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FOPMBHUA NPOLEC B EHEPTUIAHM NApOreHepaTopu, U3rapAawm Bbranwa”

PeueH3eHT: npod. A-p MHXK. umuTtbp AHrenos MNonos — TY-Codua

1. AKTya/IHOCT Ha pa3paboTeHus B AUCEPTALLMOHHUA TPYA Npo6iem B HAy4YHO U Hay4HO-
NPUNOXKHO 3HAYEHHe.

Hail-BaxXHMAT cOBCTBEH eHeprMeH pecypc Ha Penybavka bBbarapua ca mecTHuTe
HUCKOKAQYeCTBEHM JIMTHUTHU BBIMWLA C BUCOKO CbAbpKaHMe Ha caApa. Te ca CPaBHUTENHO
€BTMHM W B pPe3ynTaT ce ABABAT ropuBHaTa 6a3a Ha HAKOAKO mowHu TELL. OT apyra ctpaHa
TAXHOTO M3rapAHETO B EHEPrMMHUTE NApOreHepaTopu e CBbP3aHO C OTAENAHETO HA 3HAYUTENTHO
KO/IMYECTBO BPEAHU eMUCUM B OKOJIHATa Cpefa BKIOYBALLN: CEPHU OKCUAM U a30THU OKCUAM,
Bbr1epoaeH oKcua, Npax, TEXKKN MeTanu, NapHUKOBM ra3oBe, Xxnopuau u gayopuam u ap.

B AMcepTauMOHHUA TPya, OCHOBHUAT POKYC Ha M3CNeABaHMATA € PeayKUMATa Ha a30THUTe
okcuan. C ToBa Ce Uenn yAoBNETBOPSIBAHETO HA BCE MO-CTPOrMTE M3UCKBAHMATA Ha
€BPONENCcKUTe UHCTUTYLUMM 33 OrpaHWYaBaHe Ha BPeaHUTE eMWUCUU OT FONeMUTE TFOPUBHM
MHCTanaummn. 3a pelwaBaHEeTo Ha Tasu 3343a4a ce NpoBeAeHN TEOPETUYHU U eKCMEPUMEHTA/THU
M3CNenBaHUA Ha B/IMAHMETO Ha Pas/IMyHM GAKTOPU BbPXY FOPUBHMA MPOLLEC B €HEPrUiHM
naporeHepaTopu Npu U3rapaHeTo Ha BbIAULLA. M3BbpLUEHN ca NpoyyYBaHe, U3cnenBaHe, aHaIu3
N BHeApABAaHE Ha TEXHONOTMYHM PELUeHMA BOAELM A0 noaobpsaBaHe Ha rOPMBHUS MpoLEC U
rapaHTMpaHe Ha HUCKOEMUCUOHHO a30THO ropeHe.

C ornepn Ha ropenoco4YeHoTo, pa3paboTBaHMTe B AucepTauuaTa Npobaemu ca akTyaiHu U
MMaT Ba)KHO Hay4YHO-MPUIOXKHO 3HAYEHME, TbIl KaTo Te B rosiiMa CTerneH KacasT Hama/siBaHeTo
Ha eMUCUUTe Ha BpPeaHOCTU NPU UKOHOMMUMYHOTO M3rapAHe Ha AUTHUTHU Bbranwa B TEL, oT
Komnaekca ,Mapuua-nustok®.

2. CreneH Ha NO3HaBaHe CbCTOAHUETO HA NPobaema M TBOpUYeCKa MHTepnpeTauma Ha
NUTEepaTypHMA matepman.

MpeacTtaBeHUAT AncepTaunoHeH Tpya e B obem 206 cTp. CbabprKaHUETO € pasnpeaesneHo B
OCEeM [/1aBW, 3aKNHOUMUTENHA YacT , NPUNOXKEHNs U bBubnnorpaduma. YBoaHaTta 4yacT € BK/IOYEHa B
rnasa nbpsa. B npunoxkeHue 1 ca onucaHu nyb6anKkaummte no anceprtaumsaTa ( 6 6p.). bubnmo-
rpaduata BkaoYBa 158 n3toyHmKa, ot Komto 110 6p. Ha AHINMINCKM €3MK 1 3 Bp. Ha PYCKKN e3UK.



