments under the same conditions on
a single graph. This will allow them to be compared and evaluated more easily and a conclusion can be
drawn about the adequacy of the model.

8. Conclusion.

An extremely large amount of work has been carried out on both the field and numerical study of
an injected rotating jet. Without going into further details in the presented dissertation, I will note the
following:




1. The educational goals necessary for a doctoral thesis have been achieved. Undoubtedly, the
author has significantly improved his qualifications and has proven his ability to plan and conduct field
and numerical experiments. He has mastered and applied modern knowledge in the field of modeling
and simulation of processes. In this way, he has made significant progress in his professional growth.

2. Considering the stated scientific and applied contributions, I can confirm that the scientific
part of the dissertation has also been completed.

In conclusion, the above gives me reason to positively evaluate the presented dissertation work
and to propose to the esteemed scientific jury to

award the educational and scientific degree “Doctor of Philosophy”
to Assist. Prof. MSc. Eng. Ivan Antonov Petrov

in the scientific specialty Theoretical Heat Engineering, Professional field 5.4. , Energetics®.

02. 12. 2025 Preparsd the opiniomn; cewssesmmsmmmsemmsen
Sliven (Prof. Koycho Atanasov, PhD)




