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CTAHOBHILE

BLPXY AHCCPTANHOHEH TPYA 38 npuaobusane ua 06pasoBaTEAHATA M HAYYHA CTONEH
wI0KTOp™

ABTOD HA AHCEPTAURONHNS TPYA: Mar. mix. Maprus Atanacos 3ukamos Tema ua
ANCEPTALMOHEMS TPYA: . ACPOAHHAMIYHO NPOSKTHPAHE H HICEABAHE HA HOCEULH CHCTEMH OT
THIA KpAo-suTn0™ Hayuna obaacr: 5. Texunyeckn nayiu Hpodecnonaano HANpABJACHHE:
3.5 Tpaucnopr, kopaSonaasaue n asnauns JoKTopeka nporpava; wlIpoekTHpane u
KOHCTpYHpaHe Ha aBTOMATHYHN W MIIOTHPaHA AeTaTenu anapatn™ Hucrurymns: Texmunuecku
yuusepenrer — Codua, ©unnan [Naosaus

YLaen na payunoro mypu: nou. a-p wik. Lsereanna Baagumupora Benkosa, BEMY H. 1.
Banuapos* — Bapua

1. AkTyaaunocr ua paspaborenns npoGaes

Pa3paGoTkaTa pasriesxna M3KTIONHTRNIHO AKTYANCH B HAYHHO W NPHACKHO OTHOLICHHE npolnem,
CELP3AH ¢ ACPOAHHAMHYHOTO NPOCKTHPAHE W H3C/IeaABaHe HA XHODHIHN HOCEIM CHCTeMH OT THNA
»KPHIO-BHTAC™. B KOHTeKCTa Ha AMnamuino passusamara ce Ipagcka Buaaymsa MoGuanoct
(F'BM / UAM) u Besnunoranre Jletatenun Cucremu (BJIC), cwu3nasaneTo Ha edexTHBHH
ROHBEPTONAAHM, CHUCTABIUM IGBKABOCTTA HA BEPTHKAMHOTO MUIMTAHC M KALAHE ¢ BHCOKATA
eHepruiina  CPHKACHOCT HA  CAMOJIETHMA KPEHCEPCKH MOJRT, €  KPHTHWHO HAY4YHO
NPEAM3BUKATENCTRO. 3agauuTe, (OPMYAUPaHN B AHCEPTAUMOHHMA TPYA, OTPAIABAT MPELH3HO
H30paH (OKYC BLPXY MPEOOAABAHETO HA KIACHHMECKHTE ACPOIHMHAMMYHH HENOCTATBIN (KaTo
edexta Ha canane / download effect) upea emeapapane ma mosaTHBIM KOHpHrypaumn ¢
HAXIOHREMH KPHAHK CeRuMM.

2. Crenen ua nosmasane ua upoSaema W TBOPUECKS UNTEPHPETAUNT HA ANTEPATY PHIR
Marepua

AOKTOPAHTLT AEMOHCTPHPA 3aAbAGOHEHO TOHABINE HA CHCTOANHETO HA HICNCIBAHNS npodnem.
Jlureparypunar oGsop (Imasa 1) npocaeassa MeTOAHYHO HCTOPHYECKOTO pasBHTHE HA
KoHfenumiTe ¢ HaKAaHAWO ce BuTao (tiltrotor) 1 HaxnanrAWo ce kpao (tiltwing) or mupeure
TATCHTH 10 cuepeMennnTe npoektd 3a ¢VTOL anapari. Ananusupan e ronam ofem umcienu,
CKCMCPHMCHTANHH W AHAIMTHYHH  N3CNEJBAHNA, W3BLPLIEHH NOJ  PHKOBOACTBOTO  Ha
NACA/NASA # CbBpeMCHHH aBHAUMOHHM OPraHH3ALNM. CpapHHTEIHNAT anaans wa
alcoMOoTHHTE # OTHOCHTEHNTE NPOCKTHH NAPAMETPH © HIYCPNATEICH M CAYAM KATO COAMAHA
ACKTPHHATHA OCHOBA 32 aehuanpane Ha npeamera ¥ o0exTa HA H3CIEALAHETO.