M3y4yeHUTe OT AOKTOpAHTa /IMTEPATYPHU M3TOYHMLM MOKPMBAT AOCTAaTbYHO 3a4bN6OYEHO
npobnemaTvkata, npegMeT Ha AWCEPTALMOHHUA Tpys. YCTAaHOBEHO e, Yye 3a eHepruihHuTe
MapureHepaTopu B e/1eKTPOLLEHTPANUTe, paboTewm Ha BbIANUWA, KOHOUIypaumaTa Ha NeLTa,
TUNa Ha ropenkata W TUNa BbI/IMLLA MMAT FONAMO Bb3LEWCTBME BbPXY FOPUBHUA NPOLLEC;
cnepoBaTenHo Te3n GaKTopu BAUAAT CUNHO HA reHepupaHuTe emmcumn Ha NOKX.

OT4eTeH e GaKTbT Ye NMO-MasIKOoTO KO/IMYECTBO OPraHM3MpaHo NoaasaH Bb3ayx, 06yc/0BeHO
OT NOo-MaJjikaTa CTOMHOCT Ha M3/NWBK Ha Bb3AyX, AONPUHacA 3a no-b6orata Ha ropuMBO CMecC B
obema Ha newiTa, KOATO Ce ABABA PeAyKUMOHHA cpeaa 3a a30THUTE okcuan. OrpaHMYaBaHeTo
Ha KO/IMYeCTBOTO OpraHM3MpaHo noaaBaH Bb3ayx obaue Boau cies cebe cu A0 yBeIMYaBaHe Ha
HEeM3ropsAio0To ropmneo. M3seaeHn ca HaCOKM 3a pelasaHe Ha To3u npobaem, Yypes nogasaHe Ha
HaZropmseH Bb34yX Ha HAKOJIKO HMBA MO BMCOYMHATa Ha NewjHaTa Kamepa.

3. CvoteetcTBMe Ha u3bpaHaTa MeTOAMKa Ha U3caeaBaHe C NoCcTaBeHaTa Len U 3agaum
Ha AUCepPTauMOHHUA TPYA,.

OT M310XKEHOTO B ANCEPTALMOHHMUA TPYA CTaBa ACHO, Y€ KaHANAATHLT Mb/HOLEHHO OLLEeHABA
3HAYMMOCTTa Ha Pa3/IMYHM QaKTOPM OKasBalUY BAMAHME BbPXY FOPUBHMA MPOLEC B MOLLHUTE
€HEepPrnuiMHN NaporeHepaTopu M3rapsAln JUITHUTHU Bbravwa. B guceptauuaTa ca CbCTaBeEHMU
MaTeEMaTMYHM MOZeNIM Ha ABETE OCHOBHM KOMMOHEHTM Ha MOLLEH eHeprnmeH naporeHepaTop,
MMaLLM  OTHOWEHME KbM ePeKTUBHMA U  HUCKOEMUCMOHEH T[OpuMBEeH npouec —
npaxonpuroTeALLAaTa cCUCTEMA M MelHaTa Kamepa. 3a uenTa e M3Mnon3BaH CbOTBETCTBALL Ha
C/IOXKHOCTTA Ha 3aJa4nTe NnporpameH NpoaykT, B cayydaa ANSYS.

N3bpaHaTa MeTogMKa Ha M3c/iefBaHMATA HaMb/AHO CbOTBETCTBA Ha MOCTAaBeHaTa LUen U
3a/la4M Ha AMCepPTAUMOHHUA Tpya. MaTeMaTUYHOTO onMcaHue BKYBA TypOyneHTHU Moaenu,
MOZENN Ha U3rapsaHeTo Ha BbI/MLLA B ra3oBa cpega M MogennpaHe Ha popmupaHeto Ha NOx, B
newHaTa kamepa. Lludpposute moaenu ca BanmampaHu.

