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BLPXY AHCCPTAUMOHEH TPYA 3a npHAoGHBane Ha obpajopaTeanaTa u HAYYHA CTenen
wAOKTOP“

Tema: ,Micaensane u ONTHMHIHPAHE HA NAPAMETPHTE HA JETATEAHM ANAPATH ©
BEPTHRATHO HUINTAHE H KALARE ¢ HOCEIIA CHCTEMA KPHAO-BHTI0%

JloxTopauT: unk. Maprun ATanacos 3ukamon
Ipodecuonanno nanpapisenne; Tpaucnopr, kopaGonnasane 1 asrauus

Haywna eneunannoct: Ipoektupane 1 KOHCTPYHPAHC Ha aBTOMATHYHH H NHIOTHPAHH
NCTATENHW aNapaTH

Penensent: npod. -p Acen Anrenop Mapuion
L. OGwa xapaKkTepUCTHKA HA AHCEPTANHONHNS ™pyA

[IpeacTaBenHAT 3a PCLEHIMPAHE AMCEPTALHOHEH TPYA € MOCBETEH HA M3CacIBaHe,
ananni M ONTHMH3HpaHe Ha napaMeTpHTe Ha NCTATCNHH anapaty ¢ BePTHKAIIHO MINIHTAHE M
Kanase (VTOL), w3noassalld HOCCINA CHCTEMA OT THna »KpHno-suTA0". Paspaborkara
PA3MIeHKAa  KOMINIEKCHHA npolieM 32  onpejeisHe Ha  PaUMOHATHA reoMeTpHYHa
KOH(HIYPAUHS, KOATO OCHIYDABA BHCOKA CHEPrHANA e(hexTHRHOCT TIPH H3ITHITHEHHE HA MHCHA,
BEMIOYBALA PAlTHYHH DCKHMH HA MOJET — BEPTHKANCH MONeT/BHCEHE H XOPHIOHTANeH

Kpe#cepcku nonaer.

Temata Ha AMCCPTALMATA € AKTYANHA H HMA CHUCCTBEHO IHAYCHHE 38 PAIBHTHETO Ha
CEBPEMEHHATA ABHALHOHHA TEXHMKA, 0COGEHO B OOMACTTAE Ha GC3NMAOTHHTE NCTATCIHH
Anaparw, CICKTPHYECKHTE CHIOBH CHCTEMH M KOHLIETIMHTE 38 TPajCKa BE3AYIIHA MOGHIHOCT.

OGeKT Ha HACTOAWOTO M3CHEABAHE C& KOHBEPTOMIAHHTE C BEPTHKANIHO H3THTaHE W
KaUuaHe, HI0M3BAIM HOCLULH CHCTEMH OT THIA KPHAO-BHTII0, PH KOHTO NOJCMHATA CHIa B
Pa3IHYHHTE €TaNH OT MOJETa CE CH3ABa OT HENOJBHAHO KPHIO M Hocemo BHTA0. Ocoben
HHTEPEC NPCACTARNABAT KOHBEPTOMNAHHTE C KOH(DHIYPALIMY OT THIOBETE C HAKNOHACMO BHTIO
M C HaK/IOHASMO KDPHJIO, KaTO (OKYCHT € HACOMCH HaH-BEYe KM TeXHHTE ChBPECMCHHH
CNCKTPHYECKH H XHODHIHM PaIHOBHIHOCTH, OPHEHTHPAHM KbM GEIMMAOTHM NPHICKEHUA

rPaacka eb3ymHa MoSHIHOCT.
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[lpeamer Ha wicaeasanero ca ACPO/IHHAMHYHHTE M FEOMETPHYHHTE X8paKTePHCTHEY |
/I3PAMETPH Ha HOCCIUMTE CHCTEMH OT THna KPWIO-BHT/IO M TAXHOTO BAMAHHE BLPXY
eHeprifinata edexTHBHOCT Ha JIA MpH PavIHYHH NpodMIH HA MHCHMSTA Mo-kouxperso
BIHAHHETO HA OTHOLUICHHETD MEHY NIOMMTE HA KPHAOTO M BHTJIOTO, KaTo BaxkHK
COMETPHYHH NapaMETPH W TAXHOTO RIMAHHE BBPXY HCOOXONHMATA eHEPIHS 33 IemhaHeHN e
Ha PAITHYHH MUCHH, KaT0 KPHTCPHIA 33 OIrrMMAanHocT.

