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PEIMEH3UA

BbPXY JMCEPTALMOHEH TPY/ 3a Mpua00MBaHe Ha oOpa3oBaTe/iHa U HayuHa CTereH
,.J1okTOp* BbB BBMY ,H. 1. Banuapos” — Bapha,
npodecuonanHo HanpapyieHue 5.5 ,, TpaHcnopt, kopaborniaBaHe 1 aBUalus,
Hay4Ha cnenuanHoct: 02.03.05. ,,Kopabuu cusnoBu ypenou, MalllMHU U MeXaHu3Mu”

ABTOp HaA JHCcePTANMOHHUS TPYA: ac. uHXK. boraan Jlumurtpos lllonos

Tema Ha qucepTanuOHHMS TPYA: “EKCIEpUMEHTAIHO CTATUCTHUECKO M3CIeBaHE U
METOM 3a M0A00psIBaHEe Ha EKOJIOTMYHUTE XapaKTEPUCTUKU C TTOMOILTA Ha alITEePHATUBHU
ropuBa B KOpaOHUTE IM3€JOBU JIBUTATEIU™

M3roTBu. penensusita: npod. 1-p urx. Jumursp Hopaanos Jlumurpakues, BBMY
»H. Y. Banuapos* — rp. Bapna

1. AKTya/THOCT Ha pa3paboTeHHUsl AUCEPTALHOHEH TPYA

boragan Jlumutpos Illonos e mgokTopaHT ,.,cB000aHa hopMa” kbM KaTeapa ,,KMM™
Ha BBMY ,, H. 1. Banuapos ” ot 2021 r. u e oTuMcieH ¢ NpaBo Ha 3auiuTa. B
NPEeACTaBEHHUs] 3a PEeLEH3UpaHe JUMCepTAalMOHEH TPYJ Ce pasrjiexaa Bce Mo-Hajaraijara ce
HEOOXOMMOCT OT CbOOpa3siBaHe € EKOJIOTMYHMS (akTop Npu padoTara Ha KOpaOHHUTE
JM3eNI0BU  ABUraTenu. JlucepTalMOHHUAT TPYA € aKUEHTHpaH BbPXY EKCIEPUMEHTATHO
CTaTUCTHYECKO M3CJIeIBAaHE U METOJH 3a NMOJ0OpPsABaHEe HA €KOJOTMYHHUTE XapaKTepUCTUKHU C
NOMOLITA Ha alITEPHATUBHU ropruBa. IMEHHO nopaay ToBa HacTosLaTa AUcCepTallis MoCTaBs

Ha JHEBEH pe€J aKTyaJlHU KbM MOMEHTa HpOGJ’[CMI/I U MPUJIOKKUMHU B MpaKTUKaTta METOIMU 3a



HamaJlsiBaHE HUBATa Ha BPEJHUTE EMUCHH.

PazpaGotkata e ¢ obem ot 135 crpanuuu u ce 6Gasupa Ha 99 nureparypHu
u3rouynuka. IIpeobaanasamara yact oT TAX ca OT MOCIEAHOTO JECETHJIETHE M OTpassiBar
CbBPEMEHHUTE TE€H/IEHIIMH NIPY M3C/IE/IBAHE HA BPEJHUTE EMUCUH B OTPAaOOTHIIMTE ra3oBe Ha
JBUTaTeNIuTE ¢ BbTPELIHO ropeHe. CTpyKTypaTa Ha auceprauusTa 00xXBaiia 4eTUpU OCHOBHH
rnasu. ITbpBata e o030pHa Mo XapakTep M TNpEACTaBsi CbCTOSHUETO Ha W3CJIEIBAHUS
npoGsieM. BeB BTOpa ry1aBa ce MpeAcTaBs M3CIEABaHE BIMSAHUETO HA [M3EJOBUTE FOpUBA U
CMECH BBPXY EKOJOIMYHWTE [OKa3aTe/l B 3aBMCMMOCT OT HATOBAapBaHETO Ha KopabeH
ausenoB jeurarell. Tpera riaBa MNpeaCTaBs KOJMYECTBEH aHAIW3 M CpaBHEHHE Ha
OTHOCHUTE/IHMTE BJIMSHUS HA CMEC OT PACTUTENHO OJIMO, JM3EJI0BO TOPMBO M OMOETaHOJ
BBPXY €KOJIOTMYHUTE rokasaresnu NPy pas3/IiuH¥ HATOBApBaHWA Ha jBuratens. YerBbpra
rnapa oOXBallla M3C/€[BaHE Ha BIMSHMETO Ha BOJOPOJAHATA Ta30/M3€/IOBa CMEC BBPXY
€KOJIOTMYHUTE XapaKTePUCTUKU Ha KOpaOeH I13€e/10B JIBUraTell.

