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DSc thesis

Scientists all over the world are researching various aspects of anthropogenic impact on the
environment. Comparative studies of various types of propulsion technologies, e.g. internal
combustion engines (ICEs), electric propulsion etc., are carried out. There is a consensus among
experts that despite rapid rise in the share of electric vehicles, ICEs will continue to be a leading
propulsion tool in the foreseen future. In this regard, reducing their impact on the environment
by developing modern technologies of emissions control is of serious interest and high relevance.
Subsequently, advanced technologies of emissions aftertreatment are intensively studied and
developed. Evidently, development of novel aftertreatment technologies is associated with the
requirement of carbon footprint reduction. The latter presumes a need in a significant increase in
the engine efficiency together with development and use of alternative renewable low-carbon-
intensity fuels. The solution of such problems is impossible without the development of
comprehensive theoretical basis that addresses the all mentioned above issues in their mutual
relationship. The research of Mr. Nadareishvili G.G. is focused exactly on this problem.

The main goal of the Mr. Nadareishvili's thesis is the creation of a comprehensive methodology
aimed at finding technical solutions and choosing rational ways of Exhaust Gas Aftertreatment
Technologies (EGAT) development, considering various factors affecting the system and the
engine performance, e.g. acoustics, chemical kinetics, thermodynamics and heat transfer, mass
and gas exchange and aerodynamics, to ensure the development of environmentally and
acoustically benign ICEs.

It is essential that the developed methodology and the subsequent mathematical model provides
an in-depth description of factors affecting the EGAT operation, as well as principles and
mechanisms defining its performance in their mutual relationship. The suggested method of the
EGAT effectiveness assessment applying both dimensionless parameters characterizing the
processes in the aftertreatment system and engine parameters is novel and allows evaluation of
various EGAT design options. The suggested in the study theoretical, methodological and
experimental approaches of the chemical kinetics analysis and environmental characteristics
assessment enable reduction of the EGAT development times and costs.

The important novel feature of this scientific work lies in the fact that for the first time were
theoretically formulated, on the basis of the developed mathematical model, the methodological
fundamentals of experimental evaluation and calibration of EGAT systems, for example, the use
of nitrogen oxide sensors as a signal ammonia detector for controlling and calibrating the system
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investigated. Another novel feature of the referred study is a description of the relationship
between two methods of measuring the oxygen capacity of redox catalytic blocks.

Of particular engineering value is the suggested in this study method of integrated design, based
on the developed mathematical model, which addresses diffusion, thermal, hydraulic,
aerodynamic, and acoustic parameters. The method has been tested and validated through
construction of novel highly-effective EGAT systems.

The results of this study were practically implemented in various industries and research
organizations, such as: FSUE “NAMI”, PJSC “KAMAZ”, LLC “UAZ”, PJSC “Avtodiesel”,
LLC “Ecoalliance”, and also introduced into the teaching process (course of lectures) at the
Federal State Budgetary Educational Institution of Higher Education "Moscow Polytechnic
University"”. The main scientific findings of the study were published in 31 articles and patents.

Despite the mentioned above achievements and the added value of the referred study, it is not
free of shortcomings:

1. It is not clear from the executive summary ("avtoreferat™) whether the developed EGAT
assessment and analysis methodology covers also the most recent aftertreatment technologies,
like SCRT (the system including both particle filter and the NOx reduction system), gasoline
particle filters for DI Sl engines, etc.

2. It is not clear whether the developed methodology enables assessment of the EGAT
performance at various ambient conditions and in case of transient events, as well as dependence
of the EGAT effectiveness on the catalyst type and aging.

Anyhow, these remarks do not diminish the scientific level of the work performed. Judging by
the executive summary (“avtoreferat), the relevance of the topic, the theoretical results
achieved, the experimental data obtained, as well as the results of industrial implementation,
undoubtedly demonstrate that the referred thesis meets the requirements of the Higher
Attestation Commission of Russian Federation to dissertations for the degree of Doctor of
Technical Sciences in the area of expertise 05.04.02 — Heat Engines, and the author of this thesis
deserves awarding the academic degree of Doctor of Technical Sciences.

