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PEUEH3UA

BbPXY ANCEPTaALMOHEH Tpya 3a npuaobusaHe Ha obpasoBaTenHa n HayyHa
cTeneH ,AoKTop”

ABTop: mar. uHXx. Hapexxpga lumutposa BacuneBa
Tema Ha gncepTauUMoHEH TPYA:
»,NMoaenupaHe u uscneasaHe Ha XMbpuaHU TONNIMHHU cuctemun”

PeueHseHT: gou. a-p uk. N'eoprm Jenyes TomoB

MpenctaBeHUAT MU 3a PELIEH3US ANCepTaUMOHeH Tpya e ¢ obem ot 171
CTpaHULK, BKIOUBALLW TEKCT, 79 6pos cdurypu un 21 bposa Tabnuuum.

1.  AKTyanHocT Ha pa3paboTBaHus B AMCEpPTaLMOHHUA Tpyn npobnem
B HayYHO W Hay4YHOMPUNOXHO OTHouweHue. CTeneH M HMBaA Ha
aKTyanHocTTa Ha npobnemMa M KOHKpeTHMTe 3agauu, paspaboTteHu B
AucepraumaTa.

OVcepTauMoHHMAT TPyA, € Ha Tema Mpsiko CBbp3aHa C W3MNON3BaHETO Ha
Bb30OHOBSieMa eHeprus. AKTyanHocTTa Ha pa3paboTeHus npobrnem e U3BbH
BCSIKAKBO CbMHEHME, Thbil KaTo € NPSKO CBbp3aHa C OnasBaHETO Ha OKOSHaTa
cpefa 1 yCTONYMBOTO pasBuTUE.

OcHoBHa Len Ha AucepTaLMOHHWA TPyA € fAa ce cb3gafje v Banugupa
CUMynauMoHeH Moaen Ha yHKLUMOHWpaHETO Ha xubpuaHa TonnuHa cuctema
(XTC), noseonsBall peanusnpaHeTO Ha pPasfUYHU pexmnmm Ha pabota u
JeicTBaly nNpu pasnMyHuM  KNMmaTudHu ycnosus. B cboTBeTcTBME C
nocTtaBeHaTa uen ca hhopMysiMpaHu cneaHUTe 3adauum:

¢ Cmb3paBaHe, c nomMoLlTa Ha nogxogsLla nporpamMmHa cpega, Ha MaTeMaTUYHN

Mogenu Ha KomnoHeHTute Ha XTC, TakmBa KaTo Hanpumep CIbHYEBU
KonekTopwu, Tepmonomnu, BydepHn pesepeoapu, ToNNOoOMEHHNULM U Ap.;
Cb3gaBaHe Ha MaTeMaTU4HU MoAeny Ha dyHKUMOHMpaHeTo Ha XnbpuaHata
TOMMUHHA CUCTEMA B PasfnyHK PEXUMK Ha paboTa;

BanuaupaHe Ha cb3pgageHuTe mogenu Ha XTC ¢ nsnonsaHeTo Ha AaHHW
OT eKcnepuMeHTanHu uscnepsaHus. 3a Aa 6bae BanuavpaH MoAenbsT Ha

[afeH pexum, TpsbBa Ja ce CpaBHAT pesynTaTtuTe OT cumynauuute c
peanHun ekcnepumMeHTalnHun OaHHN, C'b6paHV| OT WHCTallauunAaTa 3a CbLUunA



pexvMm. ToBa € KpUTUYEH eTan, KOWTO [AoKasBa, Ye MoJernvTe ageKkBaTHO
OoTpassiBaT peanHaTa paboTa Ha cuctemaTa.;

¢ Cb3pnaBaHe 1 TecTBaHe Ha CUMyNaUMOHEH MOAEN Ha (YHKLMOHUPAHETO Ha
uanata XTC, nossonsBaly peanusvpaHeTo Ha PasfUYHUTE PEeXVUMU Ha
paboTa u gencTBaLy Npu pPasnuyHN KIMMaTUYHM

