AwTpif] 1o TNV aTOKTI61 18 UKTOPIKOV SUTADNOTOG NE TITAO
«Ymoloytotikr) Mehétn g Xnueiog g Kavong Mebaviov kar Agpiov vvBeonc:
Enidpaon g [Iposbnkng Ixyvootoryeiov O&edinv Alowtov kot Otiov,
Eoappoyég oe Navtikovg Kivntipeo»

KaCoykag Anunitpng

Mepinqyn: H mopovca datpiPn peretd v enidpacn tng lcaymyng tyvootoryeiov (trace
species) o&ediwv tov aldtov (NOx) kot 0&edimv tov Beiov (SOx) oty évavon Kot Kavon
agpiov obvvBeong (syngas) ko pebaviov (CHs) oe ovvOnkeg avTmpooOTELTIKEG NG
Asttovpyiog  VOUTIKOV  KIVNTAP®V. ZVyKekpéva, 1 owIpn  meptiouPdver v
VIOAOYIOTIKY] peAéTn ¢ emidpaong ¢ swoaywyng NOx-SOx otv évavon tov pebaviov
(Ewéva 1), otnv kadon aegpiov ouvheong kot pebaviov oe cuvOnkec TELEIO AVASELUEVOD
avtopoaotnpo (Perfectly Stirred Reactor — PSR, Ewéve 2), ot otpot| orOYQ
mpooavaéng pebaviov, v avantuén Kot BEATIGTONOINGTN GKEAETIKOV UNYOVIGHLOD KOVOTG
pebaviov, v enéktacn tov pe vropnyavicpovg dnuovpyiag NOx, dnovpyiog SOx kot
arlinAeniopaong almtov (N) kat Beiov (S), v agloAdynon Tov cuievyuévov unxavicuon
LE GUYKPIOT UE VTOAOYIOTIKA Sed0péva TOV AETTOUEPOVS GLLELYUEVOL UNYOVIGHOD Kot
mepapatikd dedopéva yia kavon aepiov ocvhvBeong kot pebaviov (Ewdva 3), kot téhog v
TEPALOTIKY] TIOGTOTOINGT TUNUATOS TOV ATOTEAEGUATOV LE TPDOTO TEPAUOTO GE KIVITHPO
Otto mov Asttovpyei pe ovumespévo euokd aéplo (compressed natural gas — CNG) og
Kavowo. Xtn SwrpPn swonydn m akdlovdn pebodoroyia: () X0levén teccdpwv
AETTOUEPOV UNYOVIGUOV YNpelag Kavong vdpoyovavlpdkwv e LIOUNYOVIGHOVS TOV
nepappdvoov ™ ymueic NOyx, SOy, xkobmdg kot T1g avidpdoelg arinienidopoaong N-S,
(B) A&woAdynon 1oV ovlELYHEVOV UNYAVICUOV EVOVTL TEPOUATIKAOV OESOUEVMV OV
apopovv og: (1) ypovovg KaBvoTépnong Evavong Ge TEWPAUATO GE COANVEG KPOLOTG
(shock tubes) pypdrov CHs-aépa, kot (2) HOPLOK®V KAACUATOV YNUKOV EVOCEMV GE
nepdpoto kavong CHa og avtdpaoctipeg mANpovg avadevuong, yio £va GHVOLO0 GLVONK®OV
avapopac, kat (y) [pocdiopiopdg tov Pacikav ynuikedv oddv (chemical pathways) péow
™¢ avéivong pvOuod mapaywyng (Rate Of Production analysis - ROP). Ta mapamdvem
fHoTo cUVIGTOOV o OAOKANPOUEVY] KOIVOTOUO, TPOGEYYIoN Yol TNV KATAvONGT TV
AMUKOV dlepyactdv mov oyetiovion pe epappoyés kvntpov. EmumAéov, pe otdéyxo
LEAETT TNG KAVOTG GE VOLTIKOVG KIVITPES LE XPNoT avafodicévav oynUaToOV ¥nHUKng
KIWWNTIKNG YL TNV ENAPKECTEPT TEPLYPOPYT] TNG YNUENG Kou Tnv KOTOVONGN TOL
QOVOUEVOL, TpayHOTOTOWONKE ovAmTuEn AOylopikoy Yo T oOlevén Tov KOIKA
VIOAOYIOTIKNG  pevotodvvapkng KIVA-3vr2  pe tov k@Ko  ynpkng  Kvntikng
CHEMKIN-II. O ovlevypévoc kmdikag mapéyel ) dvvatdtnta enilvong Tov e£loOoemV
dwtpnong naloc kot evépyslag oe KaOe vmoAoylotikd keAl pe ypnomn avopoducuévaov
CYNUATOV YNUKNG KIWNTIKNAG, LE OMOTEAEGUO TOV OKPPECTEPO VLIOAOYIGUO T®V Op®V
TMYNG OTIG GLVOMKEG €€10MGELS dATNPNONG HALAG Kol EVEPYELNG. ZTNV TOPOVGCH EPYACINL
ToPOoLGLAloVTOL TPMOTO VITOAOYIGTIKG 0ToTEAESUATO GE dixpovo vauTikd Kivnthpa Diesel.
YuykeKpléva, n ypovikn eEEMEN g Kavong yapaktnpiletor He T ¥POVIKN oTopio TNG
mieong kot Tov puBpov ékivomg Beppomnrog, KaBMOG KOl TNG YOPIKNG KOTAVOUNG TNG
OLYKEVIPOONG TOV evoemv ToL VOpo&vAiov (OH), tov pebaviov (CHs) ko g
@opurordetiong (CH20) oe emAeypéveg ypovikég oTiypés. Xe oUYKPLON LE TELPOUOTIKE
OedoUEVO, TO VEQ OTOTEAEGLOTO KOTOOEIKVOOLV GNUOVTIKY BEATIOON ovoapopikd pe
YPOVIKY 1oTopia. Tov pLOROL ékivong Beppomtoc (Ewkova 4), oe oyéon pe avtictoryo
ATOTEAEGLATO LLE YPTIOT YNUELNG EVOG PUOTOG. ZVVOAKA, 1] TAPOVGH TPOGEYYIOT|, 1| OTOiN
amoteleitar amd agloddynor Kot Slepedivnon GE EMIMEDO YNUIKNG KIVITIKNG, ELTAOVTICUET
UE TEPAUATIKEG LETPNOEIS GE KIVITIPO CUUTIEGUEVOD PUGIKOV 0EPIOV, KOl OAOKANPMON
pe vroAoytopog CFD og vautikong Kivtipeg, cuvVioTA Hio, OAOKANPOUEVT] KOt aELOTLOTY
£€pevva TPOG ToV aKkPIPN VITOAOYIGHO Kot TN PEATIGTOTOINGN TNG KOOoNG GE EQAPUOYESG
VOUTIKOV KIVNTHPOV.
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Ewova 1. Xpdvor kabvotépnong Evavong cuvaptioet g apyikig cvykévipmong tov NO kat NO2 yio piypota CHs —
agpa, Aoyov 1sodvvopiag kavsipov-aépa =0.5, apyung Oeppokpaciog T=1300 K, ot micon: (a) P=13 bar, ka1 (b) P=90

