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Titdog:  OloxAnpwpéves Awadikacieg ZxeSiaopov kat MeteomAlopov
ZTpoBLAOUTEPTIAN PWTWV

Hepnym:

Yto mAaiolo NG Topovcag SLSAKTOPKNG SlaTpfng €ywve avamtudn
SLSIKACLWV TPOCOUoiwoNG, OTOXEVOVTAG OTOV OXESIAOUO KAl UETEEOTIALOUO
otpofloimepmAnpwtwy. Ot Sadikaoies avamtuxOnkav ocuvvBeTovTag TPELS
KATAOTACELS AelToupylag, mapéxovtag SnAadn pa TANPwWS auTopatn Avon
peteomAlopoy kal oxeSlaopov otpofllolmepTANpWTWY 1 T SuvatoTnTa
TPOGOUoiwoNG aTPoBIAoDTIEPTIANPOVUEVNG UNYXAVNG VTICEA.

H TPWTN Aettovpyla OTOXEVEL otV Tpocopoiwon
oTpoBIAOVTIEPTIANPOVUEVNG UNXAVIG VTI(EA, XPTOLLOTIOLWVTAS HOVOSIACTATA
HOVTEAQ PEOMG YPAUUNG YA KABe oTpofBllo-ouvioTwoa, £va HOVTEAD eviaiog
(OvnG Yyl  Tov  KvnTpa VTI(EA KAl Ul aQvAAUOT  TALPLACHOTOS
oTtpoBLAoUTIEPTIANPWTT - VTILEA unxavni. To povtédo TG VTIZeEA unxovng £XEL TNV
SUVATOTNTA TIPOCAPLOYNG TWV TIAPAUETPWV TOV UE Bdom Ta Stabéopa Sedopéva
SOKILWV TapaAafnG OV TTAPEXEL 1] KATAOCKEVAGTPLA ETALPLNA, EVOWHUATWVOVTAG
TAPAAANAQ yla TPWTN @OPQ&, Ml TANPWS oauTopaToTomuévn Sladikacio
UTIOAOYLOHOU  XApTn emb0cewv o€ kKABe pOVTEAO OTPOSIA0-CUVIOTWOOS.
EmumAéov, avamtiyxbnke poviédo péong ypauung otpofilov (agovikd kat
AKTWVIKO) HE TN SUVATOTNTA VTIOAOYLOHOU TG amddoong Tov otpofilov mépav
TOV opiov oTpayyaAlopuov.

H 6e0tepn Asttouvpyla ava@EpPeTal OTOV TPOKATAPKTIKO OXESIAOUO
oTPOBIAOVTIEPTIANPWTWYV, XPNOLUOTIOLWVTAS Hla Stadikaoia BeATioTomMonONG e
YVOUOVA TO TAlPlAoHA PE TO VTOAOLTO oV punxaving vtifed. H Stadikaoia
BEATIOTOTIOMONG EMKEVTPWVETAL OTN UEIWOT TNG KATAVAAWONG KAUCIHOU NG
VTI(eA unyavng oe 6A0 To VP0G AcLTovpylag TG, Stac@aAilovtag TapdAANAa TO
Talplaopa LETaEL TwV 6TPOLIAO-CUVIGTWO WYV LE TO VTTOAOLTTO CUGTN A TNG VTI(EA
unxavng. H Sopkn akepatdtnTa Kot Twv §U0 oTpofIl0-CUVICTWO WV EAEYXETAL LE
XPNON ATTAOTIOMUEVN G OTATIKTG KAl SUVAUIKT G aAVAALOTG. ASLAGTATOL TTAPAUETPOL
XPNOLHOTOLOVVTAL WG HETABANTEG BEATIOTOTIOMONG, TOGO YLX TOV GUUTILEGTT OGO
KOl Yyt Tov oTpOfLAo, TAPEXOVTAG TILO YEVIKEVHEVT] KAl OUTOUOTOTIOUUEVT
Stadikaoia oxedlaopov, KaBws eV ATALTEITAL 0 ETAVATIPOGSIOPLOUOG TOGO TOU
eVPOUG TV PETABANTWVY BEATIOTOTIOMONG 000 KAL TNG APXLKNG YEWUETPLAG YL
StaopeTikn KAlpaka otpoBloimepmAnpwti. [apaAAnia, péow ™G avaAvong
OAwV TwV TBavWV Slatdiewv oTpoBLAoUTEPTANPWTWY, EMAEYETAL 1] KAAVTEPN
Statadn pe yvopova tn BeEATiwon TG AELTOUPYLX TOU CUGTHUATOS VTITEA U)X avNiG.

