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PEUEH3MA

BbpXy AUCepTauMoHeH Tpya 3a npunobusare Ha obpasosartenHa u HayuHa crenen
JOKTOP"

ABTOp Ha AWCEPTAUMOHHUA TPYA: Mar. uHx. MapTuH ATaHacoB 3MKAMOB

Tema Ha aucepTauuoHHUA Tpya: AepoaMHaAMMYHO NPOEKTUPaHe W W3cneaBaHe Ha
HOCEUM CHCTeMM OT TUNA KPHUIO-BUTNO

PeuensenT: gou. a-p nix. Bnagumup Ceprees Cepbezor

1. AKTyanHocT Ha pa3paboTBaHus B AMCEPTALMOHKKA TPYA npobnem B Hay4yHO U
Hay4YHO-NPUNOXHO OTHOWeEeHKE:

MporpecsT B 06nacTTa Ha eNeKTPUYECKOTO 3aABINKBAHE Ha neTaTenHuTe anaparu (J1A)
AaBa Bb3MOXHOCT 328 peanusupaHe Ha M3KNIYMTENHO WHPOK KDL a8poanHaMUYHK
Cxemu, KOMOMHUPALLW PasMiHK PEXWUMUN Ha NoneT. B ToBa YMCNO BNU3AT U CXeMUTe Ha
xubpuaHu J1A, coueTaBally BEPTUKANHO MANUTAHE M KaLaHe C BMCOKM XapaKTepuCTUKu
Ha kpeWcepcku nonet. OnNpegensHeTo Ha ONTUMANHK CXeMMW 1 KoHdUrypaumn Ha NA B
TO3H KOHTEKCT MMa BaXXHO HaYyYHO-NPUNOXHO 3HaYeHWe.

KOM5MHHD8HOTO npunaraHe Ha pasnyHu U3YUCIMTENHN U EKCNepUMEHTANHN METOAM €
OT 3Ha4eHWe 3a Hay4yHOoTO pa3BuTHe Ha METOAMKWTE Ha aepoaVHaAMUYHK U3CNEeABaHUA.
HokropaHTeT AEMOHCTpUpa npunaraHe U Cb4eTaBaHe Ha ChBPEeMEHHN N3YUCITUTENHN 1
eKCnepuMeHTanHu MeToaun Ha uacnegeasde.

AeduHnpana e KOHKPeTHa ONTUMKU3ALMOHHA 3aAa4a, KOATO e peleHa Ha Basa Ha
pe3ynTaTuTe OT YUCNEHUTE K eKCNepPUMEeHTaNHUTe nacnensaHmns.

2. CreneH Ha no3HaBaHe CLCTOAHMETO Ha Npobnema U TBOPYECKa MHTepnpeTauns
Ha NUTEpaTypHUA Marepuan.

YBOABLT NpeAcTasa obWnA KOHTEKCT U aKTYanHoCT Ha u3bpaHara TemaTuka Ha
AvcepraumsaTa, 6asupaiku ce Ha 10 nUTepaTypHK U3TOYHMKA, NPEAUMHO C 0630peH
xapakrep.

B rnasa 1 gokTopanTLT NbPBO Npasu 0BCTOEH UCTOpHUYECKu npernea Ha JIA umalum
3agswmkBaHe, nogobHo Ha uacneasanoTo B paboTara, cneg KOeTo pasrnexaa u
AOCTaTbLYHO NOAPOBHO NUTEPaTYPHO M3CNeABaHNUA Ha NyBrMKaLMK No CXoaHu
uscnensaHun. 3a uenTa ca paarnegaHu 49 nurepaTtypHiu uatouHuka [11-59]

3. ChorBeTcTBME Ha n3DpaHaTta MeToAMKa Ha u3cneaBaHe i NocTaBeHaTa uen u
3ajaum Ha QMCEepPTaUMOHHMA TPYA C NOCTUIHATUTE NPUHOCH,

UenTta v 3apgaunTe Ha auceprayuaTa ca geduHupaHm B Kpas Ha rnasa 1,

Maea 2 onucea u obocHoBaBa CbCTaBAHETO U pa3paboTkara Ha MeToauKa Ha
nacneasaHeTo.

MpuHocuTe, MaKap U B pasnu4eH pejl, CeOTBETCTBAT Ha NOCTABEHUTE Lienn 1 3ajauun.
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4. Kpatka aHanuTH4yHa XapakTepucTHKa Ha eCTeCTBOTO W OleHKa Ha
AOCTOBEPHOCTTa Ha MaTepuana, BbpXy KOHTO Ce rpafsT NPUHOCKUTE Ha
ANCepTauMoHHUA TpyA.