3. CroTsercrsme Ha m3GPANATA METOAHKR HA ICTCABANE ¢ HOCTABCHATA e 1 3A1A4N

Hsbpanara MeTononorns ¢ Hay o H3ALPKAHA W CHUETABA 11O OanancHpan HAYMH aHAAHTHYHY
METOAM. MNCACHO CumynauwoHHo mogeanpane (CFD) wu  dusHuecky CKCMICPHMEHT B
aeponnHamuuna Tprba. OcoBeHo uewno e npwaaraneTo Ha M-teopemara ua Bukuuram 3a
H3BEKIAHETO HA Ge3pasMEPHIA KOMILIEKCEH IeOMCTPHYEH napamersp Surface Ratio (SR), koitro
CEBPIBA XAPAKTCPHCTHKHTE HA JIBCTC KOPEHHO PATTHYHN HOCELUM OBBPXHOCTH (KPHIO H BHTIO).



H3nonssaneto na cnenuanusupan codryep 3a ntxerepHo CAD/CAE moftenpane, chueTato ¢ue
crepeo PIV (Particle Image Velocimetry) nazepno-onTiuna cucrema B SEpOAMHAMHYHATA TPHOa
VIIAK-1, rapawtipa M3KTOMHTeNNO BHCOKR CTeneH Ha JIOCTOREPHOCT W MPEUM3HOCT Ha
NONYYEHHTE PE3YITATH.

4. Hayann w HAyIHO-IPHAVKIN NPHHOCH HA ANCePTALNOMMIS TPY/

Hayuno-npuacknu npunocn:

*  @opmyanpane n ofocuoska ua WOB NpockTen mapamersp: Hasenen n oGocionay e
Ge3pasMepen KOMILICKCEH reoMeTpuuen napamersp SR =2‘;—m'- (Surface Ratio), woiito

YCMICWRO CBLP3BA OTHOCHTC/IHHTE XADAKTCPHCTHKH HA HOCCUIATA CHCTEMA (KPHAHO
HATOBAPBAKE, THCKOBO HATORAPBAHC, TArOBLOPLKEHOCT H Figure of Merit).

* Hosa seToanka 3a KonuenTyaano npoexrnpane: Paspaorena ¢ KOMIIEKCHE METOANKA
30 H3DOP MR ONTHMAIHH [EOMETPHYHN NAPAMETPH HA KOHBEPTONMAHH ¢ BEPTHKANHO
H3IMTAHE M Kauale Bb3 OCHOBA HAa FbBejeH GelpasMepeH eHeprueH Kputepuit 3a oLenxa
(Q) cnpamo pedepenTen CaMoIeTeH noner.

¢ 'INCAEHO M EKCHCPHMCHTATHO HICACABAHE ua uuTepdepenunsTa: [poseneso e
ACTAlAHO M3CAE/IBANC HA NOKATHOTO AEPOANHAMHUHO BIAMMOJACHCTBHE B CHCTEMATE

KpHAO-BHTIO, JIOKASBALLO CAMMUHIPAHCTO HA BPEIHATA CHaa Ha ceanane (download) npu
M3MOM3BAHE HA CHOCHA HAKTOHACMA CEXKUMA.

Mpuaosun npunocn:

»  Maresaruiecko n CAD/CAE moaeanpane: Cuinaiesn ca TPHHIMEPHH NAPAMCTPHYHH
moaean Ha APC ewma n xpnann cexum (npodmn NACA 642015) u ca nposesenn
craunotapun CFD cumynaumn 1a 00THYAHETO B PEKHM HA BHCEHE 1 Kpeiicepcky nosier.

