REVIEW
of the Foreign Scientific Supervisor
on the PhD Dissertation of Yelnar Yerdesh
entitled “Thermodynamic Optimization of Ground Source Heat Pump Systems with Four
Thermal Reservoirs”
within the educational program 8D05403 — Mechanics

The dissertation of Mr. Yelnar Yerdesh is devoted to an important and timely scientific and
engineering problem - the improvement of efficiency and sustainability of ground source heat
pump (GSHP) systems under continental climatic conditions. The study focuses on the
development of theoretical and methodological foundations for thermodynamic optimization of
GSHPs through the combined use of finite-time thermodynamics (FTT) and 3E (energy-—
exergy—environmental) analysis, which represents a novel and rigorous scientific approach.

The author has successfully developed an original optimization framework that extends
finite-time thermodynamics to GSHPs modeled as a cycle coupled with four finite thermal
reservoirs. Analytical relations for the optimal distribution of heat exchanger effectiveness and
capacity rates have been derived, and the effects of irreversibility and temperature lift on the
coefficient of performance (COP) have been systematically investigated. These results
demonstrate strong scientific novelty and provide theoretical insight into the real performance
limits of GSHP systems.

The second part of the dissertation presents a comprehensive 3E analysis validated by
experimental data obtained from a GSHP installation in Almaty, Kazakhstan. The integration of
thermodynamic modeling and environmental impact assessment (TEWI) confirms the
applicability of the developed methodology to practical system design in cold continental climates.
The dissertation is well structured, methodologically sound, and reflects a deep understanding of
both theoretical and experimental aspects of heat pump technologies.

Mr. Yerdesh has demonstrated a high level of scientific competence, analytical thinking,
and independence in conducting theoretical modeling, programming, data analysis, and validation.
His ability to bridge finite-time thermodynamic theory with practical energy engineering
applications is commendable. The results of the dissertation have been published in peer-reviewed
international journals indexed in Scopus and Web of Science, and presented at reputable
international conferences, reflecting active dissemination and recognition of the research outcomes
within the global scientific community.

The dissertation fully meets the requirements for the award of the degree of Doctor of
Philosophy (PhD) in the specialty 8005403 — Mechanics. It is distinguished by its scientific
originality, methodological rigor, and practical relevance to the sustainable energy transition in
cold-climate regions.

I highly recommend the PhD dissertation of Mr. Yelnar Yerdesh titled “Thermodynamic
Optimization of Ground Source Heat Pump Systems with Four Thermal Reservoirs” for successful

defense and award of the PhD degree in Mechanics.
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ITIKIP
nokropauT Ennap Epaemrin
«Thermodynamic Optimization of Ground Source Heat Pump Systems with Four Thermal
Reservoirs» TakpipsiObiHaarsl PhD gnccepraunsicbina
8D05403 — Mexanuka 6iim Gepy Gariapiaamachl OoHbIHIIA
HIETeIiK FRUIBIMA KEHECHTiHIH MiKipi

JloktropanT Ensap EpremTin auccepTalMsIbK  KYMBICHI KOHTHHEHTTIK — KJauMar
KarJaiinapbiaa Jkep actel kbuly coprbumapbl  (GSHP) okyifenepinin Tvimaiziri  meH
TYPAKTBUIBIFBIH ApTTHIPYFa apHaIFaH MaHbI3bl 9pi ©3€KTi FHUIBIMH-HHKEHEPIK Macesere
GarprTTanFaH.  3eprrey  finite-time thermodynamics (FTT) sxome 3E (energy-—exergy—
environmental) azicTepin GipikTipe OTBIPBIN, Kby COPFbI JKyHenepiHiH TepMOIMHAMHKAIIBIK
OHTAIIaHABIPYBIHBIH TEOPHSUIBIK JKOHE dIICTeMENIK HEri3epin AamMbiTyFa GarpITTanraH, Oy o3
Ke3€eTiH/Ie )KaHa dpi FBUILIMH TYPFbLIAH TepeH Taciii Oimtipeni.