EmumAgov, mapexetal emAoyn pepkov oxedlaopol oTpofLAo-cUVICTWCAS.
[Mapopowa pe ™  Swdwkacia  oxedlaopoy  oTPoBLAoVTIEPTIANPWTY,
TPAYUXTOTOLE(TAL HOVOSLAOTATOG OXESIOUOG TOAAATIAWY onuelwv otpofLro-
OLVIOTWOAG O€ EMIMESO0 cvoTUATOS VTILEA punxavnig. Emiong, Staoc@aiiletal 0
SOk akepadTNTA TNG AVONG UE TN XPNOT ATAOTIOUEVNG SOULKNG avAAVONG.
['la Tov oXeSLA0UO TOU CUUTILEGTY), TIAPEXETAL ETIIONG [ SlaSikaoia oxeSlao oy
moAAamAwY onuelwv Asttovpylag, Baciopevn oe Swadikaoia BeAtiotomolnong
vToAoYyloTiKG pevotoduvaulkng(CFD), n omola mapayel pa PeAtiwpévn



TPLoSLAOTATY YEWUETPLA PE BAOT TIS AVAYKESG TNG UNXAVNG VTI(EA. ZYXETIKA e TN
SOULKT aKEPALOTNTA TNG TPLOLACTATNG YEWHETPLAG, 1) SLACEPAALOT) EMLTUYXAVETAL
UECW EPYAAELOV TPLOLACTATNG OTATIKNG AVAAVOTG E TIEMEPACUEVA GTOLYELAL

H  tedevtaia  Aettovpyla  oxetifetat  pe  TOV  UETECOMALOMO
otpofloimepmAnpwtwy. Ilpaypatomoteitat €€étaon O0AwvV Twv SlaBEcIuwY
oTpoBA0-OLVICTWOWY, ATOCKOTIWVTAG OTNV  €MAOYN TOU  KOXAUTEPOUL
ouvvévaopov. H emidoyn yivetal pe yvwpova Tnv KATAVAA®OT KOUGIHOU NG
unxavng vtiled, To Taiplaopa HE TO UTOAOLTO CUOTNHA Kol TN SOMIKN)
aAKEPALOTNTA.

Ev cuveyela, Tpaypatomoleltal xprion Twv S1adikaclwy o€ 2 €81 eQapuoywv
UE OKOTO TNV oavadeln Twv SuvaTtoTNTwy TOUG. ITNV TPWTN EQAPUOYY),
TPAYUATOTOLE(TAL PLETEEOTIALOHOG OTPORNOVTIEPTIANPWTI], AVOXAVOVTAG TECTEPLS
EMAOYEG  HETEEOMALOMOU  (AVTIKATAOTOOT  OCUUTILECTI],  OVTIKATACTOON
oTpOoBAOVTIEPTIANPWTI], EMAVACKESIAOUOG OCUUTILECTN] KAl EMAVAOYESIACUOG
OAOKAT POV TOU OTPORIAOUTIEPTIANPWTY). ZTNV TPWTN Kat SeVTEPN €MAOYN, N
Stadikaoia Ttou peTECOTMALOHOV TpPAyHATOTIOlElTAL HE xpnon  SlaBEoiuwv
oTPOBIAO-CLVICTWOWV.

v 1pltn emAoy1, TPAYUATOTOLEITAL HOVOSIACTATOG EMAVACXESLATUOG
OUUTILECTY], LE OTOXO TNV TANPN EMAVACVOTHOT TNG APXLKNG AELTOVPYEING TOV
OUOTNHATOG UNXAVIG VTILEA, TTapEXoVTaG TAPAAANAX 0TO epyaAeio TpLSIGoTATOV
oxedlaopov pa a&lomiotn apxikn yewuetpia. Ev ovveyeia, mpaypatomoleital n
Stadikaoia TpldlacTatov oxedlaopoV CUUTILEOTT, aKoAovBwvTag pa Stadikaoia
BeAtiotomoimong CFD-FEA, pe otoxo tmv evpeon plag PBeATiwpévng Avong
ueteEomALlopov.

IV TETAPTN EMAOYY, TPAYUATOTIOLEITAL EMAVACYESIAGTUOG OAOKAT POV TOU
oTpoBAOUTIEPTIANPWTY, AVOXAVOVTOG TAPAAANAX KAl TIS TECOEPLS TILOAVEG
SlTAgels pe oTOXO TNV TANPN EMAVACVOTAOCT TNG APXLKNG AELTOUpPYlOG TOL
oLOoTNHATOG unxavng vtiled. Ta amoteAéopata Tov 0XESLAGHOV TWV TECCAPWV
Stataewv tatvopovvrtal pe Baon TV etnola Heiwon ToOv KOGTOUG KAUG(poL.
TEAOG, TTPAYUATOTIOLEITAL TEXVOOLKOVOULKT] ATIOTIUNGOT TWV TECOAPWV ETMAOYWV
UETEEOTALOOV, ATIOOKOTIWVTAG GTNV AELOAGYT 0T TOUG ATIO OLKOVOLLKT) OKOTILA.