*  Excnepumenvaana peasmsaums w PIV smsyaamsaums: MspaGorenn ca upes 3D
npuHTHpane mawadus moaean (vawab 1:5) wa wocemara cucrema. [posesenn ca
CHCTCMATHYHH HIMEPBAHAA B ACPOANHAMHYHA TPBLOA 32 ONPEAC/IAHE HA ALPOIHHAMMIHHTE

koemumnent (Cr, Cp, /) # ca KapTorpadupans cKopOCTHHTE NOJIETA HA BHXPOBATAa cneja
upes PIV cucrema.

« ®axropen onTumuammonen anamms: Mauncnena e norpeSuara obuma CHEPIUA 3a TPH
THIA MHCHH C paXINYHA OTHOCHTE/IHA NPOABLLKHTENHOCT Ha BrceHe (15%, 30% n 45%) u
Cit QeHUHPAHN ONTHMANHKTE AManasoHn 3a napamerbps SR, Otkprra ¢ MHBAPHAHTHA
TOUKA HA CKBHBANEHTHA ePUKACHOCT MEAULY PAIHIHHTE NPOQILTH HA MHCHHTE.

5. Mpenensa ga nyGankaunnre 1o ANCEPTAUNORNNA YA

Mpeacrascrute nyGaukawmy OTPAsABAT KOPEKTHO H B IILJICH OOEM OCHOBHITE Pe3YATATH W
MPHHOCH, NOCTHIHATH B ANCepTaunonina Tpya. Te ca nyGankysasn B cnelHannInpani Hay Hu
H3AHUA W MATCPHANN OT HAYMHH KOHGEPeHIUH, KDETO A0KR3BA, Y€ HAYMHNTC TEPCEHHS Ha
AOKTOPANTA C4 CTARANN AOCTOAHME HA NPOPHANPANATR AKARCMHUHA OGIHOCT Y HAC 1 B 4y&OIHa.



KaHAMRaTHT HATLARO YAOBAESTBOPABA H HAABHLIABE MHHHMATHHTE HALHOHANHHA HRYKOMETPHYHH
nokasarean 3a npnaodusane va OHC , 1okTop™.

6. Muenus, npenopsrn u Geaemsn

JIHCEPTAUMOHHNAT TPYA NPHTEKABA 3ABLPLICHA ¥ JIOFHYHA CTPYKTYPA, HANMCAH ¢ HA BHCOKD
HAYYHO HMBO M © MpeunseH HIKeHepen e3uk. Karo npenopbka 3a GhIewmara wac/e10Barencka
AcHHOCT Ha aeTopa Om MO0 Za Ce MOCOMH PaslMPSBAHETO HA PaspaGoTeHHA Moaen upes
BIJIKOMBAHE HA ANHAMHUHKTE NPEXOAHH POKUMH (TPAHIHLNA OT BEPTHKAACH KbM XOPH3OHTANCH

NONET) B HECTALMOHAPHA BBIAVIUHA CPEAR, KAKTO M MPOBEAAAHETO HA HATYPHH MONETHH
M3NUTAHHA C PEATHHSA IPOTOTHIL

Ipenopurn

[pH UANOCTHO NOJAMKNTENTHA OUSHKA HA AHCEPTALMOHHMA TPYA C/EIBa 4a ¢ NOCOMAT HAKOM
BENPOCH M NMPENOPLKH, JACTKABALIN BHIMAHNE:

Baanaupane wa cumyaaunonnns mogea: Cumynaunire ca nposeacnn upes SolidWorks
Flow Simulation — npoayxr ¢ HHaxeHepHa OpHeHTaUNA. Br GHA0 KEJATENHO /12 ¢¢ NOCouH To-
ACHO JOKO/IKO HINOA3BAHKAT TYPSYACHTEH MOIE € NOAXOMALY 32 CHeUM(HYHNTE PEKHMI HA
00TH4aHE OKOAO BLPTAMIO C@ BUTIIO0, OCOGEHO B PEiKiM HA BHCEHE, KBSTO HECTALMOHAPHHTE
ehexTH Ca SHAUMTENHN.