B pesyntat Ha npoBeAeHMA C MaTeMaTUYyHUTE MOLENM aHaAM3 Cca NpPeasioXKeHM
KOHCTPYKTUBHU U3MEHEHMA HAa NPaxonpuroTeaLLaTa cuctema C Len nogobpssaHe Ha ropuMBHUA
NPoLec M rapaHTMpaHe Ha HUCKOEMMCMOHHO a30THO ropeHe. EdeKkTuTe OT M3BbpLIEHATa
PEKOHCTPYKLUMSA Ca OLEHEHM C YUCAEHM W HATYpHU eKcnepumeHTW.  Pesyntatute ca
NONOXKUTENHU, GaKT KOWTO ce NoaKpens u oT AseTe pedepeHLMM NpeacTaBeHn B NpunoxeHue
4

4. KpaTKa aHa/IMTUYHA XapaKTepUCTMKa Ha eCTeCTBOTO U OL,eHKA Ha AOCTOBEPHOCTTA Ha
maTepuana, BbpXy KOMTO ce rpagAaT NPUHOCUTE HA AUCEPTALMOHHMUA TPYA,.

[OKTOpPaHTBLT e npeactasun NoApobHO M AOCTAaTbYHO TOYHO OMUCAHME Ha obekTa Ha
n3cnedBaHMATa - MOLWEH eHeprMeH naporeHepaTop OT pa3noaoxKeHuTe Takuea B TEL, ot
Komnaekca ,Mapuua-ustok”. [peactaBeHW ca CBEAEHMA 33 KOHCTPYKTUBHUTE 0COGEHOCTM
ropuBHUTE ypeabu Ha naporeHepatopu Tmn M-62 1 aHaNn3 Ha TAXHOTO Pa3BUTUE BB BPEMETO.

TeopeTnyHM aHanM3, KakTo 6e MoCcoYeHOo Mo-rope ce OCHOBaBa Ha WM3MON3BAHETO Ha
NnonynApeH 1 AoKasan ce B MHOrobponHN noaobHu uscnenBaHma coptyep, pecn. NporpamHms
npoayKT ANSYS. [lobpe M3BECTHU Ca HEroBMUTE Bb3MOXKHOCTM 33 CUMYNALUMOHHO MOAENUpPAHE
Ha NaMMHAPHU U TYypOYNEHTHM MOTOUM, TONNOOBMEH, KaKTO M B CbYe€TaHUE C AOMbAHUTENHU



MOZEeNn KaTo Hanpumep TakMBa 3a MHorodasoBM NOTOLM, TFOPMBHWM Npouecu w ap.
dopmMpPaHETO N MEPKUTE 3a pPeayKLMA Ha a30THUTE OKCUAM Ca U3CNeaBaHN NOCAeL0BaTeNIHO U
3a4bNO0OYEHO C aHANU3M HA NpOLLeCUTE B MPAXONPUroTBALLATA CUCTEMA M MNELLHATa Kamepa Ha
naporeHepaTopa.

Pe3yl'|TaTMTe OT 4YUCNeHUTE eKCnepMmMeHTn CbC CbCTaBEHUTE MaATEMATUYHU MOLENU
CbBMNagat C roanAama CrteneH Ha TOYHOCT C pPe3yntatnte OT eKCnepumeHTa/lHU U3IMepPBaHUA.
I'openocoquOTo NOKa3Ba 4e€ NpPpUHOCUTE B ANCEPTALNOHHUA TPpyL Ce€ U3BEAEHN B PE3YNTAT Ha
a4EeKBATHU N AOCTOBEPHU MaTepHnaan n noaxoau.