MKoHOMHMATA Ha eHeprusi ¥ MOHMIKABAHETO HA BPEAHUTE €MUCHU B OTPabOTHIIMTE
rasoBe ca €JHU OT Hal-BaXHUTE MPOOIEMM 3a KOpaOHUTE AU3€I0BU ABMraread. MolHuTe
JM3E€/I0BM  JIBUIaTeIM, C KOWUTO pasnojarat KopaOuTe, ca €IHM OT Hal-roieMuTe
3aMBbPCUTEIH.

B nMceprauMoHHMS CH TPy AOKTOPAaHTBT € OObpHaJl BHUMAaHWE MMEHHO Ha
npobieMa ChC 3aMbPCABAHETO U Mpejulara BapuaHT 3a HaMaIsIBAHETO MY 4pe3 MUKCHpaHe Ha

JAW3€EJIOBU IrOpurBa. Or Hay4Ha U NNpaKkTU4YeCKa HaCOKa TeéMata € aKTyaJiHa.

2. Ilo3HaBa JM [JWCEPTAHTHT CHCTOSIHHETO HAa MNpodJjeMa W OLEHsiBA JIH
TBOPYECKH JHTEPATYPHUS MaTepHaa?

Cyuram, ye aBTOPHT Ha MPEJCTABEHUS] MU JAUCEPTALMOHEH TPy € A00pe 3armo3Hat
cbe npobaemMute npu pabota ¢ MOIIHM KOpaOHW au3esioBu aBurartend. Kakto e mocoyeHo

10-rope, aBTOPbT € Mo3Bai 99, CpaBHUTETHO HOBH, JTUTEPATYPHU U3TOUYHHKA.

3. H30panara MeroauMka Ha H3cJeIBaHe MOKe JIM [Ja Jajae OTroBOp Ha
NOCTABEHATA 1eJl H 321a4i HA IMCePTALMOHHMS TPYA?

ObGexT Ha wm3caenBane ca jBa jsurarens (SKL 3NVD24 u nusen-reneparop
Lepkunc™ J13900) npu MUKCUMpaHe Ha OU3€J10BU TOPUBHUA CMECH M U3CJI€/IBaHE HAa HUBATa
Ha CO, NO u NOy B oTpaGoTHIMTE ra3oBe.

HpeumeT Ha  H3CJIeABaHE. HpCIIMCT Ha wU3cjeaBaHe CcCa CKOJIOTMYHHUTE



XapaKTCPpUCTHUKU Ha KOMITAYHAUPAHUTE roOpruBa Ype3 USBLPLICHU TECTOBU U3IIUTAHUSA.

Ien u 3a1a9K Aa JHCEPTANMATA

llenTa Ha nNpOBEOEHOTO M3CJIEABAHE C JBara [JBMrateis € Ja C€ YCTaHOBST
temneparypute Tg u cxoraémme HuBa Ha CO, NO, (NOX) B 0TpaOOTH/IMTE ra30Be U Jia ce
YCTaHOBHM MpPU KaKBO HMBO HAa HATOBapBaHE Ha reHeparopa Ouxa ce OTAEIMIM MUHUMAJIHU
HMBA HAa OCHOBHUTE BPE/IHM EMUCUH B OTPAOOTHIIMTE ra3ose.

