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1. AKTyaJIHOCT Ha pa3paGoTeHUus B JUCEPTANMOHHUS TPYA MPodIeM
B nuceprauuonnus Tpya ca pa3pabOoTeHH MaTeMaTUYHU MOJEH 332 YHCICHO CUMYJIHpaHe

Ha MYJITU(QU3NYHUTE MPOLECH B EJNEKTPOJIM3HM W TOPUBHU KJETKa C IeJl aHaJu3upaHe U
NOBMIIaBaHe Ha TixHaTa edexkTuBHOCT. Ha Tasu 6a3za ca mpennoxeHW HOBU KOH(UI'ypalu Ha
€JIEKTPOJIN3bOP U TOPUBHA KJIETKA, KOUTO Ca CPAaBHEHU ChC ChIIECTBYBAIIM TEXHUUECKU PEIICHUS.
ToBa e mo3BoNMMIO Ja Ce aHAIM3UPAT TEXHUTE NPEIUMCTBA U HENOCTATBLUU C OIJIE] Ha
MIPaKTUYECKOTO UM IIPUIIOKEHHUE.

[TonoOpsiBaHeTO Ha MPOU3BOAUTEIHOCTTa, €(PEKTHBHOCTTA M HAISKTHOCTTa HA TE3U
OCHOBHH 32 BOJIOPO/IHATa EHEpIreTHKa EHeprorpeodpa3yBaly CUCTEMH Ca aKTyallHU 3a/1a4l, YUETO
pelaBaHe M3MCKBa 3HaHMs B 00JIACTTa HA TEPMOJIMHAMMKATA, (PU3UKOXUMUSATA, €IEKTPOXUMHUATA,
eJIEKTPOTEXHUKAaTa M IPEHOCHUTE IMpoLecH. MOAEIMpaHeTO W YHUCIEHOTO CHUMYJIHpaHE Ha
B3aUMHO-CBBP3aHUTE €IEKTPOXUMUYHH, XUAPOJIUHAMUYHM, TOIJIO- 1 MAaCOIIPEHOCHHU MPOLIECH ca
CHBPEMEHHHU MHCTPYMEHTH 3a CIpaBsHe ¢ Te3u mpobdiemu. ToBa J0Kka3Ba akTyaTHOCTTa Ha LEITUTE,
3aJlauMTe B JUCEPTALMOHHUA TPyl Ha MHXK. [{uisiH 'aBpauniioB 1 Ha cpefcTBaTa 3a IOCTUTAHETO UM.

2. CremneH Ha MO3HABAHE HA CHCTOSIHMETO HA MPodJieMa.

[TpencraBeHuAT qucepTalMOHEH TpyJ oOxBamia 167 cTpaHuIM, BKIIOUBAIIM U CIUCHILU C
nyosiukanuy, 3a0ens3aHd LUTAaTH, y4acTusl B KoH(pepeHuuu u oOyueHus. Llutupanu ca 210
JUTEpaTypHU M3TOYHMKA NpeoliajgaBallo HAa AHIVIMHCKU €3HK, MO-TojisiMa 4acT OT KOWUTO ca
nyOJIMKYBaHU Tpe3 MOCIEAHOTO AeceTmiieTre. OT HHTepIpeTalusITa Ha IUTUPAHUTE JIUTEPATyPHH
M3TOYHUIIM B TEKCTa HA JUCEPTALUATA € BUJIHO, Y€ JOKTOPAHTHT € J0Ope 3am03HaT ¢ npolaeMuTe
B 00JacTTa Ha MOJIy9aBaHETO Ha BOJOPO] Ype3 €IEKTPOIH3a M Ha ,,U3rapsHETO" My B TOPHBHHU
KIEeTKH. B pesynrar ca opMynupaHu akTyaTHU [EJTH U 33a4 U ca M30paHy TOIX OIS METOIH
32 IOCTUTAHETO MM.