5. HayyHu n/unmn HayuyHONPUNONKHU NPUHOCU HA AUCEPTALMOHHUA TPYA

Bb3 ocHOBa npoBegeHUTE U3CNeABaHUA Ca NPEASIOKEHM U Peanns3mpaH KOHCTPYKTUBHU U
TEXHONOTMYHU M3MEHEHMA Ha MOLLEH €eHeprMeH naporeHepaTop C uen nogobpasaHe Ha
FOPMBHMA MNPOLEC W TrapaHTUpaHe Ha HWUCKOEMWUCMOHHO a30THO T[OpPEeHe, BKAHYBALLM
YCbBbPLIEHCTBAHE Ha €1eMEHTU Ha MNPaxonpuroTeAwWaTa cMcTema M MNpomaHa paboTHuA
PEeXMM Ha naporeHepaTopa, Penc. HamansBaHe Ha KOAMYECTBOTO OPraHW3MpaHo MoAasaH
Bb34yX M pasnpeaeneHMeTo Ha Bb3dyxa No BMCOYMHA Ha NelwHaTa Kamepa. Pesyntatute ot
ropenocoYeHnTe M3MEHEHUA Ca OLEHEHM MNOJIOXKUTENHO OT He3aBMcMma nabopaTopusa ypes
NpoBeXAaHe Ha cepus OT U3NUTAHUA B NPOMMULLIEHUSA YCNOBUA.

C ornep, Ha ropenoco4YeHOTO C/ie[Ba Aa Ce NOTBBbPAAT A4OCTAaTbY4HO 0OOCHOBAHO U3N0XKEHUTE
B AMcepTauMATa MNpeTeHUMU 33 HAYYHU-IPUIOKEHU U WHKEPHO-MPUNOKHU MPUHOCK, A
UMEHHO:
e Cb3aaBaHETO HAa CMMYJTALMOHHU MOgenu 3a uscnenBaHe paboTtata Ha OCHOBHU CUCTEMM
Ha MOLWHM EHEepPruiHNU NaporeHepaTopyn M3rapAWM HUCKOKAYECTBEHU JIMTHUTHMU
BBM/IMLLA BKHOYBALLM MPAXONPUrOTBALLN CUCTEMU, TOPUBHM ypeabun n newHn Kamepu
e PaspaboTtBaHeTo Ha UMPPOB CMMyNALMOHEH MoAen 3a u3cnegBaHe GOPMUPAHETO HA
A30THU OKCUAW MPU M3rapAaHe Ha OBArapCKU NIMFTHUTHU BbrAKMwWa oT baceitHa "Mapuua
M3TOK” B NewHaTa Kamepa Ha naporeHepatopu tmn M-62 B TEL, ,,Mapuua U3TOK 2”.
e HanpaBeHUTe Hay4HO 06OCHOBaHM NpeAsiOKEeHMA 3a peayumpaHe Ha dopmupalmTe ce
A30THM OKCUAM B MeLHaTa Kamepa Ha naporeHepatop Tmn [1-62;
e PeanusnpaHaTa € pPEKOHCTPYKUMA Ha naporeHepatopu Tun [1-62 noKpusala
M3NCKBaHETO 3a nopobpaABaHe Ha FOPMBHMA MPOLEC M NOKPMBAHE Ha HAW-HOBUTE
€KONOTMYHU U3NCKBAHMA 3@ U3XBBPAAHUTE B aTmochepaTa asoTHU OKCUAaK;

Taka onucaHuTe NPMHOCUTE MMAT BaXKHO 3HAYEHMeE 33 U3Y4YBAHETO U Pa3BUTUETO Ha
eHepronpeobpasyBally TeXHOIOTMK U cuctemn B TELL.

6. OueHKa 3a cTeneHTa Ha JINYHOTO yyacTtue Ha guceptaHTa B NpuHocuTe.

OT U3N10’KEHOTO B ANCEPTALMOHHMA TPy, MO3HABAHETO MU HA U3CNEA0BATENCKUA KONEKTUB
M NNYHO Ha [OKTOpPaHTa Mpe3 roguMHuUTe Ha M3paboTBAaHETO HA TpyAa, CYUTaMm, Ye enHa
3HauuTeNHa M OUX Kasan onpegenAwa 4YacT OT M3CNeABaHUATA Ca HEroBo JWYHU AEeno,
NPOBEAEHM U HAaNpPaBAABaHM OT HEFOBMUA Hay4YeH pbrkosoauTen, npod. ToteB. CBUAETENCTBO 33
FOPHOTO TBBbPAEHME Ca U ABETE CAMOCTOATENHM NyHANKALMM HA AOKTOPAHTA.