MaTtepuansT, BbpXy KOITO Ce rPaasT NPUHOCUTE Ha AUCEPTaLMOHHKUA TPYA, MOXe aa ce
pasaenu Ha Tpu 4acTu — 1. nuTepaTypHu AaHHM 3a J1A oT CLOTBETHUS Knac: 2.
Pe3yNTaTi OT YNCNEHUTE eKCNePUMEHTH; 3, Pe3yNTaTh OT eKCIePUMEHTUTE B
aepoanHamuyeH kaHan. OnucaHKeTo UM e AafeHo CbOTBETHO B rnaen 1,3 n 4.

AHanNU3bT Ha NUTEPaTYPHUTE AaHHK € AOCTATLYHO NOAPOBEH HanpaseHara Ha
Herosa 6asa knacucukaums Ha JIA (npuHoc 2.1) € A0CTATEYHO NbAHE W u3yepnarensa.

OnucanusTa Ha CUMYNaLMOHHUTE U3CNESABAHUA U AEPOAUHAMUYHUTE eKcnepumeHTv

AaBaT OCHOBaHWUE Aa Ce CMATA, Y& NOMYHEHUTE YPe3 TAX PE3yNTaTh MMAT BUCOKO HUBO
Ha [OCTOBEPHOCT.

Mpeanoxexara meToguka Ha peluasaHe Ha napameTpuyHara sagaya e gobpe onvcaxa
B rnasa 2.

S. Hay4yHM M HayYHO-NPUIIOXHN NPUHOCH Ha AMCEPTALMOHHUS TPYA:

HokropaHTa e geknapupan 6 Hay4YHO-NPUNOXHN 1 3 NPUNOXHK npuHoca. Mpuemam
NOCOYEHUTE NPUHOCK CHC CneaHuTe 3abenexxu:

- npuHoc 1.4. PaspaboTena e MeToauKa 3a eKcnepuMeHTanHm aepoAnHaMU4HK
W3cneaBaHnA Ypes u3nonssaKe Ha nasepHo-onTU4HKU mMetoau (Particle Image
Velocimetry-PIV )* ve e HagnexHo onucan B Tekcra Ha paborara. Jluncsart ganHu 3a
KOHKPETHM HacTPOWKu Ha PIV cuctemara u UaNONssaHuTe anropuTMK 3a obpaborka Ha
naobpaxeHunTa;

- NpuHoc 2.3."PaspaboTeH e KOHUeNnTyaneH NpoekT Ha pasysHasaTeneH 6esnunoTeH
NA..." e no-npaeunHo aa 6bae hopMynupaH Kato ,nonyvasaxe Ha napameTpu4Hm
3aBVCMMOCTH, NO3BONABALYM KOHLENTYANHOTO NPoeKTUpaHe Ha ..." (Bux T.10 MueHus,
NPEenopbkn 1 Genexxu).

6. OueHka 3a cTeneHTa Ha NUYHOTO yHacTHe Ha AMCOPTAHTA B NPUHOCHUTE

Ot onucanusTa B TEKCTa Ha AMCEPTALMATA M OT NYBNMKALMKTE KbM HEsl MOXE aa ce
Hanpaeu M3BoAa, Y& NPUHOCUTE CBLP3AHYU C AHANU3 Ha NIUTEPATYPHW M3TOYHULM,
NOCTABAHETO Ha ONTUMU3ALMOHHATA 334348 W CUMYNALIMOHHUTE U3CNEABAHUA Ca CbC
U3KIIOYUTENHO NMYHO yHacThe Ha KaHauaaTa.

MpuHocure CBbP3aHN C eKCNepUMEHTaNHUTE aepoauHaMuyHM n3cneaBaHus ca Aeno Ha
KONEKTUB C y4acTUeTo Ha IOKTOpaNnTa, KoeTo & obuyaiHa NpakTuka u He omanoeaxasa
HEroBOTO NUYHO y4acTue.

7. Mpeuexka Ha nyGnukaunMnTe No AUCEPTALMOHHMUS TPYA:

AOKTOPaHTLT € NOCoYMN 4 CTaTUK NO AUCEPTALMOHHUS CH TRYA. MbpBaTta oT TAX € B
HeuHaekcupaH cOOpHUK OT Mnaaenxa Hay4Ha koHbepeHuus B rp. Mnosaus npes 2023
r. OcTaHanuTe Tpu ca B MHAGKCUPaHW B SCOpPUS M3JaHUR, KaTo B ABE OT TAX
AOKTOPAHTHLT € Ha MbPBO MACTO B aBTOPCKkMA ekun. MNybnukauyunre obxsawar
npoGnemu oT BCUYKK pas3aeni Ha gucepTauuMaTa.