3. CbhoTBeTcTBME HA M30paHATa METOAMKA HA U3CJeJABaHEe, MOCTABEHUTE LeJ H
3a/1a44 HA JUCEPTALUOHHUSA TPYJ C MOCTUTHATHTE NPUHOCH
MogenupaHero 1 KOMIIOTBPHOTO CUMYJIMPAHE HA MPOLECUTE B €IEKTOJIU3bOPU U TOPUBHU
KIETKA TIO3BOJISIBAT JETAlIHO aHAIM3WpaHe Ha TPUM3MEPHUTE TMOJjeTa W TPAJAHCHTH Ha
HaIpeXEHUATA, TUTBTHOCTTA Ha €JICKTPUYECKHUS TOK, CBhp3aHuTe ¢ TAX edektn Ha [xayn-Jlen,
TeMIIEpAaTypHH TI0JIeTa U MOIIHOCTH, CKOPOCTHHUTE TIOJIETa U HAISTAHETO U €HEPTUUHUTE 3aryOu.
Upe3 TO3M momxox Morar ja ObJaT aHAIM3UPAHU PA3JIUYHH ChHINECTBYBAIIM W MPOEKTO-
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KOH(QUTYypallu Ha eJIEKTPOJIU3bOPH U TOPUBHH KIETKH, KOETO € JE€MOHCTPHUPAaHO B
JUCEepTAalMOHHUA Tpyd. MoJenute U KOHUENIUUTE 32 YHCIEHOTO UM pelIlaBaHe ca BalIUIUpaHU
Yype3 CpaBHEHHWE Ha M3YHMCIEHW W HU3MEpPEHH MapamMeTpu B peanHu moxynu. llpoBenena e
BepuUKaLMs Ha YUCICHUTE PEUICHHs Ype3 ChIIOCTaBKA HA U3UUCICHUTE MOJIAPU3ALMOHHHI KPUBH
Ha M3CJEBAaHUTE CHCTEMU IpPH pa3juyHa T'bCTOTATa HA MPEXKHUTE OT KpallHU eJeMEHTH,
anPOKCUMHUPAIIU TeOMETPUIHUTE Mo 1. OOSCHEHH Ca MO-TOJIEMUTE Pa3IIUKHA MEXTY MOJICTHUTE
pe3yNTaTH W pealHUTEe JaHHU, KOETO € OCHOBAaHME 3a ObJeNM MoJ0OpeHus B mojenute. ToBa
Ch37[aBa JIOBEPHE B U3CIECIOBATEIICKUTE PE3YJITaTH M B YMECTHOCTTa Ha M30paHUTE METOAHM H
CpeJiCTBa 3a OCTUTaHE HA MTOCTAaBEHUTE LEJIH.

4. Hay4HO-NPHJIOKHH MPHHOCH HA AMCEPTANHOHHUS TPYA

CoprimacHa cbM ¢ (popMyIHpaHUTEe B AUCEPTAMOHHMS TPYI MPUHOCH M CUMTAM 4Ye Te ca
HaY4HO-TIPHIIOKHH.

Ceraacuo IlpaBwiHuK 32 yCIOBUSITa U peaa 3a NMpuIo0MBaHEe HA HAYYHU CTEreHH B TY—
Codusi:

- MaTeMaTHYHUTE MOJICNH, MO3BOJSBAIM YHCICHW aHAIW3 WM BH3yalM3alus Ha
XapakTepHU TPUU3MEPHHU TOJIETa U TPAJAUEHTH B €JNEKTPOIU3bOPUTE U TOPUBHUTE KIETKH
II03BOJISIBAT ,,JIOKA3BAaHE C HOBH CPEJCTBA HA CHIIECTBEHU CTPAHU B CHIECTBYBAIIN HAYYHH
npoOaemMu*,

- TPEUIOKCHUTE HOBU KOH(UTYpalMU Ha IO-KOMITAKTEH €JIEKTPOJIM3bOp C TOPECTH
SNIEKTPOIY M Ha KaHAJHAaTa CTPYKTypa 3a IOJaBaHE Ha BB3/yXa, U 3a OTBEXKIAHETO MY
3aeJHO C TOJy4YeHaTa BOJa IpW KaroJa Ha TOPUBHUTE KIETKM OMXa MOITH Ja ce
0XapaKTEepU3UpPaT KaTo ,,Ch3/1aBaHE HA HOBU KOHCTPYKLIHK

- KOHIIENIMATA 3a M3IO0J3BaHE HA pa3paboTEHHTE MOJENU 3a OINpeleisHe Ha
HOJIXOAAIIN KOH(GHUTYypallii Ha EJEKTPOJIU3bOPU B CHOTBETCTBHE C BOJIT-aMIICPHHUTE
XapaKTEPUCTHKHN Ha (DOTOBOJITAMYHH CUCTEMH C LIeJT €()eKTUBHO MPOU3BOACTBO HA BOJIOPO.
CBIIO0 MOraT Jia ce oXapakTepusupar KaTo ,,;JOKa3BaHE C HOBHM CPEJCTBAa Ha ChIIECTBEHU
CTpaHM B CHILECTBYBAIIM HAYYHU poOIemMu.