H mpooopoiwon BAaBwv elval tSlaltépws onpavTikny Kata tn Stadikacio Tou
oxeblaopuov 1 HETEEOTALGUOV OTPOPAOVTEPTIANPWTWY. TVVETWG, 01N SeVTEPN
EQUPLOYN, TPAYUATOTOLE(TAL TIPOOOUOIWOT] OUYKEKPIUEVWV  CQUALATWY,
XPNOLUOTIOLWVTAG (PUOLKEG OUVETEIG TAPAUETPOUS OTIWG 1) TPAXVTNTA KAL TO
Taxog mrtepuylov upe Paon Sedopéva amdé v avowyt) PBipAoypapia. Ta
ATOTEAECPATA TNG TTPOCOUOLWOTNG SEXVOUV CNUAVTIKY HElWOT) 0TV aATTOS00T TNG
unxavng, e8Ika o€ epimTwon emkabicewv kat otig 500 6TPOLIAO-CUVICTWOES,
o€ avtiBeon Pe TN PUTIAVOT) TOU EVOAAAKTT BEpLOTNTAG OTIOV 1] pelwoT TG LoxVog
EMMNPEACETAL ALYOTEPO.



TitAog: Integrated Processes for Turbocharger Design and Retrofitting

Mepinym:

The thesis is concerned with the development of integrated processes for
turbocharger(T/C) design and retrofitting. The processes, developed with three
modes of operation, provide a fully automatic retrofit and design solution or the
option for T/Ced Diesel Engine Simulation.

The first process which corresponds to turbocharged(T/Ced) diesel engine
simulation, utilizes 1D meanline models for T/C components, a single-zone model
for the diesel engine and a T/C-diesel engine matching analysis. The diesel engine
model is adapted to engine-specific data and the overall integrated model is
validated against shop trials data, obtained from a marine diesel auxiliary engine.
A physically consistent, transparent, and fully automated procedure is integrated
in each turbo-component meanline model, for producing the corresponding
performance map. Additionally, turbine meanline model(axial and radial) is
developed with the ability to compute turbine performance beyond choke limit,
allowing the prediction of T/C operation with choked turbine.

The second process refers to T/C preliminary design. An optimization
procedure is employed, to design both compressor and turbine to match the entire
T/Ced system. The optimization process focuses on engine fuel consumption
reduction in the engine range of operation, while ensuring appropriate matching
between turbomachinery components and the diesel engine. Structural integrity
of both turbo-components is ensured by using simplified static and modal
analysis. Dimensionless parameters are used as optimization variables, for both
compressor and turbine, providing a more general and automated design process
since there is no need to redefine the range of optimization variables and the initial
geometry for different T/C scales. It also produces four improved 1D geometries,
of different possible centrifugal compressor diffuser and turbine combination. The
combination that gives the best improvement to the diesel engine operation is
identified.

Additionally, partial turbo-component design option is provided. Similar to
the entire T/C design procedure, a 1D turbo-component multi-point design
optimization process is carried out, aiming to provide a fast and reliable solution
based on T/Ced diesel engine range of operation. Structural integrity is also
ensured by using simplified structural analysis. For compressor design, a CFD
compressor multi-point design optimization process is also provided, producing
an improved 3D compressor geometry. It complies with the T/Ced diesel engine
range of operation, while structural integrity is ensured by using Finite Element
analysis.

The last process corresponds to automatic T/C retrofitting. During this
process, available turbo-components are examined, in order to select the one that
best matches the entire engine system, aiming to retain or improve the diesel
engine efficiency.

Then, the above procedures are then applied to two application test cases. In
the first one, a T/C redesign-retrofit case study is presented, where four



retrofitting options are analyzed (compressor replaced, T/C replaced, compressor
redesign and entire T/C redesign). In the first and second option, T/C retrofitting
is carried out, using available turbo-components. It is shown that initial
performance cannot be reconstituted using off-the-self solutions.

In the third option, a T/C compressor redesign is carried out. First,a T/C 1D
compressor design is performed, aiming to at least reconstituting the original
diesel engine performance, providing a reliable compressor initial geometry for
the 3D design procedure. Then, a fully 3D compressor design is then performed,
using a CFD-FEA optimization process, in order to provide an improved
retrofitting solution.

In the fourth option, where the entire T/C is redesigned, all four T/C
configurations are designed and analyzed aiming to at least reconstituting the
original diesel engine performance. All four improved T/C geometries are sorted
based on the diesel engine annual fuel cost reduction. Finally, a techno-economical
assessment is carried out, analyzing all four retrofit options economic
performance.

In the second case, specific faults are simulated, utilizing physical consistent
parameters such as blade roughness and thickness based on relevant literature
data. Overall system simulation and operation analysis is carried out assessing
operability and performance parameters. Analysis results show a significant
reduction in engine performance, especially in case of both turbo components
being fouled, in contrast with the heat exchanger fouling where the power
reduction is less affected.