ExcnepumenTst ¢ apuraten ,,SKL 3NVD24* e u3BbplieH npu HOMUHaJIHA 4€CTOTa Ha
BbPTEHE ¥ HOMUHA/IHO HATOBApBaHE NPU MOJAABaHE HA ra30-BOJOPOIHA CMEC.
3a MOCTUraHe Ha LeJITa ce pellaBaT CICAHUTE OCHOBHH 3a1a4H:
- Kpartka xapakTepucTuKa Ha ChLIECTBYBALMTE JM3EI0BM U MMUKCHpPAHU IOPUBA U TEXHUTE
0COOEHOCTH.
- Habupane nHa mnoaxoasma wuHdopManus 3a craTMCTHYecko wu3acienBaHe. M30op Ha
MOAXO/AIIA U3MEpBaTeIHa U perucTpyupailia anaparypa.
- M306upaHe Ha METOMOJIOTHS 3a EKCIIEPUMEHTAJIHO CTAaTUCTUYECKO M3C/IeBaHE M OLEHKa
BJIMSHUETO Ha MUKCUPAHUTE JM3€J0BU TOpUBA BbPXY €KOJOTMYHU MapamMeTpH Ha AU3eI0BUTE
JIBUraTesHu.
- AHalM3 Ha BJMSHUETO Ha CTAHIAPTHO [M3EJI0BO BbPXY EKOJIOTMYHUTE MOKa3aTeld Ha
KopabeH au3zenoB apuraresn “Tlepkunc”. KonuuecTeH aHanus.
- M3cnenBane Ha BAMSHUETO Ha KommayHaupaHo ropuso 10% OGuoeranosn, 90% nuzen BbpXy
€KOJIOTMUHMTE MOoKa3aTe/ii Ha kopabeH au3esioB asuraten “Ilepkunc”. KosmyecTBeH aHaaus.
- Uscnenpane Ha BiusHUETO Ha ropuBo 30% pacturtesnHo oauo, 70% cTaHaapTHO AM3EI0BO
BbpPXY €KOJOrMYHUTE MOKasaTeau Ha KopabeH ausenoB asuraren “Tlepkunc”. KosuuecTBeH
aHasu3.
- U3cnenBaHe Ha BIIMSHUETO HA JIM3€J1-BOJIOPOIHA CMEC BHPXY €KOJIOTMUHUTE M0Ka3aTe/Id Ha
kopaben au3zeno asuraten “SKL 3NVD24”. KonuvecTBeH aHauus.

JIOoCTOBEpHOCTTa Ha TMOJIyYEHHTE pe3yJTaTH WM M3BOAM MMAT BaXKHO 3HAYEHHUE I10
OTHOLIEHME Ha U3MOJI3BaHUsl MaTeMaTHYeCKH arnapar U U3BbPLUCHUTE U3UUCIICHUS.

[TonyyeHata npud MpPOBEJEHUTE EKCIIEPUMEHTH HWHGopmauus e obpaboTeHa u
aHaJIM3MpaHa Ype3 MaTeMaTHYeCKUTe METO/M U CPE/ICTBA HAa KOPEJIAlMOHHUS U PErPECHOHEH
aHams. o

B Tasu Bpb3Kka cuMTaMm, Y€ HAlpPaBEHUTE H3CJIEABAHUS, HAa KOUTO C€ TIpajsT

IMPUHOCHUTE, Ca JOCTATBhYHO JOCTOBEPHHU U aICKBATHHU.



MeroaukaTta Ha U3C/I€IBAHETO B AUCEPTAIMOHHHUA TPy € KOMIUJIEKCHA W I103BOJIsABa

peaiM3upaHeTO HA MOCTaAaBEHUTE 3a/1a4u.

4. Hay4ysn, Hay4HO-NPHJIOKHH M MPHJIOKHA NPHHOCH HA TUCEPTALHOHHHS TPY

HpI/ICMaM NPETCHANPAHUTE NMPUHOCHU HaA aBTOpa, KaTO CHUTAM HAyYHUTE MY NPHUHOCHU

3a HAYYHO-NIPUJIOKHH.

Hay4yHo-npu/IoKHH NIPUHOCH

1. Cw3gaeHd ca KayecTBeHH, paboTeld MaTeMaTHYeCKH MOJENM 3a BJMSHUETO Ha:
OOMKHOBEHO JM3€JI0BO TOPUBO; CMEC B ChCTAB 10% Guoerano, 90% nu3en0BO rOPUBO; CMEC
B cberaB 30% onuo, 70% BBbPXY €KOJIOTMYHUTE MOKA3aTed Ha JABUraTesisi B 3aBUCUMOCT OT
HATOBapBaHETO MY. Ha tsxHa Gasa ca OIpezieJieHH CTeNeHTa U HaukHa Ha BJIMSHUE, KaKTO U
MaKcuMaliHaTa (MUHMMaJIHA) CTOMHOCT B 3aBUCUMOCT OT HatoBapBaHeTo Ha KJIJI.