PazyuaBanero Ha moxyn Fuel Cell & Electrolyzer Ha codryepen maker COMSOL
Multiphysics 6.2 u aganTupaHeTo My 3a MOJICITPAHE U KOMITIOTHPHO CUMYJIUPAHE Ha MPOIIECHTE B
KOHKPETHH TOPHBHU KIETKH U €IEKTPOIM3BOPH € TEXKa 3aJada, KOSTO HMa YCTOWYHB
oOpa3oBaresyieH eeKxT.

5. IpeueHka Ha MyOJMKAIMUTE 1O TUCEPTALMOHHUS TPY]

N3cnensanust Mo JUCEPTALMOHHUS TPY/A ca IMyOJUKYBAaHHU B S MyOIMKAIIMH B Uy>KI€CTPaHHU
U3JIaHUs C UMIIAKT-PAHT, JIB€ OT KOMTO ca U ¢ uMmnakr-paktop. Te ca untupanu Hax 14 mbru.
W3cnenoBaresncku pe3yiTaT ¢ IPeJCTaBeHU Ha 6 MEXIyHapOIHH U HALIMOHATHU KOH(pEPEHIIHH.
[TyGnukanuuTe ca JOCTaThYHM 3a IOJIydyaBaHe Ha oOpa3oBaTelHaTa M HayyHa CTENEH JIOKTOP
CBIVIACHO 3aKOHA 3a Pa3BUTHE HA aKaJIEMUYHUsS ChCTaB Ha PemyOnuka beiarapus, npaBmiHUKa 32
npuiaraHeto My u [IpaBHMITHUK 3a yCIOBUATAa M pena 3a MpuaoOMBaHe Ha HAYYHU cTerneHu B TY—
Codus.

6. MHeHMs, IPENOPBKH U 3a0e/1eXKKH.
JlucepTalluoHHUS TPy ChABP)KA TOJIAM O0EM aKTyallHM M TOJIE3HH 3a WH)XKEHEepHaTa
NpaKTHKa M HayyHaTa OOLIHOCT wu3cinenBaHus. JluteparypHUST 0030p W ONHMCAHUETO Ha
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u3cnepoBarenckata paboTa ca TpeACTaBEHHM CTETHATO, TpU Cla3BaHe Ha JIOTHYecKa
MOCJIEJ0BATETHOCT.

[Ipu mpernena Ha Tpyna ca 3a0ens3aHU HAKOUW MPOMYCKH, TEXHUYECKU TPELIKU U
HETOYHOCTH B TEPMHUHHU, KOUTO ca OOCHJIEHU C JOKTOpPAHTA M HETrOBUAT pbKoBoAuTeln. Jlumcpar
IPaHUYHHU YCJIOBUS 32 MOJIEIHMpaHE Ha TOIIOOOMEHA, HAa EJNEKTPOXMMHUYHUTE MpPOLECH M Ha
CBBp3aHU C TAX (PU3MKOXMMUYHM CBOMCTBA B ONMHMCaHHETO Ha Mojnenute. [Ipu onmucanmeTo Ha
pesynratute oT moaenute Ha ¢urypa IX.6 m B Tekcra ciieq ToBa ce MpaBAT OOBPKBAHUS TPU
CIIOMEeHaBaHeTo Ha MacoBwust aeout (mass flow rate) u mrbTHOCT Ha MacoBwust motok (Mass flux).

JluricBat OOSICHEHHsI 3a IO-BHCOKHTE KOHIEHTpauuu Ha Kuciopona Ha ¢ur. IX.5 ot
KOHIIEHTPALMUTE MYy BbB Bb3AyXa U 3a MO-BUCOKUTE OT | CTOWHOCTU Ha BOJAHATa aKTUBHOCT Ha
¢durypa IX.7 u IX.8, ynsato neuHUIMS B TUCEPTAMOHHUS TPY CbOTBETCTBA HA Ne(hUHHUIIMATA HA
OTHOCHTEJIHATA BIIAXXHOCT Ha Bb3AyXa.