Respectfully,

%//%

Leonid Tartakovsky, PhD, SAE Fellow
Associate Professor

Associate Editor
SAE International Journal of Engines
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Xaiida, 28 dpepams 2021 r.
Anpecar:
Yuennlii coeer HAMHI,
Poccuiickas ®enepauns

Tema: I'-n HapgapeiimBuiau I'.I'. — oT36IB Ha aBTOpedepaT TOKTOPCKOM TUCCEPTAITNH

VYdeHbIe IO BCeMY MUY 3aHHUMAIOTCSI U3YUeHUEM Pa3IMUHBIX ACTICKTOB aHTPOTIOTEHHOTO BIIUSHHUS
Ha OKpYyXalolyro cpeny. I[IpoBoasTcsi cpaBHUTENbHBIE HCCIEAOBaHUS Pa3HOOOPAa3HBIX TEXHOJIOTHIM
JIBUTATENICCTPOCHHS, HAIIpUMep, IBurateneil BHyTpenHero cropanus (JIBC), 3neKTpUUecKuX CHIOBBIX
YCTAHOBOK U T.JI. DKCIIEPTHI CXOASTCS BO MHEHHH O TOM, YTO, HECMOTPS Ha CTPEMHUTEIbHBII POCT T0JIN
anekrpomobmieii, B obo3pumom Oymymem JBC coxpasT 3a coOOH MEPBEHCTBO CpPEIH CHIIOBBIX
YCTaHOBOK. B 3T0il CBs3M COKpalleHrne WX BO3JEHCTBHA Ha OKPY)KAIOIIYIO Cpely MyTeM pa3paboTKh
COBPEMEHHBIX TEXHOJOTHH KOHTPOJISl BHIOPOCOB IMPEICTABISIET CEPhE3HBI MHTEPEC U UMEET OOJIBIIOe
3HAa4YCHUE. BCelefcTBHE Yero akTUBHO HCCIEAYIOTCS U Pa3pabaThIBAIOTCS TEPEIOBBIC TEXHOJIOTHU
HelTpanu3anuu  (Tocnenywmeid  00padotku) BbeIOpocoB. OueBHUIHO, YTO pa3pabOTKa HOBBIX
TEXHOJIOTHI HeHTpanu3aiuu (ocaeayIomiei 00padoTKM) CBA3aHa ¢ TpeOOBaHUEM COKpAICHHUS 00beMa
yriepogaHoro ciena. [lociemHee mpeamonaraeT HEOOXOMUMOCTh 3HAYMTENLHOTO  TOBBIIICHUS
3¢ pekTUBHOCTH JBUTATENIed HapsAay C pa3pabOTKOM W MCIOJIB30BAHUEM  aJIbTEPHATUBHBIX
BO300HOBIIIEMBIX HU3KOYTJICPOHBIX BHJIOB TOIUTUBA (C HU3KOW MHTCHCUBHOCTHIO BHIOPOCOB yriepoja
B aTMocdepy). Pemenue momo0OHbIX 3a/1a4 HEBO3MOXKHO 0e3 pa3paboTKH KOMIUIEKCHON TEOPETHUCCKOM
0a3bl, OXBaTHIBAIOIEH BCe YIOMSHYTBIE BBIIIE BOMPOCH B MX B3aMMHOW 3aBUcHMoOCTH. MccnenoBanue
I'.I'. HagapeHmBuiy mocBsImeH0 IMEHHO 3TON Tpodieme.

OCHOBHOI 1IeNbI0 AUccepTaIuy r-Ha HagapeHBuim sSBiasieTcsl CO31aHie KOMILIEKCHOW METOUKH
MOWCKA TEXHUYECKUX PEHICHUH M BHIOOpa PallMOHANBHBIX MyTEH pa3pabOTKH TEXHOJOTUH WIIH CHCTEM
o0paboTtku otpaboraBmux razoB (COOQOI), yuuThBarOmMX pa3iu4Hble (aKTOpPhl, BIUSIOIME Ha
3¢ (GEKTUBHOCTh CUCTEMBI W JIBHTATENs, HApHMEp, BOMIPOCH aKYCTHKH, XUMHYECKOW KHHETHKH,
TEPMOJMHAMUKHA M TEMJIOOOMEHa, Macco- W Tra3o00MeHa W a’pOJWHAMUKU JUIsl oOecredYeHus
pa3pabOTKH SKOJIOTHUYECKH U akycTrdecku O0e3onacHbix JIBC.