OcHoBHaTa ues Ha AMCEPTAUHOHHNS TPYA € Ja ce parnexaa HOCCLIATA CHCTeMa
»KPHIO-BHTO" KATO /IMHHA ACPOAMHAMHKYHA ¥ CHEPrHAHA CHCTEM, a HE KaTo KoMOHHALMS
OT HEABHCHMO ONTHMHIHpAHH enemenTd. Toss nomxoj CBOTBETCTBA HA CHBPEMEHHHTC
TEHACHIMK B NPCABAPHTEHOTO NPOSKTHPAHE HA NeTaTenHN anapary.

2. AKTYa/IHOCT Ha paspaboTeanns Hayyen npobaem

Jletarennure ANapaTH ¢ BEPTHKATHO HITHTAHE M KallAHe IPC/ACTARIABAT GBp30 pazsusama
ce ofulacT B ABHALMOHHOTO HIKEHEPCTBO. OCHOBHOTO NPeM3BHKATENCTBO IpH TAXHOTO
MPOCKTHpaHe € HeoOXOAMMOCTTa eHa KOHCTPYKUMA Ja M3ITLIHABA YCNemHo ase
NPOTHROTIONOXKHH 3a/a%H:

1) OCHIYpABaHE Ha JOCTATHYHA TATA M eDeKTHBHOCT MPH BEPTHRANEH PCHKHM;
2) OCHIyPABAHC HA BHCOKO 8EPOMHAMHYHO KaYeCTEO NIPH XOPH3IOHTAJICH MOJET.

lpu TpaauuHonnuTe nerarenin AnapatH Te3n (QYHKUMM CC PEAIMIMPAT OT PAITHYHM
CHEUMATHIHDAHH CHCTEMM, ZokaTo npu VTOL KoH}urypaimure ce m3nckea HHTCIPHPaHO
peilieHHe,

B Tomm acnexr aucepraumonmmsr TPYA Ppasracikia BamcH HayyeH npolaem -
ONpPEACNAHETO HA ONTHMAJIHH NAPAMCTPH HA HOCCIIATA CHOTeMa 4pe3 KpHTEpHit, OCHOBaH Ha
MHHHMANNA CHCPrHA 3a M3NLIAHEHHE HA MHCHATA.
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AKTYQIHOCTTa Ha MICACABAMETO Ce ONpPeAeA OT: HADACTBAIIOTO NPHAOKEHME Ha
Gesnunoriu VTOL crcremu, neobxommmoctTa ot TOBHILABAHE HA eHEPrHiinaTa edeKTHRHOCT,
PA3BHTHETO HA CACKTPHYCCKH M XMOPHIHH CHIIOBY YCTAHOBKH M HEoOXOAMMOCTTa OT
METOIHKH 3a NPEABAPHTEIIHO NPOCKTHPAKE.

3. Crpykrypa n ChALpAANNE HA IHCEPTANHOHNMNA TPYA

JCepTalOMHMAT  Tpyn  wmma  normumo HITpajicHa  CTPYKTypa, BKAIOYBAINE
noceoBaTe/HO:

1) nureparypen of3op

2) Merozonorus ua H3CAeABAHETO;

3) CHMYNALMOHHM HICIICABAHMS:

4) excnepMMeHTANHK HICHAE/{BAHHA;

5) obmm uisoam na AHCePTAUMOHHHA TPY;
6) NPHHOCH Ha JAUCEPTALHOHHHA TPYA.

Crpykrypara noxasea npaswiso pasbupane Ha NpoLeca Ha ABHALIMOHHO NPOEKTHPaKe — Ot
TEOPCTHYHATA NOCTAHOBKA /10 EXCNEPHMEHTANHOTO NOTBLPAICHHE,

4. AHAJIN3 Ha WINOA3BANATA METO0JI0rHs
Merononoruata ua wscaeasasero BETIONBA KOMIVICKC OT aHANMTHYHM, YHCIEHH M
EKCIICPHMEHTATHH MCTO/M.

OcofeHo BHHMAaHHE 3acTyKaBa HINOMIBAHETO HA pasMepHHA anank3 ypes [1-reopemara va
Bekunram. Ha a3 ochosa e [IpCUIOAKEH KOMIIEKCCH NapaMeTsp ";—-—Dc, KOHTO Xapakrepuanpa

OTHOCHTENHATA 1011 Ha OTKAOHACMHTE CCKLIHK.

H36oper Ha Toau napamersp ¢ Hay4Ho obocHoBaH, TeH xaro To# CEBP3Ba MHOMKCCTBO
XBPAKTCPHCTHKH HA KOHQHTYPAUMATA: ILIOUL HA KPHIOTO, MIOW HA OTKIOHACMITE CCKLHH,
AMCKOBO HATOBAPBaNE, KPHIHO HATOBAPBAHE, TATOBLOPBLAKEHOCT 1 CHEPrOBLOPHACHOCT.