7. MNpeueHKa Ha ny6aMKauMuTe No ANCEPTALMOHHUA TPYA

Pe3yl'|TaTMTe OT n3cnegBaHmATa Ca npeacraBeHW B WeCT I'Iy6J'IMKaLI|MM, ABe OT KOUTO Ca
CaMOCTOATENIHU, @ B YETUPU AOOKTOPAHTLT € MNPbB aBTOP. Mo moA npeueHKa, HanpaBeHUTE
I'Iy6l'IMKaLI,MM 0Tpa3ABaT Nb/IHOLEHHO nposegeHnTe uscnegBaHnMA U OCHOBHUTE PE3YNTATWH,
nonyvyeHm B AnCepTalMOHHATA pa60Ta M Cb34aBaT AOCTaTb4HA BUAUMOCT Ha U3CneaABaHUATA.
JdonbaHuTtenHo, AOKTOPAHTBT € NpPUaoXKKUAa CNUCbK C ABageceT U efHa I'Iy6J'IMKaLI,MM no
TEMATUKa CXO04HA C Ta3n NO TéMaTa Ha ANCEPTALLMOHHUNA TPYA.

8. WU3nonsBaHe Ha pe3ynTaTuTe OT AUCEpPaTALMOHHUA TPYA B HAyYHATa M COLMANHATA

nNpaKTUKa.

Kakto 6e nocoyeHo no-rope, pes3yntatute OT NPoOBeAeHUTEe WU3CNeABaHUA Ca HaMepuau
KOHKPETHO W peasiHO MpPaKTUYeCcKo MNpuaoXKeHMe. B To3M cmucbn npeactaBeHaTa
AncepTauMoHHa pabota e B 3HAuMTeNHA CTeneH YHUKanHa, TbM KaTo Kacae npuaaraHeTo Ha
pe3ynTaTM OT TEOPETUYHWU WU3CNeABAHUA BBPXY KOHCTPYKLMATA U PEXMMWUTE HA paboTa Ha
MaLWAOHN NHKEHEPHWN CbOPDBKEHUA.

B omcepTauMOHHMA TPy4 Ca NPeACTaBEHU Pe3ynTaT OT U3NBJAHEHMETO HA HAKOJIKO HAy4HO-
N3cnenoBaTeNICKM [0roBopu. ABTOPBT € OMAN aKTMBEH Y4YaCTHMK B Te3n [0roBopu. Bcuuku
3a/la4M Ca 3aBbPLUMAM C BUCOKA OLEHKA OT CTPaHa Ha Bb3/IOXKUTENA, Tbil KaTO Ca Hamepuan
YCMEeLWHO NPUIOXKEHME MPU eKCNI0ATaUMATA HAa CbOPDBKEHUATA, @ NPeACTaBEHUA TeopeTUYeH
maTepuan e gobpa ocHoBa 3a MO-HATATbLWHO 3agbnboyaBaHe Ha MpuaaraHWAa nogxon npwu
OCbLLECTBABAHETO Ha NoA06HN n3cneaBaHus.

[IOKTOpPaHTBLT ce 3aHMMaBa aKTMBHO W C NpenogasaTtesicka paboTa, pecn. nNosyyeHute ot
Hero 3HaHWA U Hay4YHOM3CNEeA0BATENCKM ONUT We 6bAaT OT NoN3a M Ha CTYAEeHTUTe 0by4YaBaLm
ce no pgucuunanHute ,fOPMBHM TEXHONOTMW B TOMJOEHepreTukata“ u ,EHepruinHm
naporeHepatopu” B TY-Codus.