2 OneHeHO € KOJMYECTBEHO BIIMSHMETO Ha KoMnayHaupanute ropuBa: 10 %
o6uoeranon, 90% nuszenoBo ropuBo; 30% oauo, 70% aAKM3e0BO rOpUBO B CPAaBHEHME CbC
CTaHJAPTHOTO AM3EJIOBOTO TOPHMBO BbpPXY EKOJOTMYHMUTE TOKa3aTe/Jd Ha [BUraresis B
3aBHCHMOCT OT HATOBapBaHETO MY.

3. Cp3naieHn ca ypaBHEHHMsS M ca OINpEJesIeHHM BPB3KUTE MEXAY EKOJOrMYHUTE
nokasatesid (T, CO, NO) npu cranaapTHO JU3e/10BO ropuBo; ropuBo 10 % 6uoeranon, 90%
JIM3€JI0BO ropuB0O; ropuBo 30% osno, 70% au3eaoBo ropuso.

4. Ch3/1a/ieHM ca Ka4eCTBEHH MaTeMaTUUeCKH MOJIEIM Ha 3aBUCUMOCTTA TOK- BOJOPOIHA
ra3 Ha BOJOpOJHATa KJEeTKa; BJIMSHWE Ha OTHOLIEHWETO BOAOpOAHA ras/auzen %, BBPXY
exonornynute nokasarenu (CO, CO2, NO, O2, gA, Eta u LAMBDA) Ha kopaOeH au3€/I0B
JIBUTATE.

5. OnpenesnieHy ca eKCTpeMaIHUTe CTOMHOCTH Ha BJIMSIHUE HA OTHOLLIEHMETO BOJOPOHA

ras/nusen B 00JaCTTa Ha U3CJIeIBAHUTE EKCIJI0aTalMOHHU peXUMHU.

IIpuaoxHu npuHOCH

1. Cw3naneHu ca ruiad 3a JabopaTOpHU U3NMUTAHUS U UHGOPMALIMOHHO OCUIypsIBaHE Ha
eKCMEepUMEHTATHUTE U3CIIC/IBaHUSI.
2. ExcriepuMeHTalHO ca U3C/eBaHU XapaKTePUCTUKUTE Ha KOMIMayHAUpPaHUTE rOpUBa:

G-10-90, G30-70 u razo-BoJI0po/iHa CMEC.



3. [IpenyioxKeH! ca HOMOrpaMK M aJIrOpUTbM Ha MPUJIOKEHUE, MOJAKPENeH ¢ MpUMep 3a
KBa3WONTUMAJIEH M300p Ha HATOBAapBaHETO B 3aBUCUMOCT OT AOMYCTUMHUTE CTOWHOCTH Ha
€KOJIOTHYHUTE MOKa3aTelH.

4. Pesynratite OT HarnpaBeHUs: EKCIIEPUMEHT U MAaTEMAaTUYECKOTO MOJIEJIMpaHe Morar J1a
nociykar kKaro 0asa"3a IMO-HATATbLUHM HAYYHO-NPUJIOKHU pa3paloTku B 001acTTa Ha
aJITepHATUBHUTE rOPUBA.

5. M3non3BanusaT B HaydyHus ekcriepuMmeHT asuraren “Ilepkunc D3900” e npuBeaeH B
MbJIHA M3MPABHOCT 3a OOYYMTENHUTE HYXIM Ha noauroH “Kapantunara” kbM BBMY —
BapHa.

6. JIBuratensaT uma Bb3MOXKHOCT J1a pabOTH C €KCIIEPUMEHTUPAHUTE CMECH OT rOpUBA C

Lea nonoGps{BaHe C€KOJIOTMYHHUS KJIUMAaT B paﬁona Ha IoJIMroHa.