[lpepnoxkenuar nogxoa nossosssa smauHTenHO ONpOCTABAHE HA ONTHMM3ALMOHHATA
Jajaua M Cb3/1aBa BHIMOKHOCT 32 CPABHEHHE Ha PAIHIHN KOH(pHrypawm.
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5. Ouenka Ha YHCACHHTE WICHLIBAHNS

[IpoBeACHHUTE CHMYIALMONHH M3CIIEBAHNS TIO3BOARBAT ONPCACAAHE HA BIHAHMCTO Ha
OCHOBHMTC reOMETPHYHH NAPAMETPH BLPXY XAPAKTCPHCTHKHTC Ha NETATCANAS anapar.

[Monyyenwre pesyaramy noxasear NOOOPRBAHE Ha XaPaKTEPHCTHKHTE IPH BHCCHE MPH
YBe/H'iaBalie IMaMCTLPA Ha BHTIIOTO, HAMAIABAHE HA JMCKOBOTO HATOBADBANE, H3MEHEHHE Ha
XAPaKTCPHCTHKHMTC B KPEHCCPCKH PEXHM BCAEICTRHE NPOMAHA HA NCOMETPHATA H HATHYHE Ha
KOMIOPOMMCCH OIITHMYM MEXNLY JBaTa PEAHMA.

Baxen pesyirar e ycraHoBspaHeTo, ue onTHmamHara KOHQHIypamusa 3aBHCH OT
npoduaa na mucuata. Tosa 0Ka3ea HEOGXOAMMOCTTA OT MHCHIHO OPHEHTHPAH NMOAXOA NpH
npoekTHpanero Ha VTOL nerarennu anapary.

6. Onenka ua excnepuMeRTATHATE HICTEABANNMS
EXCriepuMeHTAIHATA YaCT NPEACTARARBA ChIIECTBEH [PHHOC Ha AHCEPTAUMATA.

PaspaGorenara excriepuMenTanna nocTanoBKa no3sojABa HIC/IC/IBAHC HA THArOBMTE
XBpAKTEPHCTMKM Ha BMTAaTa, HEOOXOJMMATA  MOWHOCT, CKODOCTHHTE noseTa H
BIZUMO/ICHCTBHETO MEKTY BHTIIO H KPIIIO,

Hsnonasakero na merona PIV (Particle image velocimetry) npeacTaBngBa noaxoa a
HICICABAHE HA TEYEHHA U NOIBONIARA NOMYYABAHE HA AeTal1HA HHOOPMALMA 3a PAIBHTHETO HA
BHXPORATA CNleJa H BIAHMO/JCHCTBHETO MEX/TY CACMEHTHTE HA HOCEINATA CHCTEMA.

HMonydenute pesyatatd 3a BuTaa C anametpr 6, 7 W 9 uHYa nokassar 38KOHOMEPHO
WIMCHCHHC Ha XapakTEPHCTHKHTE H NOTELPRIABAT OCHOBHHMTE TCHACHUMH OT YHCICHHTE
HIC/ICABAHMHA,

7. OCHOBHH HAYYHH H HAYYHO-IPRIOKHNA pPHHEOCH
Tlpiemam GopmysIMPRHHTE OT ABTOPA IPHHOCH KATO PEATHO NOCTHIHATH.
Hayuun npunocu

I. Tlpepnoien e HOB XOMNAEKCEH reoMeTpwueH MApaMeTRP 38 ONHCAHHE HA HOCCIH
CHCTEMH KPHAO—BHTJIO.
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2. PaspaGorena € metosonorus Ja onmamusauns Ha VTOL nerarenuu anapati ypea
EHEPrUeH KpHTEPHIA.
3. Veranosena e 3aBuchMocTTa MCHKIY FEOMCTPHYHHTE NApaMeTpH M eHeprufinara

eheKTHBHOCT.