9. OueHKa Ha CbOTBETCTBUETO HA aBTopedepaTta C MU3UCKBAHMATA 3a U3rOTBAHETO My,
KaKTO M Ha aleKBAaTHOCTTA Ha OTpa3fABaHe Ha OCHOBHUTE MOJIOXKEHUA U NPUHOCUTE HA
ANCEepPTaLUOHHUA TPYA.,

MpeactaBeHUAT aBTopedepat e B 06em oT 32 CTp. TEKCT, CTPYKTYpUpaH B 8 rnasu. MocoveHn
ca 06wo 158 nutepaTypHU U3TOUYHULN, OT KOUTO: 47 Ha Knpuamua n 111 Ha natuHmua.

ABTopedepaTbT 0TpassnBa CbAbPHKATENHO CbLECTBEHN MOMEHTU OT AUCEPTALMOHHMUA TPYa,
CMaseHu ca M3UCKBAHUATA B CbOTBETCTBME C Oobpasela 3a U3roTBAHe Ha aBTopedepaTuTe nNo
ANCepPTaLMOHHUTE TPYAO0BE, MOCOYEH B caliTa "Pa3suTue Ha AC - PaboTHU goKymeHTH".

10. MHeHuA, NnpenopbKu U 6enexxku.

MpeacTtaBeHMA mMaTepyan MMa KayecTBaTa Ha 3aBbpLUEH HayyeH Tpyd, NOCTUrHaTUTe oT
aBTOpa Pe3y/aTaTu Ca BaXKHM M CbAbPMKAT 3HAYMM NPUMHOC BOAEL, A0 PEASTHO HAMaNABAHETO Ha
eMUCUNTE Ha BPeaHOCTU Npu ePeKTUBHOTO OMNOJI30TBOPABAHE Ha JIMTHUTHWUTE BbI/MLLA OT
Komnsekca ,Mapuua-u3Tok”“ B MOLLHWM eHepruiHn naporeHepaTopu.

Mo3HaBaM NIMYHO AOKTOpPAHTa OT CbBMECTHATa HM paboTa B KaTeapa , TonjaoeHepTUKa U
AfApeHa eHepreTka“. JIMYHOTO MU BMeYaT/IeHNe e U3UAIO0 MONOXKUTENHO. B OTHOWeEHMATA C
KOJIernTe Cu e KopekTeH U 406poHaMepPeH, a CbC CTYAEHTUTE BHUMATE/IEH U OT3UBYMB.



11. 3aknoueHue

Cuntam, 4ye npepcTaBeHaTa MW 33 peLeH3sua aAucepTauMoHHa paboTa oTroBapA Ha
M3UCKBAHMATA U KpUTepuuTe 3a nonyvyaBaHe Ha OHC ,pokTop”. OueHKaTa MM 3a NpoBeAeHUTe
nscnenBaHUA U NOCTUTHATUTE Pe3ynTaTh e U3LAN0 NONOXKUTENHA.

C ornepg Ha ropenocoyeHOTo, Npeaaaram Hay4yHOTO Xypu no npoueaypata ga npmcban OHC
»AOKTOP” Ha mar. uHX. bopucnas J/ltobeHoB AHrenos B NpodecrMoHanHO HanpasneHue 5.4.
EHepreTuka, cneumanHoct EHepronpeobpasyBallm TEXHONOTUN U CUCTEMMU.

Hata: 28.04. 2021 PELLEH3EHT:
/npod. a-p XK. AnumuTbp Monos/


Pocu
Rectangle


REVIEW

on a Dissertation for obtaining an educational and scientific degree
"Doctor" in professional field: 5.4 Energy, Specialty "Energy conversion
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Author of the dissertation: M.Sc. Borislav Lyubenov Angelov - Technical University, Sofia
Topic for the dissertation: ,Investigation of the influence of various factors on the combustion
process in power steam generators burning coal”

Reviewer: Prof. Dr. Eng. Dimityr Popov — TU-Sofia

1. Relevance of the development in the dissertation problem in scientific and scientific-
applied meaning.

The most important own energy resource of the Republic of Bulgaria is the local low-quality
lignite coal with high sulfur content. They are relatively cheap and as a result of this they are
the fuel base of several powerful thermal power plants. On the other hand, their combustion in
energy steam generators is associated with the release of significant amounts of harmful
emissions into the environment including: sulfur oxides and nitrogen oxides, carbon monoxide,
dust, heavy metals, greenhouse gases, chlorides and fluorides and others.