BaxxHo, 4To pa3paboTaHHasi METOAOJIOTHS M COOTBETCTBYIOIAsT MaTeMaTHYECKass MOJIENb COJepKaT
noipobHoe onucanue (akTopos, Biaustommx Ha padotry COOI, a Takke NPHHIMIOB U MEXaHH3MOB,
OTIPEIEISIIONINX €€ XapaKTepPUCTUKH B UX B3aMMOCBs3W. [IpeyiaraeMplii METO OEHKH 3(PPEKTHBHOCTH
COOI', wucrnonmp3yromuid Kak Oe3pasMepHbIe MapaMeTphl, XapaKTEPU3YIOIIHUE MPOIECCHl B CHCTEME
HEUTpaIM3aluy, TaK W MapaMeTpbl JBUTATEINIS, SIBISCTCS WHHOBAIIMOHHBIM M IO3BOJISCT OLICHUBATH
pazmmunbie  KOHCTpykTHBHBIE pemieans COOI. IlpemmaraemMble B HCCIEIOBAHUM TEOPETUUECKUE,
METO/IOJIOTUYECKUE M OKCIICPUMEHTATBHBIC TOMXOJbl K aHAIM3y XUMHUYECKOW KHHETHKH M OICHKE
IKOJIOTUUECKHUX XapPAKTEPUCTHUK MO3BOJITIOT COKPATUThL BpeMsi M 3aTpathl Ha pa3paborky COOT.

BaxxHoe HOBIIECTBO JaHHOW HAay4HOW PaOOTHI 3aKIFOYAETCS B TOM, YTO BIIEPBBIC Ha OCHOBAaHUM
pa3paboTaHHOW MaTeMaTHYECKOW MOJIENIM OBUIM TEOPETHYECKU CPOPMYITUPOBAHBI METOJIOIOTHYECKHE
OCHOBBI 3KCIIEpUMEHTAILHON OLEeHKH M KanubpoBku COOI', Hampumep, HCIONIB30BaHKE JATUYUKOB
OKCHJIa a30Ta B KQYECTBE CUTHAILHOT'O JIETEKTOpa aMMHUaKa JUIsi KOHTPOIIS ¥ KATMOPOBKH M3y4aeMOMH



cUcTeMBbl. J[pyrMM HOBIIECTBOM JAaHHOTO HCCIIEIOBAHUS SBIISETCS OMHCAHHE B3aMMOCBA3H MEXIY
OBYMS  METOAAMH  HU3MEPEHHMA  KHCIOPOZHOW  €MKOCTH  OKHCIHMTEIbHO-BOCCTAHOBHTEJIBHBIX
KaTaJIMTHYECKUX OJIOKOB.

Oco0yI0 TEXHMYECKYIO IEHHOCTh MPEACTaBIISET MpejiaraéMblii B JAHHOM HCCIEIOBaHUN METO[
KOMITJIEKCHOTO TPOCKTUPOBaHUSI Ha 0a3e pa3pabOTaHHONW MaTEeMAaTHYECKOW MOJENH, yYUTHIBAIOIIUI
IU(QQPy3nOHHBIE, TEIUIOBBIE, THUAPABIMYECKUE, a’pPOAMHAMHMYECKHE M aKyCTHUECKHE IapaMeTphl.
Hannpiii Metox ObT anpoOMpOBaH M BadHIUPOBaH (BepU(UIMPOBAH) IOCPEACTBOM CO3JAHUS
WHHOBAIIMOHHBIX BhICOK03(PekTuBHBIX COOI.