2. CrteneH Ha nosHaBaHe CbLCTOSIHUETO Ha npobrnema u TBOpuYecka
UHTeprnpeTaums Ha NUTepaTypHUSA maTepuan.

JNntepaTypHuAaT o63op obxsaiya 140 usTouHuka, 10 Ha 6brrapckn esnk u 130
Ha aHrMUACKW. 3arnaeuATa NokassaT Ye AOKTOPaHTBLT Ce € 3ano3Han ¢ LUMPOoK
Kpbr MaTepuanu no npobnemu cebp3aHW C TemaTa, HAKOM OT KOTO TpeTupar
(PyHAAMEHTaNHN HayYHN BBNPOCK, HO MOBEYETO C Hay4YHO-MPUMNOXEH XapaKTep,
CBbP3aHN C KOHKpeTuka KakTo 3a XTC # TeXHWTe KOMMOHEHTW, Taka U 3a
METOANTE N CpeacTBaTa 3a CMMyMpaHe Ha NpoLecnuTe B TSX.

3. CwobotBeTcTBMEe Ha u3bpaHaTa MeToAMKAa Ha uU3CneABaHe C
nocraseHara Len U 3afavv Ha AMcepTaLuMoHHUS TPyA.

UsbpaHaTa MeTogMka HaMbLMHO CLOTBETCTBA Ha LUEnuTe U 3ajadnTte Ha
AncepTauuoHHna Tpyan. [aHHWTe, HeobxoguMmm 3a oOCblUecTBABaHe Ha
cMMynauMoHHaTa cxema W BepuduunpaHeTo Ha pPasnUYHUTE N PEXUMU Ha
paboTta, ca nonydyeHu OT MpeAxoAHO uscrneaBaHe Ha xubpuaHa MHCTanauums
6asupaHa BLB BTOpU Kopnyc Ha TY-Codus, counman Mnoeame, KoATO Cbabpxa
3eMHo HasvMpaHa Tepmornomna, CMbHYEBU KONEKTOPWU W NaTEHTEH TOMMUHEH
akymynaTop. 3a uenuTe Ha npoBeXxaaHoTo u3crneaBaHe € usbpaH nporpameH
naketT TRNSYS, ¢ HAKONKO WHTErpuvpaHn Mogyna u ronsm Habop oT
6ubnuoteyHn moaenu.

4, KpaTKa adHaNIMTU4YHa XapakTepuctTuka Ha eCTeCTBOTO U OLeHKa Ha
AOCTOBEpPHOCTTa Ha MaTepuana, BbpXy KOUTO ce rpagaT npuUuHoOCUTe Ha
AunceprtaunoHHuUsA TpyAa.

B cboTBeTCTBME C NOCTaBeHaTa LieN M OCHOBHMTE 3afayn B AUCEPTALMOHHMS
TPYA € NpoeKkTupaHa cumynauuMoHa cxema Ha XTC, cbCTaBeHa OT CNbHYEBU
KONeKkTopu, eAnHUYeH BepTUKaneH TOnnooOMEHHUK, TepMonomna BoAa-BOAa,
koHBekTop, 1501 Oydep, 2001 n 3001 BogHn pesepsoapu. MscnepgBaHo €
NMoBeAeHNEeTO Ha cucTemMaTa npu pasnuyHu pexumyn Ha paboTta v pasnuyHu
KMMMaTU4YHW YCMOBUA, KaTo ca nogbpaHu noaxoddwM maTteMaTU4yHu Mogenu
Ha KOMMOHEHTUTE OT KouTo € cbcTaBeHa XTC. HanpaseHa e obuwa
cumyriaumoHHa cxema Ha cuctemata B TRNSYS wu ca npourpaHu net pexuma
Ha paboTa. HanapaBeHa e Bepudumkauma Ha JaHHUTE nonyYeHn oT npeaxoaHo
eKCnepuMeHTanHo wuscnegBaHe 3a BCUYKW PEXMMW, NpeacTaBeHn Ypes
anarpamun. Cb3fgadeH e cumynauuMoHHeH Mogen Ha crpagata ype3 TRNBuild.
HanpaBeHo e cpaBHEHWE MeXaY TeMnepaTypHUTE U EHEPrMUHUTE Npodunn Ha



cuctemata 3a rpag [nosgue u rpap XenswHkn. [locToBepHOCTTa Ha
HanpaBeHUTE wn3cnenBaHundATa W pe3yntatute OT TAX Cca W3BbH BCAKaAKBO
CbMHEHWE.