In the dissertation the main focus of the research is the reduction of nitrogen oxides. This is
aimed at meeting the increasingly stringent requirements of the European institutions to limit
harmful emissions from large combustion plants. To solve this problem, theoretical and
experimental studies of the influence of various factors on the combustion process in energy
steam generators during coal combustion were conducted. Research, research, analysis and
implementation of technological solutions leading to the improvement of the combustion
process and ensuring low-emission nitrogen combustion have been carried out.

In view of the above, the problems developed in the dissertation are relevant and have
important scientific and applied significance, as they largely concern the reduction of harmful
emissions from the economical combustion of lignite coal in TPPs of the Maritza East complex.

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

The presented dissertation is in the volume of 206 pages. The content is divided into eight
chapters, concluding part, appendices and bibliography. The introductory part is included in
Chapter One. Appendix 1 describes the publications on the dissertation (6 copies). The
bibliography includes 158 sources, of which 110 in English and 3 pcs. in Russian.

The literary sources studied by the doctoral student cover in sufficient depth the issues,
subject of the dissertation. It has been found that for energy steam generators in coal-fired
power plants, the configuration of the furnace, the type of burner and the type of coal have a



great impact on the combustion process; therefore, these factors strongly influence the
generated NOx emissions.

The fact that the smaller amount of organized supply air, due to the smaller value of excess
air, contributes to a richer fuel mixture in the volume of the furnace, which is a reducing
medium for nitrogen oxides. However, limiting the amount of organized air supply leads to an
increase in unburned fuel. Guidelines have been provided to solve this problem by supplying
combustion air at several levels along the height of the furnace chamber.

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

From the stated in the dissertation it is clear that the candidate fully assesses the
importance of various factors influencing the combustion process in powerful energy steam
generators burning lignite. The dissertation contains mathematical models of the two main
components of a powerful energy steam generator, related to the efficient and low-emission
combustion process - the pulverized coal feeding & handling system and the furnace chamber.
For this purpose, a software product corresponding to the complexity of the tasks was used, in
this case ANSYS.

The chosen research methodology fully corresponds to the set goal and objectives of
the dissertation. The mathematical description includes turbulent models, models of coal
combustion in a gaseous medium and modeling of NOx formation in the furnace chamber.
Digital models are validated.

As a result of the analysis performed with the mathematical models, constructive
changes of the pulverized coal feeding & handling system have been proposed in order to
improve the combustion process and guarantee low-emission nitrogen combustion. The effects
of the reconstruction were evaluated by numerical and field experiments. The results are
positive, a fact supported by both references presented in Annex 4

4. Brief analytical description of the nature and assessment of the reliability of the material
on which the contributions of the dissertation are built.

The doctoral student has presented a detailed and sufficiently accurate description of
the object of research - a powerful energy steam generator from those located in the TPP of the
complex "Maritsa East". Information on the design features of the combustion systems of
steam generators type P-62 and analysis of their development over time are presented.

Theoretical analysis, as mentioned above, is based on the use of popular and proven in
numerous similar studies software, resp. ANSYS software product. Its possibilities for simulation
modeling of laminar and turbulent flows, heat exchange, as well as in combination with
additional models such as those for multiphase flows, combustion processes, etc. are well
known. The formation and measures for the reduction of nitrogen oxides have been studied
consistently and thoroughly with analyzes of the processes in the powder preparation system
and the furnace chamber of the steam generator.

The results of numerical experiments with the compiled mathematical models coincide
with a high degree of accuracy with the results of experimental measurements. The above



shows that the contributions to the dissertation are derived as a result of adequate and reliable
materials and approaches.