PesynpraThl HacTOSILIETO MCCIEOOBAaHUS ObUIM TNPUMEHEHbI HAa IPAKTUKE Pa3lIUIHbIMU
MPOMBIIUICHHBIMU TPEANPUATHAMH M HCCIEIOBATENbCKUMH OpraHu3auusMu, Takumu kak: OIVII
«HAMM», TTAO «KAMA3», OO0 «YA3», ITAO «ABtomusenn», OO0 «DKoalbsHC», a TaKKe
BBeJeHHI B y4eOHBIH mpomecc (Kypc nekumid) B DemepaabHOM TOCYJAapCTBEHHOM OIOHKETHOM
0o0pa3oBaTeIbHOM  YUPESKICHUH  BBICHIErOo  oOpazoBaHusi  «MOCKOBCKMI  TONHTEXHUYECKHUH
yHHuBepcuTeT». OCHOBHBIE HAay4YHBIE PE3YJIbTaThl MCCIIEAOBAaHMUA ObLIM OmyOnuKoBaHbl B 31 craThe U
MaTeHTe.

HecmoTpss Ha mepeducieHHbIE BBIIE JOCTHKEHHSI W JIONOJIHUTEIbHYIO  LIEHHOCTb
paccMaTpUBaeMOro UCCIEeIOBaHUS, OHO HE JIMIIIEHO HEKOTOPBIX HEIOCTATKOB!
1. W3 aBTOpedepara He sicHO, OXBaThIBAET JIM pa3paboTaHHass METOIOJIOT s OLeHKH 1 aHanmmza COOI!
TaKKe caMble TOCTIEIHAE TEXHOJIOTUH HelTpanm3auu (mocieayromei oopadorkn) O, Takue kak SCRT
(TEeXHONOTHS HETIPEPHIBHOM pereHepaliil U CENEKTHBHOTO KaTaTUTHYECKOTO BOCCTAHOBIICHHS; CHCTEMA,
BKJTFOUAOIIAst Kak (DHIIBTP YacTHII, TaK ¥ cucTeMy cHibKeHHs/BocctaHoBieHHS NOx), pruinbTpsl gacTair st
6CH3I/IHOBI)IX I[BHFaTCJICﬁ C IIPSAMBIM BIIPBICKOM U UCKPOBBIM 3aKUTaHUEM U T.[.
2. Ocraercsi HESCHBIM, IMO3BOJICT JIM pa3paboTaHHas Merojoyorus oueHuth padoty COOI' B
Pa3IMYHBIX YCIIOBHSX OKPYXKAIOIIEH Cpelbl M B TMEPEXOAHBIX/HEYCTAHOBHUBIIMXCS PEKUMAX, a TaKKe
3aBucUMOcTb 3 pexruBHocTr COOI OT THIA KaTaIM3aTOpa U OT CTApEHHS.

B mio6om cimydae maHHBIE 3aMEUYaHUS HE MPEYMEHBIIAIOT HAYYHBIA YPOBEHH BBITIOJTHEHHOM
pabotel. Mcxonst u3 aBTopedepara, aKTyalbHOCTh TEMBbI, JOCTHTHYThIC TEOPETHUCCKHE PE3yJIbTaThl,
MOJTyYeHHbIE JKCIIEPUMEHTAIbHBIE JaHHBIE, a TaKKe pPEe3yNbTaThl MPOMBIIUICHHOTO MPUMEHEHHS
HECOMHEHHO CBHUICTEILCTBYIOT O TOM, YTO BBINICYIIOMSHYTasl JTUCCEPTAIMsl COOTBETCTBYET
TpeOoBaHusIM Briciield arrectanmonHON komuccuu Poccuiickort denepanuu K guccepTalusiM Ha
COMCKaHHE YYCHOW CTEMEHU JOKTOpa TEXHUYECKMX Hayk mo crernuanbHoctu 05.04.02 - "Temossie
JIBUTATENH'", a aBTOp JUCCEPTAIMH 3aCHy>KWBAaEeT TPUCYKICHUS HAYYHOH CTEMEHU OKTOpa
TEXHUYECKUX HaYK.

C yBaxkeHUEM,

nOONUCH

Jleonunn Taprakosckuii, PhD, unen SAE,
JIOLEHT
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