CriomeHaTHTe NPOMYCKHU HE OMaJIOBa)KaBaT CTOMHOCTTA HAa IOCTUTHATUTE U3CIIE0BATEICKU
pe3yTaTH U TeXKECTTa Ha JUCepTaunoHHus TpyA. [IpenopbuBam Ha uHX. ['aBpaniioB 1a mpoabIKA
na paboTH MO TeMaTHKaTa, /1a YChBBPUICHCTBA W HAATPaXJa CHh3AAJCHUTE MOJECIU U Ja MMa
BB3MOKHOCTH KaKTO Ja T ITpujiara B MPaKTHKaTa, Taka v J1a IpeaaBa NpUI0OUTHTE 3HAHHUS.

7. 3akJIl04eHue.

CumTaMm, 4Ye IUCEPTAlMOHHUAT TpPYH, pa3paboTeH ot wmar. umk. Junsn MHopnaxos
["aBpausioB 1oJi pPbKOBOJICTBOTO Ha HETrOBHsS PBKOBOAMTEN, OOXBallla IMOJE3HU H3CIECIBAHUS C
IIPUHOCH B 00JIaCTTa Ha BOJAOpPOJHATA €HEpreTHkKa U uMa ycToHuuB oOpa3oBareseH edekr. Bb3
OCHOBa Ha TOBa Ipe/ylaraM Ha yBa)XKaEMHUTE WIEHOBE HAa HAy4yHOTO XypH Ja rjacyBar 3a
IpUCHKIaHe HA 00pa3oBaTeIHATa M HaydHa cremeH ,,JJokTop™ Ha mar. mmx. JuisH Mopnanos
aBpanioB mo Hay4Hara CIEUUATHOCT ,,[epMUYHM W SAPEHU MEHTpaIM™ B MpodecroHaIHO
HanpasiieHue 5.4 Enepreruka, o0nact Ha Bucuie oopazoBaHue 5. TexHUUECKH HAYKU.

12.05.2026 r. MBrOTBUIL: .o
Mpod. n-p umwk. H. [lenkosa/



OPINION

on a dissertation thesis for obtaining the educational and scientific degree “Doctor” in
the scientific specialty “Thermal and Nuclear Power Plants” in professional field 5.4
Energetics, higher education area 5. Technical Sciences

Author of the thesis: M. eng. Dilyan Yordanov Gavrailov

Scientific supervisors: Prof. PhD. eng. Silvia Vasileva Boycheva

Title: Exploring opportunities to improve the efficiency of electrolysis and fuel cells in
hydrogen energy systems

Member of the scientific jury: Prof. PhD. eng. Nina Yankova Penkova, University of
Chemical Technology and Metallurgy

1. Relevance of the problem addressed in the dissertation thesis

The dissertation thesis develops mathematical models for numerical simulation of the
multiphysical processes in electrolysis and fuel cells for the purpose of analyzing and
improving their efficiency. On this basis, new configurations of an electrolyzer and a fuel cell
are proposed and compared with existing technical solutions. This has made it possible to
analyze their advantages and disadvantages with regard to their practical application.
Improving the performance, efficiency, and reliability of these key hydrogen energy
conversion systems are current and important tasks whose solution requires knowledge in the
fields of thermodynamics, physicochemistry, electrochemistry, electrical engineering, and
transport phenomena. Modeling and numerical simulation of the coupled electrochemical,
hydrodynamic, heat- and mass-transfer processes are modern tools for addressing these
problems. This proves the relevance of the objectives and tasks in the dissertation work of
Eng. Dilyan Gavrailov, as well as the methods used to achieve them.

2. Degree of familiarity with the state of the problem

The presented dissertation thesis comprises 167 pages, including lists of publications,
observed citations, participation in conferences, and training activities. A total of 210
literature sources are cited, predominantly in English, most of which have been published
during the last decade. From the interpretation of the cited literature sources in the dissertation
text, it is evident that the doctoral candidate is well acquainted with the problems in the field
of hydrogen production through electrolysis and its “combustion” in fuel cells. As a result,
relevant objectives and tasks have been formulated, and appropriate methods have been
selected for achieving them.