Hpexoann pemnmn: [pexosuuTe peamil MeALY BHCEHE M XOPHIOHTANCH MOJeT ca
CHIHATENHO MIKMIOYEHM OT W3CACABAHCTO NOPasM Kparkoto MM Bpemerpaene. Toga e
NOTYCTAMO H A00pe apryMEeHTHPANO, HO OH MOITIO 8 C& KOMEHTHPA NO-ACTAHIHO BAHAHNETO
HM BBPXY O0WIATA eHeprus MPH MHUCHH C HMCCTH NPEXOH. Xapaxrepuu 3a naxon ['BM
CLEHAPHH,

MawaGun edpexru: [pn paznmka B mawaba 1:5 unchara na Reynolds ca cruecrseno
paxinKM OT peannma caydail. AsropuT cnomenasa Mawabun edexTn B KOHTEKCTa Ha
OTKAOHCHHATA NPY BHINOTO ¢ AHAMETHD 6 HHYA, HO CHCTEMATHYHO 00CLAAANe HA INTHAHHETO
Ha 4He0To Ha Reynolds BLpXy A0CTORBEPHOCTTA HA NPEHACAHETO HA PEIYATATHTE KEM peaneh
sawal 61 yKpenuao apryMeHTanusTa.

Acpoannamuuno kavecrso: [puerara crofinoer $\frac{L}{D} = 108 3a xunorernusna
KOHBCPTONAAH € MNOCOMEHA KATO NOCTOAHCH NapaMeTsp, HO He ¢ BepuduHuMpana upes
CHMYJAUHOHHHTS PE3YATATH 34 KOHKpeTHHTE TpH Kompurypausn. B npeacrasnseano

HHTEPEC 214 Ce NPOBEPH JAJK TPHTE BapHAHTa ACHCTEMTENHO NOCTHIAT TA3K CTOMHOCT MK A
HAABHIIABRT,

Yerofiuusocr w ynpasasiemocr: JIHCEPTALMOHHNAT TPy e QOKyCHpaH H3UANO EBPXY
acpoAMHAMMIHATa edHKACHOCT 1 eneprinfinng kpuTepiit. BunpocuTe 3a yeroltumsocrra u
YNPAaBIACMOCTTA HA NPEVIOACHATA KOHQHUIYPAUMA, O0CODEHO MPH PEKHM HA BHCEHE C
HAKAOHACMH CEKLMH, OCTABAT W3BBH OOXBATA HA M3CHCABAHETO, HO OHXA NPEJCTABARBAH
LEHHO J0IMbAHCHHE B ObaeM paspaboTsu.



[MocouernTe 3a0eNeKKI HE CHIKABAT CHLICCTBCHO HAYMHATA CTORHOCT HA TPYAA M MOTAT 4
MOCTYKAT KaTo OTNPABHA TOYKA 32 ObACIIN H3CACABARNS.

7. 3akmovenne

JMCCPTAUMOHHUAT TPYA © OPHIHHAIHO HAYHMHO W3CACABAHC, NMPHTEAKABA CHINMA NPIIOKHA
CTOHHOCT M CBLALPAKA 3HAMUMM NPHHOCH B OONACTTA HA AEPOIMHAMHHHOTO NPOCKTHPAHE HA
Aeratenny anapath. Mar WHX, Maprud  ATanacoB 3MKAMOB HAITEIHO  YAOBJCTBOPABA
n3ncksanuata na 3PACPB u INpaennnnka 3a HerosoTo npuiokenue.