MyBnukauumTe nokaseaT BUCOKOTO HUBO Ha U3BbPLLEHaTa paboTa.
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8. Manonasawne Ha peaynraTture or gUCepPTALMOHHUS TPYA B HayyHaTa u
coumanHara npakTuka. Hanuuue Ha NOCTMIHaT NPAK MKOHOMMUYECKK edeKT u np.
FAOKyMEHTH, Ha KOUTO Ce OCHOBaBa TBLPAGHNETO.

HAMa geknapupaxn BHeApEHW pesynTaTu.

9. OueHka Ha CLOTBETCTBMETO Ha aBTOpedepaTa C M3UCKBAHMATA 33 UIFOTBSHETO
MY, KaKTO W Ha a1eKBaTHOCTTa Ha OTPA3ABaHEe Ha OCHOBHMTE NONOXEHUA U
NPUHOCKHTE Ha ANCEPTALMOHHMA TPYA.

AsTopedepaTsT 0TPa3ABa ChALPKATENHO ChLUECTEEHU MOMEHTH OT AWCepPTaLUUOHHUA
TPYA, CNa3eHu ca U3UCKBAHWATA B CLOTBETCTBME C 0Opaseua 3a U3roTBAHe Ha
asTopedepatuTe no AUCEPTaLMOHHUTE TPYAOBE, NOCOYeH B caifTa "PasBuTie Ha
akafemMuyiHMA cueras - PaboTHn aokymeHTw",

10. MHenus, npenopLkn 1 Genexxu.

- VI38bpLUEHOTO OT JOKTOPaHTa € NOo-NPaBMHO A CE XapakTepuaupa Kato
napameTpu4HO 3CNEABaHe, a He KaTo pellaBaHe Ha ONTUMU3ALMOHHE 3aaava;

- ®ur. 2.3. NPEACTaBNABa HaNOXeH 3aBbPTALUMTE Ce KDUIHO-BUTNOBI CEKLMN BbpXY
venHara npoekums Ha J1A .Tepec 2°. imaiikn npeaBug KOMNaHoBKaTa Ha aanequs J1A
(Cxema naTMua ¢ USHECEHO Ha3az OCHOBHO KPMNO C ymMepeHa CTpenoBnaHOCT),
AaneHarta urypa noeaura pea 8bNpocH OTHOCHO peanucTiHocTTa ou, 6ea aa aaea
noHATHe 3a obnuKa Ha npegnoxeHus xunoretuveH JA:

- Bee nak peueHseHTLT npuema, ve JIA Tepec 2° Moxe ga ce 13nonaea kato 6asuc 3a
CPaBHUTENHWS BHANWUS HA Pa3NUYHUTE CEKLMK KPUNO-BUTNO NPU USITbNHEHWE Ha
NONETHUTE MUCHK C PA3NIMYHO OTHOLLEHME noneT/BuceHe.

- laneHoTo NpeAnoXeHue He MOXe Aia Ce CMATA 33 MLNHOUEHEH KOHLENTyaneH npoexT
(npuHoc 2.3) Ha JIA ¢ BepTUKanHO MsNUTaHe 1 KaljaHe, T.K. TO HambnHO npeHebpersa
BbNPOCHTE CBLP3aHK C LUeHTposkaTa Ha JIA, NoNbTHaTa YCTOWYMBOCT B XOPU3OHTAaNEH
noner (ABa pasHeCeHW poTopa C roNsamMa nnowy NpY NPaeo KPKNo, Npu HeycToiYMeara
Mo NPUHUMT Cxema ,naTuua’), ynpasnsemocT Npi OTKa3 Ha ABWUraTen, YCTORYUBOCT U
ynpasnsemocT npy NpeMUHaBaHe oT egHaTa B Apyrarta KoHburypauws u T.H.