5. HayyHu w/unu Hay4YyHONMPUIIOXKHU TMPUHOCU MpeTeHAUpPaHM B
AncepTaLUOHHUS TpyA.

Hayu4yHo-npunoxHu npuHocu:

1. B cpegata Ha TRNSYS Simulation Studio ca cbsgageHn cumynaumoHHu
mMoaenu Ha yHKUMoHpaHeTo Ha XTC 3a oTonneHue u oxnaxaaHe Ha crpagu
npu paboTaTa 1 B neT 6a3oBu pexuma:

2. HanpaBeHo e BepucduumpaHe Ha GYHKLUWOHMPAHETO Ha cucTemaTta B
npoueca Ha paboTaTta 1 B NeTTe pexuma. BepudmumpaHeTo e U3BbPLLEHO Ypes
CpaBHeHVWe Ha pesynraTuTe OT cuMynauusaTa C NoMoLTa Ha KoMepcuanHus
codtyep TRNSYS, ¢ gaHHUTE OT ekcrnepMMeHTarnHo M3MepeHNUTE CTOMHOCTU Ha
CpaBHABaHWUTE NapamMeTpu. BepudukaumaTta otymta MHOro 4obpo cbBnageHne
Ha U3MEPEHUTE N CUMYINPAHU CTOMHOCTM.

3. Cb3pgaHeH e mogen B TRNSYS, koiTo nossonsiBa fga ce nscnensa paborata
Ha cucTemaTa B MeTTe pexuma Ha pabota. PexummTe ca cBbp3aHn B 0OLla
cXxema, 3a [a ce aHanusvpa BMWAHWUETO Ha OTAENHUTE napameTpu BbpXy
paboTaTta Ha udnata cuctema. To3n MNOAXOA MNO3BOMsSiBA Aa Ce Mpunoxar
pasnMYHN anropuTMn 3a ONTUMM3aUuuMd, MNO3BONABaLWlM OTYUTAHETO Ha
KOHKPETHUTE KIIMMaTUYHU OCODEHOCTU Ha NoKauusTa, KakToO M U3BBbPLUBAHETO
Ha onTumaneH n3bop Ha KpUTeEpUUTE 3a NPeMmNHaBaHe OT e4UH PEXUM B APYT.

MpunoxHu npuHocK:

1. Cb3gageH e anropMTbM 3a U3MNon3BaHe Ha MeTofuKaTa 3a U3YmcnsiBaHe Ha
koepuumeHta Ha nokpute Ha XTC C Uen noBulIaBaHeE e€eHeprunHaTa
edekTMBHOCT U npopyktueHocT. KaTto nokasaten 3a eeKTUBHOCT,
KOe(PNLUMEHTHLT Ha MOKPUTUE OLIEHsSBa B KakBa CTerneH cuctemara ycnsiea na
M3nonssa Hanu4HWTE PECYpPCU - KaTo ClbHYEBaTa €Heprus, TonnooOMeHHUS
noTeHuMan v Jpyru, 3a fAa noanoMorHe oTonnuTenHua npouec. Tosa
Nno3BofigBa Ha WHXeHepuTe W AusailHepuTe Aa onpefenat noTeHuuanHute
EHepruiHn mn3rogn M ga OonTUMU3MPAT KOHdurypaumsaTa u onepaTuBHUTE
napamMeTpu Ha cucTemMara 3a NocTUraHe Ha no-ronsiMa eeKkTUBHOCT.

2. HanpaBeH e aHanun3 Ha edekTnBHocTTa Ha XTC npu pasnuyHn KNnmMaTuyHu
ycnosus. AHanu3bLT € U3BbPLUEH upes cumynauuu, basupaHu Ha codpTyepa
TRNSYS u nognporpamata TRNBuild. CpaBHeHMeETO Mexay TemnepaTypHUTe
XapaKTEPUCTMKN Ha XubpugHuTe TONMMHHU cuctemu B [lnoBamB 1 XensuHKu
nokasea, ye MoOAensLT Moxe Aa 6bae M3nNonsBaH NpU PasnUUHK KNUMaATUYHU
ycnosus.

6. OueHKa 3a CTeneHtTa Ha JUWYHOTO Yy4yacTue Ha AucCepTaHTa B
NPUHOCHTE.



BugHo € BOJELLOTO YyyacTue Ha [OKTopaHTa BbB BCUYKM eTanu Ha
AMcepTaunoHHUA Tpya. Hama nHaukauum sa nnarmaTcTeo.