B3 ocHOBA Ha NPEACTABCHMA TPYA M HCTOBHTE GeICTIOPHH HAYHHO-NPHAOKHN JOCTOMHCTBA,
aasam n3uano IMNOJIOKHTEHA OIEHKA n npeanaraM Ha YBOKAEMOTO HAY4HO KYPH A3
NpHeLAH Ha star wwek. Maprun Aranacos 3uKAMOB 00palOBATEIHATA W HAYYHA CTCICH
»AOKTOP* B wayyua obnact 5. Texunveckn Hayku, npodecHOHANIHO Hanpasichue 5.5
Tpaxcnopr, kopaGoniasaHe 1 aBHALHA,

(agsady pgeec
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STATEMENT

on a doctoral dissertation for the acquisition of the educational and scientific degree
"Doctor” (Ph.D.)

Author of the dissertation: Mag. Eng. Martin Atanasov Zikyamov

Title of the dissertation: "Aerodynamic Design and Investigation of Wing-Propeller Type
Lifting Systems"

Scientific Field: 5. Technical Sciences
Professional Field: 5.5 Transport, Navigation and Aviation
Doctoral Program: "Design and Construction of Automatic and Piloted Aircraft”
Institution: Technical University of Sofia, Plovdiv Branch

Member of the Scientific Jury: Assoc. Prof. Dr. Eng. Tsvetelina Viedimirova Velkova, Nikola
Vaptsarov Naval Academy -Vama

1. Relevance of the Researched Problem

The dissertation addresses a highly relevant problem from both a scientific and applied
perspective, focusing on the asrodynamic design and investigation of hybrid *wing-propelier”
lifting systems. In the context of the dynamically evolving Urban Air Mobility (UAM} and
Unmanned Aircraft Systems (UAS), creating efficient tiltrotors/convertiplanes that combine
the flexibility of vertical takeoff and landing (VTOL) with the high energy efficiency of airplane
cruise flight is a critical scientific challenge. The tasks formulated in the dissertation precisely
reflect 8 chosen focus on overcoming classical aerodynamic drawbacks (such as the
download effect) through the implementation of innovative configurations with tilting wing
sections.

2. Degree of Familiarity with the Problem and Creative Interpretation of the Literature

The doctoral candidate demonstrates a prefound knowledge of the state of the researched
problem. The literature review (Chapter 1) methodically traces the historical development of
tiltrotor and tiltwing concepts from the earliest patents to contemporary eVTOL aircraft
designs. A large volume of numerical, experimental, and analytical studies conducted under
the auspices of NACA/NASA and modern aviation organizations has been analyzed. The
comparative analysis of absolute and relative design parameters is comprehensive and
serves as a solid doctrinal foundation for defining the subject and object of the research.

3. Consistency of the Chosen Research Methodology with the Set Goal and Tasks

The chosen methodology Is scientifically sound and balances analytical methods, numerical
simulation modeling (CFD), and physical wind tunnel experimentation in a well-proportioned
manner. Particularly valuable is the application of Buckingham's [l-theorem to derive the
dimensionless complex geometric parameter Surfeace Ratio (SR), which Unks the
characteristics of two fundamentally different lifting surfaces (wing end propeller). The
utilization of specialized software for engineering CAD/CAE modsling, combined with a stereo



PIV {Particle Image Velocimetry) laser-optical system in the ULAK-1 wind tunnel, ensures an
exceptionally high degree of reliability and precision of the obtained results,

4. Scientific and Scientific-Applied Contributions of the Dissertation
Scientific-Applied Contributions:

Formulation and justification of a new design parameter: A dimensionless complex geometric

paramater, SR = % (Surface Ratio), has been derived and substantiated, successfully linking
the relative characteristics of the lifting system (wing loading, disk loading, thrust-to-weight ratio,

and Figure of Merit),

A new methodology for conceptual design: A comprehensive methodology has been
developed for selecting the optimal geometric parameters of VTOL convertiplanes based on an
introduced dimensionless energy evaluation criterion (Q) relative to a reference airplane flight.

Numerical and experimental investigation of interference: A detailed study of the local
aerodynamic interaction within the wing-propeller system was conducted, proving the
elimination of the detrimental download force when utilizing a coaxial tilting section.