- Bee nak nonyyeHuTe napameTpuyHU XapakTepUCTHKM MeXay npodmna Ha noneta
(oTHOLWEHWE noneT/BruceHe) U ONTUMANHWUA NapamMeThp Ha NOABKKHUTE KPUNHO-
BMTIOBU CEKLIUKM MMAT BaXHO 3HaYeHne npu Obaello npoektupane Ha J1A, koeTo e
OCHOBEH NpuHOC Ha paborara;

- Jlunceat YepTexm unu CKMUM Ha ONUTHUA CTEH/, KOETO 3aTpyaHsABa pa3bupaHeTo Ha
YCTPOACTBOTO MY,

- lluncea obocobex paagen onucsaly NNaHoBe 3a NPOgLIKABAHE Ha MICNeABaHUATA.
Bu 6uno fobpe JOKTOPaHTLT ga ce cnpe no-NoAPobHO Ha ToBa NO Bpeme Ha
nybnuyHarta cu sawmra;

- B paagenv 4.5 u 4.6 61u 6uno nobpe aa ce Hanpasu no-noapobHa Ka4ecTBeHa v no
Bb3MOXHOCT U KONWYECTBEHa CBNOCTaBKa Ha CUMYNALMOHHNTE 1 eKCNEePUMEHTaNHNTE
pesynraTy, Cnej KOeTo 4a ce HanpasAT M3BOAM 3a NPUNOXMMOCTTA Ha HACTOALLMA W
HY)K4aTa OT U3non3gaHe Ha-no NPeLU3HU CUMYNaUMoHHK MeToaN B Bbaewe.
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11. 3aknwveHwe:

PaboTaTa Ha goKTOpaHTa € Ha BMCOKO HUBO, MONYYEHUTE pe3ynTaTi OTrOBapAT Ha
M3ncCKBaHUATa 3a npucbxaase Ha OHC J[lokTop®, Mma Hakou 3abenexxu or rneaHa
TOYKa Ha uanaraHe M ohOPMAHE Ha Marepuana, KakTo U OTHOCHO HAKOM HOPMYNNPOBKM
U TBBPAEGHUS, HO Te BiUxa MOrNK CPABHUTENHO NECHO Aa C OTCTPaHAT B Bbaelle.

Ha 6a3a Ha U3NOXEeHOTO B HACTORALWATA peLieHsus, npeanaram aa 6bvae npucbaeHa
OHC Jdokrop® Ha mar. uHx. MapTuH ATaHacoe 3uKsMoB.

Hata: 04.09.2026 r. Moanuc: N
/B0OU. A-p MHX. BNagwmvp Lepoesos/
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REVIEW

of a dissertation submitted for the award of the educational and scientific degree of
Doctor

Author of the dissertation: M.Sc. Eng. Martin Atanasov Zikyamov

Dissertation title: Aerodynamic design and investigation of wing—-propeller lifting
systems

Reviewer: Assoc. Prof. Dr. Eng. Viadimir Sergeev Serbezov

1. Relevance of the problem addressed in the dissertation from a scientific and
applied-scientific perspective

Progress in the field of electric propulsion for aircraft creates opportunities for the
implementation of an exceptionally broad range of aerodynamic configurations
combining different flight regimes. These include hybrid aircraft configurations that
combine vertical take-off and landing with high cruise-flight performance. In this context,
determining optimal aircraft configurations and layouts is of considerable scientific and
applied significance.

The combined application of different computational and experimental methods is
important for the scientific advancement of aerodynamic research methodologies. The
doctoral candidate demonstrates the application and integration of modern
computational and experimental research methods.

A specific optimization problem has been defined and solved on the basis of the results
obtained from the numerical and experimental investigations.

2. Degree of familiarity with the state of the problem and creative interpretation of
the literature

The introduction presents the general context and relevance of the selected dissertation
topic, based on 10 literature sources, predominantly of a review nature.

In Chapter 1, the doctoral candidate first provides a comprehensive historical overview
of aircraft with propulsion systems similar to that investigated in the dissertation. This is
followed by a sufficiently detailed literature review of publications related to comparable
studies. For this purpose, 49 literature sources [11-59] have been reviewed.

3. Correspondence of the selected research methodology, the stated aim and
objectives of the dissertation, and the achieved contributions

The aim and objectives of the dissertation are defined at the end of Chapter 1.

Chapter 2 describes and substantiates the formulation and development of the research
methodology.

Although presented in a different order, the stated contributions comespond to the
established aim and objectives.

4. Brief analytical characterization of the nature and assessment of the reliability
of the material on which the dissertation contributions are based
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The material underlying the contributions of the dissertation may be divided into three
parts:

1. Literature data on aircraft of the relevant class:
2. Results from numerical experiments:
3. Results from wind-tunnel experiments.
Their description is provided respectively in Chapters 1, 3, and 4.

The analysis of the literature data is sufficiently detailed, and the aircraft classification
developed on its basis (Contribution 2.1) is adequately comprehensive and exhaustive.

The descriptions of the simulation studies and aerodynamic experiments provide
grounds to consider the results obtained through them to be highly reliable.

The proposed methodology for solving the parametric problem is well described in
Chapter 2.