3. Correspondence between the selected research methodology, the stated objectives and
tasks of the dissertation thesis, and the achieved contributions

The modeling and computer simulation of the processes in electrolyzers and fuel cells allow
detailed analysis of the three-dimensional fields and gradients of voltages, electric current
density, the associated Joule—Lenz effects, temperature fields and power, velocity fields and



pressure, and energy losses. Through this approach, various existing and design
configurations of electrolyzers and fuel cells can be analyzed, which has been demonstrated in
the dissertation thesis. The models and concepts for their numerical solution have been
validated through comparison between calculated and measured parameters in real modules.
Verification of the numerical solutions has been carried out through comparison of the
calculated polarization curves of the studied systems at different densities of the finite-
element meshes approximating the geometric models. The larger discrepancies between the
model results and the real data have been explained, which provides grounds for future
improvements of the models. This creates confidence in the research results and in the
appropriateness of the selected methods and tools for achieving the stated objectives.

4. Scientific and applied contributions of the dissertation thesis
| agree with the contributions formulated in the dissertation thesis and consider them to be
scientific and applied in nature.

According to the Regulations for the Conditions and Procedure for Acquiring Scientific
Degrees at TU-Sofia:

» the mathematical models enabling numerical analysis and visualization of characteristic
three-dimensional fields and gradients in electrolyzers and fuel cells allow “proof by new
means of essential aspects of existing scientific problems”;

» the proposed new configurations of a more compact electrolyzer with porous electrodes and
of the channel structure for supplying air and removing it together with the produced water at
the cathode of fuel cells could be characterized as “creation of new designs”;

» the concept of using the developed models to determine suitable electrolyzer configurations
in accordance with the volt-ampere characteristics of photovoltaic systems for the purpose of
efficient hydrogen production may also be characterized as “proof by new means of essential
aspects of existing scientific problems”.

Studying the Fuel Cell & Electrolyzer module of the COMSOL Multiphysics 6.2 software
package and adapting it for modeling and computer simulation of the processes in fuel cells
and electrolyzers is a demanding task that has a sustainable educational effect.

5. Assessment of the publications related to the dissertation thesis

Research related to the dissertation thesis has been published in 5 publications in foreign
journals with impact rank, two of which also have an impact factor. They have been cited
more than 14 times. Research results have been presented at 6 international and national
conferences.

The publications are sufficient for obtaining the educational and scientific degree “Doctor” in
accordance with the Law on the Development of the Academic Staff in the Republic of
Bulgaria, its implementing regulations, and the Regulations for the Conditions and Procedure
for Acquiring Scientific Degrees at TU-Sofia.



6. Opinions, recommendations, and remarks

The dissertation thesis contains a large volume of up-to-date and useful research for
engineering practice and the scientific community. The literature review and the description of
the research work are presented concisely and in a logical sequence.

During the review of the thesis, some omissions, technical errors, and inaccuracies in
terminology were identified and discussed with the doctoral candidate and his supervisor.
Boundary conditions for modeling heat transfer are missing from the description of the
models. In the description of the model results in Figure IX.6 and below in the text, confusion
is made between mass flow rate and mass flux, as well as in the dimension of the latter.

There are no explanations for the higher oxygen concentrations in Fig. IX.5 compared to those
in air, nor for the values of water activity higher than 1 in Figures IX.7 and 1X.8, whose
definition in the dissertation thesis corresponds to the definition of relative air humidity.

The mentioned omissions do not diminish the value of the achieved research results and the
significance of the dissertation thesis. | recommend that Eng. Gavrailov continue working on
the topic, improve and further develop the created models, and have opportunities both to
apply them in practice and to pass on the acquired knowledge.

7. Conclusion

| believe that the dissertation thesis developed by eng. Dilyan Yordanov Gavrailov under the
supervision of his scientific advisor encompasses useful research with contributions in the
field of hydrogen energy and has a lasting educational effect. On this basis, | propose that the
esteemed members of the scientific jury vote in favor of awarding the educational and
scientific degree “Doctor” to eng. Dilyan Yordanov Gavrailov in the scientific specialty
“Thermal and Nuclear Power Plants” in professional field 5.4 Energetics, higher education
area 5. Technical Sciences.

12.05.2026 Jury Member: ...

[Prof. Dr. Eng. N. Penkova/