1. PaspaGorena e excnepumenransa METOMKA 38 AePOAMHAMMYHE HIC/ICABAHUA.
2. Cob3pancH e crens a H3CNCABAHE HA HOCRILM CHCTEMM KDHAO-BHTIIO,

3. Tpunoxen e PIV metos 3a H3MCDBaHE Ha CKOPOCTHH nofaeTa.

4. Paspaboren e KOHUENTYyaneH npoekt Ha Geanmunorens VIOL netarenen anapar,

8. Kpurwunu Geaemsn n npenopLKH

Keam mcepraumonsus tpys morat na Gnnar ompasenn ciegumTe NPENOPLKH;

O Moren j1a 6wne pasmmpen anamssT Ha TPCLIKHTE M HEONPEICNEHOCTTa NPH
CKCIEPUMCHTANIHNTE HIMEPBAHHS;

npH Gbaewn uicaeasanns 61 Guno nojsesno /i@ CC BKJTIOYH QHAMH3 Ha PavIHYHH
THIIOBC BHTA H CHIIOBH YCTRHOBKH;

AOCITLIHHTENHO paleuTHe OM NpeJICTABNSBAN AHANMIBT Ha chexture or
MAILAGHPAHETO NPH NPEMHHABANE OT MOAE] KbM PEAICH IETaTe/IeH alapar;
O GHno HHTEPECHO HIC/IEIBAHE HA BAMAHHETO H8 CHCTEMHTE 3a ynpaeieHHe
BBPXY ONTHMATHATA KOHDHIYPAIHA,

[TocoyennTe Genemun Hmar NPENOPBYHTE/ICH XAPAKTED H HE HaManiBar Hay4yHata
CTOAHOCT Ha NMPEJICTABEHHA TPYAL.

9. 3akimouenne

[lpeacapenust acepraumonen Tpyn npeacranassa 3ABBPIUEHO HAYYHO HICTCABAHE ¢
ACHO (hOpMyNMPaNa e, NOAXOAAINO H3BPaHA METOIHKA H HAYYHO-NPUIOAHH Pe3yIITaTH.



ABTOPBT NOKa3Ba 3aMbAGOYEHH SHAHKA M YMEHHA B OG/IACTTA Ha TEOPHATS HA BUTIOBHTE
CHCTCMH,  EKCNCDUMCHTRIHATA  SEPOJIHHAMMKA,  ONTHMH3AIMOHHHTC METOIH M
NPEABAPHTEIHOTO NpoekTHpane Ha VTOL cucremu.

TonyuennTe pe3yaTaTh NPEACTABNABAT NPUHOC KbM METOJONOIMATA 33 MPOEKTHPAHE M
ONTHMH3AUASA HA CTATENHH ANAPATH C BEPTHKATHO HUTHTAHE H KalaHe.

B33 0cHOBA Ha HVIOAKEHOTO /IABAM MOJOKMTEAHA ONCHKA HA AHCEPTALIMOHHMA TPYA M
CUHTaM, 4€ TOH OTToBaps Ha HIHCKBAHHATA 33 NPUCHAANE HA 0OPA3OBATENHATA M HAYYHA
CTENeH LA0KTOPY,

Ipepnaram Ha YBRKAEMOTO HAYMHO KYpH /A& UPHCHAM HA AOKTOPAHTA
ﬁp.”ma el I T 1 ) /mn. ,mmp“‘
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of a PhD dissertation for the award of the educational and scientific degree “Doctor”

Title: Investigation and Optimization of Parameters of Vertical Take-Off and Landing
Aircraft with a Wing—Propeller Lifting System

PhD Candidate: Eng. Martin Atanasov Zikyamov

Professional Field: Transport, shipping and aviation

Scientific Specialty: Design and Construction of Automatic and Piloted Aircraft
Reviewer: Prof, Asen Angelov Marinov, PhD

1. General Characteristics of the Dissertation

The dissertation submitted for review is dedicated to the investigation, analysis, and
optimization of parameters of Vertical Take-Off and Landing (VTOL) aircraft employing a
wing—propeller lifting system. The work addresses the complex problem of determining a
rational geometric configuration that ensures high energy efficiency during mission execution
involving multiple flight regimes—vertical flight/hover and horizontal cruise flight.

The topic of the dissertation is highly relevant and of significant importance for the
development of modem aviation technology, particularly in the fields of unmanned aerial
vehicles, electric propulsion systems, and urban air mobility concepts.

The object of the study is VTOL convertiplanes utilizing wing—propeller lifting systems,
in which lift is generated by a fixed wing and a propeller at different stages of flight, Particular
attention is given to tilt-rotor and tilt-wing configurations, with a primary focus on their modern
electric and hybrid variants intended for unmanned applications and urban air mobility.

The subject of the research includes the aerodynamic and geometric characteristics of
wing-propelicr lifting systems and their influence on the energy efficiency of the aircraft under
different mission profiles. Specifically, the study examines the impact of the ratio between wing
area and propeller area as key geometric parameters affecting the energy required for mission
execution, used as an optimality criterion.