5. Scientific and applied-scientific contributions of the dissertation

The doctoral candidate has declared six scientific and applied-scientific contributions
and three applied contributions. | accept the stated contributions, subject to the following
comments:

+ Contribution 1.4, "A methodology for experimental aerodynamic investigations
using laser-optical methods (Particle Image Velocimetry — PIV) has been
developed,” is not adequately described in the text of the dissertation. Information
is lacking on the specific settings of the PIV system and on the image-processing
algorithms employed.

» Contribution 2.3, A conceptual design of an unmanned reconnaissance aircraft
has been developed ...," would be more appropriately formulated as “derivation of
parametric relationships enabling the conceptual design of ..." (see Item 10,
Opinions, Recommendations and Remarks).

6. Assessment of the extent of the doctoral candidate’s personal contribution

From the descriptions in the dissertation text and the accompanying publications, it can
be concluded that the contributions related to the analysis of literature sources,
formulation of the optimization problem, and simulation studies are predominantly the
result of the candidate’s personal contribution.

The contributions related to the experimental aerodynamic investigations are the work of
a research team involving the doctoral candidate. This is common practice and does not
diminish the candidate's personal contribution.

7. Assessment of the publications related to the dissertation

The doctoral candidate has listed four publications related to the dissertation. The first
was published in a non-indexed proceedings volume of a youth scientific conference
held in Plovdiv in 2023. The other three were published in journals or proceedings
indexed in Scopus; in two of them, the doctoral candidate is the first author.

The publications address issues from all sections of the dissertation.
The publications demonstrate the high standard of the work performed.
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8. Use of the dissertation results in scientific and social practice; evidence of
direct economic impact; supporting documents

No implemented results have been declared.

9. Assessment of the compliance of the extended abstract with the requirements

for its preparation and the adequacy of its presentation of the main findings and
contributions of the dissertation

The extended abstract adequately reflects the substantive and essential elements of the
dissertation. The requirements stipulated in the template for preparing extended
abstracts of dissertations, published on the website ‘Development of Academic Staff —
Working Documents”, have been complied with.

10. Opinions, recommendations and remarks

« The work carried out by the doctoral candidate would be more appropriately
characterized as a parametric study rather than as the solution of an
optimization problem.

« Figure 2.3 presents the rotating wing—propeller sections superimposed on the
frontal projection of the “Teres 2" aircraft. Given the layout of this aircraft — a
canard configuration with an aft-positioned main wing of moderate sweep — the
figure raises a number of questions conceming its realism, without providing a
clear idea of the overall appearance of the proposed hypothetical aircraft.

 Nevertheless, the reviewer accepts that the “Teres 2" aircraft may be used as a
basis for the comparative analysis of different wing—propeller sections when
performing flight missions with different flight-to-hover ratios.

» The presented proposal cannot be considered a fully developed conceptual
design of a vertical take-off and landing aircraft, as claimed in Contribution 2.3,
because it completely neglects issues related to aircraft centre-of-gravity location
and balance, longitudinal stability in horizontal flight, controllability in the event of
an engine failure, and stability and controllability during transition from one
configuration to another. In particular, the use of two widely spaced rotors with a
large disc area in combination with a straight wing, within an inherently unstable
canard layout, requires substantially more detailed analysis.

+ Nevertheless, the obtained parametric relationships between the flight profile —
namely, the flight-to-hover ratio — and the optimal parameter of the movable
wing-propeller sections are of significant importance for the future design of
aircraft. This represents the principal contribution of the work.

« Drawings or sketches of the experimental test rig are lacking, which makes its
arrangement and operation difficult to understand.

+ A dedicated section describing plans for continuation of the research is missing. It
would be beneficial for the doctoral candidate to address this issue in greater
detail during the public defense.

« In Sections 4.5 and 4.6, it would be useful to provide a more detailed qualitative
and, where possible, quantitative comparison between the simulation and
experimental results. Conclusions should then be drawn regarding the
applicability of the current simulation approach and the need to use more
accurate simulation methods in the future.
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11. Conclusion

The doctoral candidate's work is of a high standard, and the obtained results meet the
requirements for the award of the educational and scientific degree of Doctor.

There are certain remarks concerning the presentation and formatting of the material, as
well as some formulations and claims. However, these could be relatively easily
addressed in the future.

Based on the considerations presented in this review, | propose that the educational and
scientific degree of Doctor be awarded to M.Sc. Eng. Martin Atanasov Zikyamov.

Date: 04.09.2026 Signature: ......... | ~
/Ass. Prop. Dr. Eng. Viadindir Serbezov/
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