7. MpeueHka Ha nybnukauuuTe Mo AucepTalUOHHUA TPYA.

MocoyeHn ca 7 Gpos HaydyHU nyGrnukauuym B MEXAYHapOAHW KOHMEpPEeHLUn u
6bLnrapcku usaaHua. EgHaTa e caMocToATenHa, LUEeCT ca B CbaBTOPCTBO, KaTo
[OKTOpaHTKaTa e Bojell aBTop B 2 oT Tax. Cnoped MeH kaTo 6poii, TemaTuka u
cbAbpXKaHUe HaMbIIHO OTrOBapPAT U HaABWLLABAT USUCKBAHMATA 3a NofyJaBaHe
Ha obpasoBaTeNnHo-Hay4yHa CTENEH AOKTOP.

8. OueHKka Ha CbOTBETCTBUETO Ha aBTOpedpepaTa ¢ U3UCKBaHUATa 3a
M3rOTBAHETO My, KakTO M Ha ajeKkBaTHOCTTa Ha OTpas3siBaHe Ha
OCHOBHUTE NOMOXEHUs U NPUHOCUTE Ha AucepTaLMOHHUA TPyA.

ABTOpedepaThT OTroBaps Ha U3UCKBAHWSATA U € HambiHO NPEACTaBUTESIEH 3a
OUCEepPTaLMNOHHMSA TPYA,.

9. MHeHus, NpenopBbLKU U Benexku.

MMmamM HesHauuTenHu 3abenexku no odopMneHUeTo Ha auceptauudarta
(npumepHo AaybnupaHe Ha Homepauus Ha Tabnuua 4.7) u rpacpuyHOTO
npeacTtaBsHe Ha CcxemHuTe pelleHus. [lpenopbyBam fa ce NPOABLITKM
paboTaTta no TemaTtukaTa, KaTo ce pasLUpAT U 3agbnboyaT no3HaHuATa no
MoAenupaHe Ha npouecutTe W cucTemuTe, kato ce Aafe npuoputeT Ha
OPUMMHaNHN PELLIEHUS, C BB3MOXHOCT 3a Mmybnukauuv B NPECTUXHW Hay4HU
n3gaHus.

10. 3aknoyeHue

CuuTam, Ye NpeAcTaBeHUST AUCepTaLMOHEH TpyA OTroBaps Ha USUCKBaHWATA
Ha 3PACPE u lMpasunHuka Ha TY-Codusa 3a HEroBoTO NPUIOXKeHWe, KOETO MU
naBa ocHosaHue ga ro oueHs MOJIOXUTENHO.

MpeAanaraM Ha yBaXaemMoTO Hay4HO Xypu Aa NpUCHAM Ha Mar. MHX.

Hapexna [OumutpoBa Bacunesa oGpasoBatenHa M Hay4Ha cTeneH
[OKTOP no npodecuoHanHo HanpaeneHue 5.4. EHepreTuka.

fata: 01.08.2025 r. PEUEH3EHT:
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The dissertation submitted for review consists of 172 pages, including
text, 79 figures, and 21 tables.

1. Relevance of the problem addressed in the dissertation in terms of
scientific and applied research. Degree and levels of relevance of the
problem and the specific tasks developed in the dissertation.

The dissertation addresses a topic directly related to the use of
renewable energy sources. The relevance of the problem is beyond doubt, as it
is directly connected to environmental protection and sustainable development.

The main objective of the dissertation is to create and validate a simulation
model of the operation of a hybrid thermal system (HTS) capable of functioning
under various modes and climatic conditions. In line with this goal, the following
tasks have been formulated:

o Development, using an appropriate software environment, of
mathematical models for HTS components such as solar collectors, heat
pumps, buffer tanks, heat exchangers, etc.;

+ Development of mathematical models for the operation of the HTS under
different working modes;

+ Validation of the developed HTS models using data from experimental
studies. To validate a given operational mode model, simulation results
must be compared with real experimental data collected from the
installation under the same mode. This is a critical step that proves the
models adequately reflect the real-world performance of the system;

o Creation and testing of a simulation model for the operation of the entire
HTS, enabling different operating modes under varying climatic conditions.



2. Degree of knowledge of the state of the problem and creative
interpretation of the literary material.

The literature review covers 140 sources, of which 10 are in Bulgarian and
130 in English. The titles indicate that the doctoral student has reviewed a
broad range of materials on issues relevant to the topic—some addressing
fundamental scientific questions, but most having an applied character, focusing
on specific aspects of HTS, their components, and the methods and tools for
simulating the processes within them.