5. B xakBa cTemneH JHCEPTALMOHHHUSIT TPYA M NPHHOCHTE NPEACTABISABAT JHYHO
AeJ10 Ha JucepTaHTa’?

CMHTaM, Y€ NMPUHOCUTE Ca ACJIO Ha aBTOpa, KaKTO U pa3pa60TKaTa KaTo 1AJ10.

6. IIpenenka Ha My0JIMKANHMHTE O JHCEPTAUMOHHHUSA TPY

[Io Temara Ha JAMCEpPTALIMOHHMS TPy Ca NPUJIOKEHH €1HA CaMOCTOsTEIHA W /iBe
KOJEKTHBHHU MyOJIMKALMK B W3JIaHMATA HA MEXKIYHApOJHU KOH(EpeHLUMH, KaTo ca Cra3eHu
HopmaruBHuTe uznckBanus: 3PACPB, IITI3PACPB u [IpaBuiiHUK 3a npueMaHe U 00y4eHHUE B

JIOKTOpaAHTypa U 3a npua00MBaHe Ha Hay4yHH cTerneHd Ha BBMY , H. 1. Banuapos®.

Hy6nuxauumc OTpa3siBaT OCHOBHW MOMEHTH OT M3CJICABAHETO W PE3YJITATHUTC OT

JMCepTaLMOHHUS TPY .

7. ABTOpedepart

ABTopedepaTbT € OT 32 CTpaHULM, OTrOBaps Ha NPUETHTE W3UCKBaHWs U ChABpPXKA

BCUYKH HEOOXOTUMU KOMITOHEHTH.

8. Ms3nbiHeHHe HA HAYKOMETPHYHH TAHHH



JIOKTOpaHTBT TMOKPUBA HAYKOMETPUYHMTE KpPUTEpPUM 3a nNpuaoOuBaHe Ha
o0pa3oBaTesiHaTa U Hay4yHaTa CTereH ,,JOKTOp™.
[IpenocTaBuii € 3aBbpLIEH AUCEPTALUOHEH TPy, KOMTO € Mojyuus myOauyHOCT
ype3 HarpaBeHUTe MyOJUKALUMK B MEXK/YHAPOJAHU Hay4HU GOpYMH U CIIMCAHMS.
9. 3a0eJ1e’KH U NPEenopPbKH.

Hsmam cbliecTBeHM GeNeKKN KbM JUCEPTALMOHHUSA TPYA.
10. IIpoBepka 3a aBTEHTHYHOCT

JloBepsiBaM ce Ha WM3BbpLIEHAaTa [POBEPKA Ha [AMCEPTALMOHHUS TPyA C
ouManHata 3a cTpaHata yHuBepcuTercka ruiardopma StrikePlagiarism.com., npu kosTo
€ YCTaHOBEHO, 4Ye JucepTalusiTa MOKpUBa OOLIONPUETUTE U3UCKBAHUS 3a JOMYCTUMOCT Ha

3a€MKUTE U B Ta3H éﬁ’fﬂKa HsAMa HaJIMYME Ha IJ1aruaTtCTao.

3AK/IIOYEHUE

Pasrnexxnanara tema e aKTyaliHa. H3BoauTE U TBBbPACHUATA Ca JOKa3aHHU 6€3CﬂOpHO U

KOPEKTHO.

[lpeacraBenara aucepralus OTroBaps Ha HopMmaTtuBHUTE u3MckBaHusi: 3PACPD,
[MTI3PACPB, IlpaBuiHuka 3a npueMaHe U 0O0yuyeHUe B JOKTOPaHTYypa M 3a NpuaoOMBaHE Ha
HaydyHu cremeHd Ha BBMY | H. M. BanuapoB“ M Ha MMHMMAJHMTE HAyKOMETPUYHH
u3MckBaHus. [IpennaraM Ha Hay4yHOTO JXYpH Ja MPUCHAM Ha ac. MHK. boraan JIuMuTpoB
[llornoB oGpazoBatenHarta u HayuHa creneH ,,JJOKTOP* B npodecronanno Hanpasienue 5.5
. TpaHcnopT, kopaboruiaBaHe U aBualus, HayyHa cneuuantoct: 02.03.05. ,, Kopabuu cunosu

ypeadu, MallluHA U MEXaHU3MU ™.