5. Scientific and / or applied scientific contributions to the dissertation

Based on the conducted research, structural and technological changes of a powerful
energy steam generator have been proposed and realized in order to improve the combustion
process and guarantee low-emission nitrogen combustion, including improvement of elements
of the pulverized coal feeding & handling system and change of the steam generator, rep.
reducing the amount of organized air supply and the distribution of air in the height of the
furnace chamber. The results of the above changes have been positively evaluated by an
independent laboratory by conducting a series of tests in industrial conditions.

In view of the above, the claims for scientific-applied and engineering-applied
contributions set out in the dissertation should be confirmed with sufficient justification,
namely:

e The creation of simulation models for studying the operation of basic systems of
powerful energy steam generators burning low-quality lignite, including the pulverized coal
feeding & handling system, combustion systems and furnace chambers

* The development of a digital simulation model for studying the formation of nitrogen
oxides during the combustion of Bulgarian lignite coal from the Maritza East basin in the
furnace chamber of steam generators type P-62 in TPP Maritza East 2.

* The scientifically substantiated proposals for reduction of the formed nitrogen oxides
in the furnace chamber of a steam generator type P-62;

e Reconstruction of steam generators type P-62 covering the requirement for
improvement of the combustion process and covering the latest environmental requirements
for nitrogen oxides emitted into the atmosphere has been implemented;

The contributions described in this way are important for the study and development of
energy conversion technologies and systems in thermal power plants.

6. Assessment of the degree of personal participation of the dissertation in the
contributions.

From what is stated in the dissertation, my knowledge of the research team and
personally of the doctoral student during the years of work, | believe that a significant and |
would say a decisive part of the research are his personal work, conducted and directed by his
supervisor, Prof. Totev . Evidence of the above statement is two independent publications of
the doctoral student.

7. Evaluation of the publications on the dissertation

The results of the research are presented in six publications, two of which are
independent, and in four the doctoral student is the first author. In my opinion, the publications
fully reflect the research conducted and the main results obtained in the dissertation and
create sufficient visibility of the research. Additionally, the doctoral student has attached a list
of twenty-one publications on topics similar to those on the topic of the dissertation.



8. Use of the results of the dissertation work in the scientific and social practice.

As mentioned above, the results of the research have found concrete and real practical
application. In this sense, the presented dissertation is largely unique, as it concerns the
application of results of theoretical research on the construction and modes of operation of
large-scale engineering facilities.

The dissertation presents the results of the implementation of several research
contracts. The author has been an active participant in these contracts. All tasks were highly
appreciated by the contracting authority, as they have found successful application in the
operation of the facilities, and the presented theoretical material is a good basis for further
deepening of the applied approach in conducting such research.

The doctoral student is also actively involved in teaching, respectively. The knowledge
and research experience gained by him will be useful for students studying in the disciplines
"Fuel technologies in heat energy" and "Energy steam generators" at TU-Sofia.

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

The presented abstract is in a volume of 32 pages of text, structured in 8 chapters. A
total of 158 literary sources are indicated, of which: 47 in Cyrillic and 111 in Latin.

The abstract reflects the content of significant points of the dissertation; the
requirements are met in accordance with the template for the preparation of abstracts of
dissertations, listed on the site "Development of the AC - Working Papers".

10. Opinions, recommendations and notes.

The presented material has the qualities of completed scientific work; the results
achieved by the author are important and contain a significant contribution leading to the real
reduction of emissions from the effective utilization of lignite coal from the complex "Maritsa
East" in powerful energy steam generators.

| know personally the doctoral student from our joint work in the Department of
Thermal Power and Nuclear Energy. My personal impression is entirely positive. He is correct
and well-meaning in his relations with his colleagues, and attentive and responsive with his
students.

11. Conclusion

| believe that the dissertation submitted to me for review meets the requirements and
criteria for obtaining the ESD "Doctor". My assessment of the research and the results achieved
is entirely positive.

In view of the above, | propose that the scientific jury in the procedure to award ESD
"Doctor" to M.Sc. Borislav Lyubenov Angelov in professional direction 5.4. Energy, Specialty
Energy Conversion Technologies and Systems.

Date: 28.04.2021 Reviewer
/Prof. Dimityr Popov Ph.D. /
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