The development of VTOL systems presents numerous scientific and engineering
challenges related to achieving an optimal compromise between high hover efficiency and
favorable acrodynamic performance in forward flight.
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The main objective of the dissertation is to treat the wing-propeller lifting system as a
unified aerodynamic and energy system, rather than as a combination of independently
optimized components. This approach aligns with contemporary trends in preliminary aircraft
design.

2. Relevance of the Research Problem

VTOL aircraft represent a rapidly evolving field in acrospace enginecring. The primary
design challenge lies in the need for a single configuration to successfully perform two
fundamentally conflicting tasks:

* ensuring sufficient thrust and efficiency in vertical flight;
* achieving high aerodynamic efficiency in horizontal flight.

In conventional aircraft, these functions are performed by separate specialized systems,
whereas VTOL configurations require an integrated solution.

In this context, the dissertation addresses an important scientific problem—determining
optimal parameters of the lifting system using a criterion based on minimum mission energy
consumption.

The relevance of the research is driven by the increasing application of unmanned VTOL
systems, the need for improved energy efficiency, the advancement of electric and hybrid
propulsion systems, and the demand for reliable preliminary design methodologies.

3. Structure and Content of the Dissertation

The dissertation is logically structured and includes:

o literature review;

« research methodology;

« numerical (simulation) studies:
» experimental investigations;

« general conclusions;

« contributions of the dissertation.

The structure demonstrates a proper understanding of the aircraft design process—from
theoretical formulation to experimental validation.
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4. Analysis of the Methodology
The research methodology combines analytical, numerical, and experimental

approaches,

Particularly noteworthy is the application of dimensional analysis using the
Buckingham [1-theorem. On this basis, a complex parameter -"’—505 is introduced to characterize

the relative area of the deflectable sections.

The selection of this parameter is scientifically justified, as it integrates multiple
configuration characteristics, including wing area, deflectable surface arca, disk loading, wing
loading, thrust-to-weight ratio, and power loading.

The proposed approach significantly simplifies the optimization problem and enables
comparison between different configurations.

5. Evaluation of Numerical Studies

The conducted simulations allow for assessment of the influence of key geometric
parameters on aircraft performance.

The results indicate:

* improved hover performance with increasing propeller diameter:

* reduced disk loading;

* variation in cruise characteristics due to geometric changes:

* the existence of a compromise optimum between hover and cruise regimes.

An important finding is that the optimal configuration depends on the mission profile,
demonstrating the necessity of a mission-oriented approach in VTOL gircraft design.

6. Evaluation of Experimental Studies

The experimental component represents a significant contribution of the dissertation.

The developed experimental setup enables investigation of propeller thrust
characteristics, required power, velocity fields, and wing-propeller interaction.
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The application of the Particle Image Velocimetry (PIV) method provides detailed
insight into flow behavior, including vortex wake development and interaction between lifting
system elements.

Results obtained for propellers with diameters of 6, 7, and 9 inches show consistent
trends and confirm the main findings of the numerical studies.

7. Main Scientific and Applied Contributions

I accept the contributions formulated by the author as genuinely achieved.

Scientific contributions:

A new xoMmmmekcen geometric parameter for describing wing—propeller systems is
proposed;

» A methodology for VTOL optimization based on an energy criterion is developed:

« Relationships between geometric parameters and energy efficiency are established;

« The influence of mission profile on optimal configuration selection is demonstrated.

Applied contributions:

* An experimental methodology for acrodynamic studies is developed;
o A test rig for investigating wing—propeller systems is created;

o The PIV method is applied for velocity field measurements;

» A conceptual design of an unmanned VTOL aircraft is developed.

8. Critical Remarks and Recommendations

The following recommendations may be made:

« the analysis of experimental errors and uncertainties could be further expanded;

o future work may include investigation of different propeller types and propulsion
systems;

« additional development could address scaling effects from model to full-scale aircraft;

« investigation of control system influence on optimal configuration would be of interest.

These remarks are of a recommendatory nature and do not diminish the scientific value of
the work.
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9. Conclusion

The submitted dissertation represents a complete scientific study with a clearly defined
objective, an appropriately selected methodology, and meaningful scientific and applied results.

The author demonstrates in-depth knowledge and competence in propeller theory,
experimental aerodynamics, optimization methods, and preliminary design of VTOL systems.

The obtained results contribute to the methodology for design and optimization of
VTOL aircraft.

Based on the above, I give a positive evaluation of the dissertation and conclude that it
meets the requirements for the award of the educational and scientific degree “Doctor™.

I recommend that the esteemed scientific jury award the PhD degree to the candidate.
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