29.052023 PELIEH3EHT ....ovovooeoeeeeeeeeeeeeee
Bapha ' /mpod. a-p unx. 1. Iumurpaxues/
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By Prof. Dimitar Dimitrakiev, PhD

Head of the Department: Exploitation Fleet and Ports

Subject: dissertation for the acquisition of the educational and scientific degree "PhD" in
the field of higher education: professional field 5.5 "Transport, Navigation, and Aviation,"
scientific specialty: 02.03.05 "Marine Power Equipment, Machinery, and Mechanisms.”

Author: Bogd'arilz Bimitrov Shopov

PhD Thesis: EXperin&em‘al statistical research and methods for improving the

environmental characteristics through the use of alternative fuels in marine diesel engines.

Relevance of the dissertation work

Bogdan Dimitrov Shopov is a doctoral student in an independent form of study at the
Department of Marine Engineering and Marine Equipment (MEME) of the Varna Naval
Academy "N. Y. Vaptsarov" since 2021 and has been granted the right to defend his dissertation.
The presented dissertation work examines the increasingly urgent need to consider the ecological
factor in the operation of marine diesel engines. The dissertation work focuses on experimental
statistical research and methods for improving the ecological characteristics using alternative
fuels. Therefore, the current dissertation addresses relevant issues and practical methods for

reducing harmful emissions.



The research is developed on 135 pages and is based on 99 literature sources. The
majority of these sources are from the last decade and reflect contemporary trends in the study of
harmful emissions in exhaust gases of internal combustion engines. The structure of the
dissertation comprises four main chapters. The first chapter provides an overview of the problem
and presents the state of research. The second chapter presents a study on the influence of diesel
fuels and blends on the ecological indicators depending on the load of the marine diesel engine.
The third chapter presents a quantitative analysis and comparison of the impacts of a blend of
vegetable oil, diesel fuel, and bioethanol on the ecological indicators at different engine loads.
The fourth chapter covers a study on the influence of hydrogen-diesel fuel blends on the
ecological characteristics of marine diesel engines.

Energy efficiency and the reduction of harmful emissions in exhaust gases are among the
most important issues for marine diesel engines. The powerful diesel engines found in ships are
significant polluters. In his dissertation work, the PhD student specifically addresses the
environmental issue and proposes a solution by blending diesel fuels. From both a scientific and

practical perspective, the topic is relevant.

Does the author is aware with the problem and evaluate creatively the literary material?

I believe that the author of the dissertation work is well acquainted with the issues related
to work of powerful marine diesel engines. As mentioned above, the author has utilized 99
relatively new literary sources.

Does the chosen research methodology provide an answer to the stated objective and
tasks of the dissertation?

The research focuses on the work of two engines (SKL 3NVD24 and Perkins D3900
diesel generator) with diesel fuel mixtures and examines CO, NO, and NOx levels in the exhaust
gases.

Subject of the research: The subject of the research is the environmental characteristics
of compounded fuels through conducted test experiments.

Objective and tasks of the dissertation: The objective of the conducted research with

the two engines is to deferminé the temperatures TG and the corresponding levels of CO, NO,



(NOx) in the exhaust gases and to find at what generator load are the lowest levels of the main
harmful emissions in the exhaust gases.

The experiment with the SKL 3NVD24 engine was performed at nominal rotational speed
and load while supplying a gas-hydrogen mixture. The following main tasks are addressed to
achieve the objective:

- Brief characteristics of existing diesel and blended fuels and their peculiarities.

- Acquisition of suitable information for statistical research. Selection of appropriate

measuring and recording equipment.

- Selection of methodology for experimental statistical research and assessment of the

influence of blended diesel fuels on the ecological parameters of diesel engines.

- Analysis of the influence of standard diesel fuel on the ecological indicators of the

Perkins marine diesel engine. Quantitative analysis.

- Investigation of the impact of compounded fuel (10% bioethanol, 90% diesel) on the

ecological indicators of the Perkins marine diesel engine. Quantitative analysis.

- Investigation of the impact of fuel (30% vegetable oil, 70% standard diesel) on the

ecological indicators of the Perkins marine diesel engine. Quantitative analysis.

- Investigation of the impact of diesel-hydrogen mixture on the ecological indicators of

the SKL 3NVD24 marine diesel engine. Quantitative analysis.