3. Compliance of the chosen research methodology with the set goal and
objectives of the dissertation.

The chosen methodology fully corresponds to the aims and objectives of the
dissertation. The data necessary for the simulation scheme and for the
verification of its various operational modes were obtained from a prior study of
a hybrid installation located in Building 2 of the Technical University of Sofia —
Plovdiv Branch, which includes a ground-source heat pump, solar collectors,
and a latent heat accumulator. For the purposes of the study, the TRNSYS
software package was selected, incorporating several integrated modules and a
large set of library models.

4. Brief analytical description of nature and assessment of the reliability of
the materials underpinning the dissertation’s contributions.

In accordance with the defined objectives and tasks, a simulation scheme of
an HTS was developed, comprising solar collectors, a single vertical heat
exchanger, a water-to-water heat pump, a convector, a 150-liter buffer tank, and
200- and 300-liter water storage tanks. The system’s behavior under various
modes of operation and climatic conditions was studied using suitable
mathematical models of its components. A complete simulation scheme was
built in TRNSYS, and five operating modes were tested. Validation of data from
previous experimental studies was conducted for all modes and presented
through diagrams. A simulation model of the building was developed using
TRNBuild. A comparison of the thermal and energy profiles of the system for
the cities of Plovdiv and Helsinki was performed. The reliability of the conducted
studies and their results is beyond any doubt.

5. Scientific and/or applied scientific contributions of the dissertation:

Scientific and applied contributions:

1. Simulation models for the operation of an HTS for heating and cooling of
buildings under five basic operating modes were developed using the

TRNSYS Simulation Studio environment.



2. Verification of the system's performance in all five modes was carried out
by comparing simulation results, obtained using the commercial TRNSYS
software, with experimentally measured data for the relevant parameters.
The verification demonstrated a strong correlation between simulated and
measured values.

3. A TRNSYS-based model was created, enabling analysis of system
behavior across all five operating modes, interconnected in a single
scheme. This facilitates the analysis of the influence of individual
parameters on the overall system performance and allows for the
application of various optimization algorithms that consider location-
specific climatic characteristics and enable optimal criteria selection for
mode switching.

Applied contributions:

1. An algorithm was developed for applying a methodology to calculate the
coverage factor of the HTS in order to increase its energy efficiency and
productivity. The coverage factor evaluates how effectively the system
utilizes available resources—such as solar energy and thermal exchange
potential—to support the heating process. This enables engineers and
designers to assess potential energy benefits and optimize system
configuration and operational parameters for greater efficiency.

2. An analysis of HTS performance under different climatic conditions was
carried out using simulations based on TRNSYS and the TRNBuild
module. The comparison between the temperature profiles of hybrid
thermal systems in Plovdiv and Helsinki demonstrates that the model can
be used in diverse climatic contexts.

6. Assessment of the degree of personal participation of the dissertation
candidate in the contributions.

The doctoral student’s leading role in all stages of the dissertation is evident.
No indications of plagiarism were found.

7. Evaluation of the publications on the dissertation:

Seven scientific publications are cited—one single-authored and six co-
authored, with the doctoral student listed as lead author in two of them. In terms
of quantity, subject matter, and content, these publications fully meet—and
even exceed—the requirements for the award of the educational and scientific

degree “Doctor.”

8. Evaluation of the abstract’s compliance with the requirements and its
adequacy in reflecting the dissertation’s key contributions.



The abstract complies with the formal requirements and adequately
represents the dissertation’s main content and contributions.

9. Remarks, recommendations, and comments.

| have minor comments regarding the formatting of the dissertation (e.g.,
duplicate numbering of Table 4.7) and the graphical presentation of schematic
solutions. | recommend that the author continue working on the topic, further
deepening knowledge in the modeling of processes and systems, with a focus
on developing original solutions suitable for publication in high-impact scientific
journals.

10. Conclusion

| find that the submitted dissertation meets the requirements of the Law on
the Development of Academic Staff in the Republic of Bulgaria and the
Regulations of the Technical University of Sofia for its implementation.
Therefore, | evaluate it POSITIVELY.

| recommend that the esteemed academic jury award M.Eng.

Nadezhda Dimitrova Vasileva the educational and scientific degree
DOCTOR in professional field 5.4. Energy.
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