Applied Contributions:

Mathematical and CAD/CAE modeling: Three-dimensional parametric models of APC
propellers and wing sections (NACA 642015 airfoil) were created, and steady-state CFD
simulations of the airflow in hover and cruise flight modes wera performed.

Experimental implementation and PIV visualization: Scale models (1:5 scale) of the lifting
system were fabricated using 3D printing. Systematic wind tunnel measurements were carried
out to determine the aerodynamic coefficients (Cy, Cp,/), and the velocity fields of the vortex
wake were mapped using the PIV system.

Factorial optimization analysis: The total energy required for three types of missions with
different relative hover durations (15%, 30%, and 45%) was calculated, and the optimal ranges
for the SR parameter were defined. An invariant point of equivalent efficiency across the different
mission profiles was discovered.

5. Evaluation of the Publications on the Dissertation

The publications presented correctly and fully refiect the main results and contributions
achieved in the dissertation. They have been published In specialized scientific journals and
proceedings of scientific conferences, which proves that the doctoral candidate's research
findings have been shared with the specialized academic community both nationally and
abroad. The candidate fully satisfies and exceads the minimum national scientometric
indicators for obtaining the educational and scientific degree *Doctor” (Ph.D.).

6. Opinions, Recommendations, and Notes

The dissertation possesses a complete and logical structure, written at a high scientific level
using precise engineering language. As a recommendation for the author's future research
activity, the expansion of the developed model could be suggested to include dynamic



transient regimes (transition from vertical to horizontal flight) in an unsteady aerodynamic
environment, as well as conducting full-scale flight tests with a physical prototype.

Recommendations:

While the overall assessment of the dissertation is highty positive, several questions and
recommendations deserving attention should be noted:

Validation of the simulation model: The simulations were conducted using SolidWorks Flow
Simulation - an engineering-oriented product. It would be desirable to state more clearly to what
extent the utilized turbulence modal is suitable for the specific airflow regimas around a rotating
propelier, particularly in hover mode where unsteady effects are significant.

Transient regimes: Transient regimes between hover and horizontal flight were intentionally
excluded from the study due to their short duration. This is permissible and well-argued, but their
impact on the total energy during missions with frequent transitions, characteristic of certain
UAM scenarios, could be commented on in greater detail.

Scale effects: Ata scale difference of 1:5, the Reynolds numbers differ significantly from the full-
scale case. The author mentions scale effects in the context of daviations for the 6-inch dlameter
propeller, but a systematic discussion on the influence of the Reynolds number on the reliability
of scaling the results to full size would strengthen the argumentation.

Aerodynamic efficiency (Lift-to-Drag ratio): The assumed value of% = 10 for the hypothetical
convertiplane is stated as a constant parameter but has not been verified through the simulation

results for the specific three configurations. It would be of interest to verify whether the three
variants actually achieve or exceed this value,

Stability and controllability: The dissertation focuses entirely on aerodynamic efficiency and
the energy criterion. Questions regarding the stability and controllability of the proposed
configuration, especially in hover mode with tilting sections, remain outside the scope of the
study but would represent a valuable addition to future research.

The noted remarks do not significantly diminish the sclentific value of the work and can sarve
as a starting point for future research.

7. Conclusion

The dissertation is an original scientific research piece, possesses strong applied value, and
contains significant contributions to the field of aircraft aerodynamic design. Mag. Eng. Martin
Atanasov Zikyamov fully satisfies the requirements of the Development of Academic Staff in
the Republic of Bulgaria Act (ZRASRB) and the Regulations for its implementation.

Based on the presented work and its indisputable scientific and applied merits, | give an
antirely POSITIVE EVALUATION and propose to the esteemed Scientific Jury to award Mag.
Eng. Martin Atanasoy Zikyamov the educational and scientific degree "DOCTOR" (Ph.D.) in
Scientific Field 5. Technical Sciences, Professional Field 5.5 Transport, Navigation and
Aviation.
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