The reliability of the obtained results and conclusions is of great importance regarding the
mathematical apparatus used and the calculations performed. The information obtained from the
conducted experiments has been processed and analyzed using mathematical methods and tools
of correlation and regression analysis.

In this regard, I bglieve that the conducted research, on which the contributions are built,
is sufficiently reliable and adequate. The methodology used in the dissertation is comprehensive

and allows for the realization of the set objectives.

4.Scientific, scientific-practical, and practical contributions of the dissertation work:

Scientific-practical contributions:

Quality, functional mathematical models have been created to study the impact of: regular
diesel fuel, a mixture of 10% bioethanol and 90% diesel fuel, a mixture of 30% oil and 70%

diesel fuel on the engine's environmental indicators depending on its load. Based on these



models, the degree and manner of influence, as well as the maximum (minimum) values
depending on the load of the marine diesel engine, have been determined.

The quantitative influence of compounded fuels, such as a 10% bioethanol and 90%
diesel fuel mixture, and a 30% oil and 70% diesel fuel mixture, compared to standard diesel fuel
on the engine's environmental indicators, has been evaluated at different load conditions.

Equations and relationships between the environmental indicators (Tdw, CO, NO) have
been established for standard diesel fuel, a 10% bioethanol and 90% diesel fuel mixture, and a
30% oil and 70% diesel fuel mixture.

Quality mathematical models have been developed to analyze the relationship between
current-hydrogen gas and the hydrogen cell, as well as the impact of the hydrogen gas/diesel fuel
ratio on the environmental indicators (CO, CO2, NO, 02, gA, Eta, and LAMBDA) of the marine
diesel engine.

Extreme values of the influence of the hydrogen gas/diesel fuel ratio in the investigated

operating regimes have been determined.

Practical contributions:

A laboratory testing plan and information support for experimental research have been
developed. ;

The characteristics of compounded fuels, such as G-10-90, G30-70, and gas-hydrogen
mixture, have been experimentally investigated.

Nomograms and an application algorithm, supported by an example for quasi-optimal
selection of engine load based on permissible values of environmental indicators, have been
proposed.

The results of the conducted experiments and mathematical modeling can serve as a basis
for further scientific and applied research in the field of alternative fuels.

The Perkins D3900 engine used in the scientific experiment is fully operational for
training purposes at the "Karantina" training ground of VVMU - Varna.

The engine has the ability to operate with the experimented fuel blends to improve the

environmental climate in the area of the training ground.



5. Extent to which the dissertation work and contributions represent the author's
personal achievement
I consider the contributions are author's own work, as well as the overall development of

the dissertation.

6. Evaluation of the publications related to the dissertation work:
One independent and two collective publications in international conference proceedings
have been applied to the dissertation topic, in accordance with all requirements and laws. The

publications reflect the key aspects of the research and the results of the dissertation work.

7. Summary (Author's Abstract)
The author's abstract consists of 32 pages, meets the required standards and contains all

the necessary components.

8. Fulfillment of scientometric data
The doctoral student meets the scientometric criteria for obtaining the educational and
scientific degree of "Doctor." They have submitted a completed dissertation work, which has

gained visibility through the publications in international scientific forums and journals.

9. Remarks and recommendations

I have no significant remarks regarding the dissertation work.

10. Authenticity check
I trust the conducted verification of the dissertation work using the official university
platform, StrikePlagiarism.com, which confirmed that the dissertation meets the accepted

requirements for citations and does not contain any plagiarism.

CONCLUSION
The discussed topic is relevant, and the conclusions and statements are indisputably and
accurately proven. The presented dissertation meets the regulatory requirements of the laws in

Republic Bulgaria, the Regulation for Admission and Education in Doctoral Programs, and the



Acquisition of Academic Degrees at VVMU "N. Y. Vaptsarov," as well as the minimum
scientometric requirements. I propose to the respected members of the Sdientific jury to award
Ass. Eng. Bogdan Dimitrov Shopov the educational and scientific degree "DOCTOR" in the
professional field 5.5 "Transport, Navigation, and Aviation," scientific specialty: 02.03.05

"Marine Power Equipment, Machinery, and Mechanisms."

29.05. 2023 T SLISTTTTRRRPSTTIITINEE
Varna _ /Prof. D. Dimitrakiev, PhD/