Astop finite-time thermodynamics TeOpHSCBIH TOPT IUEKTI XKbUIYJIBIK pe3epByapMeH
GaiinaHbicKaH WMKI peTinae KapacTwipbinatbii GSHP okyiienepine KeHEHTIIN, TYMHYCKaIbIK
OHTANIAHABIPY MOXENiH ychiHFAH. ON JKbUIyaIMACTBIPFBIITAP/IBIH THIMAUIIIH JKOHE JKbUIY
CBHIMBIMIBUIBIKTAPBIHBIH  OHTAMIBl  OOJiHYIH aHBIKTAHTBIH aHATHTHKAIIBIK ToyesAiTiKTep/
IIBIFAPBII,  KAWTHIMCBI3ABIK TEH  TEMIEpaTypaibik — aibIPMaHbIH  IKYHEHIH OHIMIIITIK
ko> dunmentine (COP) ocepin keweHai Typae seprrereH. by HaTikenep XKOFaphbl FbLIBIMH
JKaHABUIABIFbIMeH skoHe GSHP sxyifenepinin HaKThl JKYMBIC IIEKTEPIH TEOPHSIBIK TYpFbIIa
TYCIHIIpYIMEH epeKIIesIeHe]i.

JlMccepTauusiHbIH eKiHIi Gesirinae Asmarsl KalacelH/Ia OpHaThUIFaH taxipubenik GSHP

KOH/IbIPFBICHIHAH AJIBIHFAH JIEPEKTEp HEri3injie BaluJalMsAIaHFaH JKaH-)KaKThbI 3E Tannay
YChIHBUIFAaH. TepMOIMHAMHMKAILIK MOJCIBICY MCH IKOJOTHSIIBIK acepai Oaramay (TEWI)
HOTHIKENEPiH OIpIKTipy aBTOp YCHIHFdaH JMCTEMEHIH CYBIK KIMMaT YKaraauiapbIiHaa JKbLUTY
Kyiienepin sxobanayra jkapamibl exeHin gasenncial. JKyMpIC KypbUIBIMbL JXKaFbIHAH xy#ern,
aJticTeMeNiK TYpFbLIAH 171 JKOHE TeOPHSUIBIK NIeH TKipubesik GomiMaAepIiH TepeH YIITACKaHbIH
KepceTesli.
Jloxtopaut Ennap Epneur jkorapbl FbUILIMH OUTIKTIIIK TEH aHAJIUTUKAJBIK Okay
KaGLIeTiH, COHf@ii-aK TEOPHSIBIK MOJEIbJCY, Oarjapramaiay, ACPEKTEpAi Taliay KIHE
HOTHMIKEJIep/ll TeKcepy caJlaliapblH/1arbl ToyeJICi3 FHUTHIMH JIaFABUTAPBIH afiKbiH KepceTTi. Finite-
time thermodynamics T€OPHSCBHIH JHEPIHs HHIKCHEPHACHIHBIH MPAKTHKAIBIK KoJ/1anOamapbIMeH
yiuracteipa Oiyi — 3epTTeywiHiH KociOn JKETIKTIMHIN fanemi. JluccepTauysuiblK JKYMBICTBIH
natiokenepi Scopus skone Web of Science 6asanapbinia HHJIEKCTENeTIH Oeesli XalblKapabIK
KypHaJIIap/ia KapHsUIaHbIIL, JKeTeKI KoHpepeHuusapaa 6asHaabl, Oyl OHbIH XaJbIKapasibiK
FBUIBIMH KaybIM/ACTBIK TaparnblHaH MOHbIH/IA/IFaHbIH KepceTe/Ii.

Jlucceprauusuibik xymbic 8D05403 — MexaH#iKa MaMaH/IbIFbI Goiipmaia PhD ¢unocodus
JIOKTOpbI JIDPEKECIH ally TananTapbiHa TOJBIK CofiKec kesne/ti. O FBUTBIMH JKaHAJIbIFBIHBIH J)KOFaphI
JleHreiiiMeH, iCTeMeNiK HaKThUIBIFBIMEH JKOHE CYBIK KIHMaT aiiMaKTapblH/IaFbl TYPAKThl
SHeprus JKyiiesepiHe NPAaKTHKAIBIK MaHbI3/AbUIBIFBIMCH epeKIIeseHe .

Conpwikran Ennap Epnemtin “Thermodynamic Optimization of Ground Source Heat
Pump Systems with Four Thermal Reservoirs” TakbIpsIObIHarbI PhD nuccepraumsicel Koprayra
YCBIHAMBIH JKOHE OFaH MEXaHNKAa MaMaH/IbIfbl Goiipinma ¢uiocodus nokropsl (PhD) mapexecin

Gepyai KonanMbIH.
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