bar.
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Ewéva 2. Moproxd khdopato (mole fraction) CO cuvaptioet g apyikig cvykévipoong t@v NO, NO2 kat SOz yua
piypota CO-Hz, Aoyov wwodvvapiog kavsipov-aépa ¢=2.0, apykig Oeppokpaciog T=1100 K, o nieon: (a) P=10 bar, kot

(b) P=120 bar.
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Ewova 3. TIpopik poprokod kAdopatog (mole fraction) CO, cuvapticet g
Oeppokpaoiog yo kavon piypatog agpiov ovvheons (CO-Hy) pe ewoaymyn
NO-SO; o cuvbnkes PSR ce mieon P = 1.013 bar, ¢ = 1.0 kot Tres, = 0.12 s.
Kat’” oyko odvbeon piypartog: 0.65% CO, 0.65% Ha, 0.65% O, 0.095% NO,
0.095% SO,, 97.86% N,. [Tepapotikd dedopéva. amd v epyacio Tov
Dagaut et al. (2003).
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Ewova 4. AS10.6TOTOTOMUEV TEPOLOTIKY KoL VITOAOYIGOEIGH KOUTOAN
pLOROY £kAvong BeprdTNTEG GLUVAPTHGEL TG YWVING OTPOPALOL G€ diypovo
vantikd kwvnipo Diesel.
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“Computational Study of Syngas and Methane Combustion Chemistry: Effect of NOx-SOx
Addition, Applications in Marine Engines”
Kazangas Dimitris

Summary: The present thesis investigates the effects of the addition of nitrogen oxides
(NOx) and sulphur dioxides (SOx) trace species on the ignition and combustion of methane
(CHs) and syngas (CO-H>), at conditions representative of marine engine operation. In
particular, the thesis includes the computational study of the effect of NOx - SOx addition
on methane ignition, on syngas and methane combustion in Perfectly Stirred Reactor
conditions, and on methane preximed laminar flame, the development and optimization of
a skeletal chemical kinetic mechanism for methane combustion, its extension with NOx-
SOx submechanisms and reactions associated with the interactions of nitrogen (N) and
sulphur (S), the assessment of the assembled optimized skeletal mechanism against
experimental data for syngas and methane combustion, and finally the experimental
validation of part of the present numerical results with first experiments in a compressed
natural gas (CNG) Otto engine. The following methodology was introduced: (a) Four
detailed chemical kinetic mechanisms are assembled, incorporating hydrocarbon
chemistry, NOx and SOx chemistry, and their interactions, (b) Assessment of the four
assembled mechanisms against experimental data for: (1) ignition delay times in shock
tubes of CHs-air mixtures, and (2) speciation data for CHs combustion from Jet Stirred
Reactors (JSRs), for a set of reference conditions, and (c) Identification of key chemical
pathways by means of Rate Of Production analysis (ROP). The above steps constitute an
integrated innovative approach for understanding the complex chemical processes in
engine applications. Further, to undertake numerical studies in marine engines
implementing enhanced chemical Kkinetic schemes for the effective description of
chemistry and a deeper understanding of combustion, an integrated software tool was
developed by coupling the KIVA-3vr2 Computational Fluid Dynamics (CFD) code with
the CHEMKIN-II chemical kinetics code. The coupled code enables the solution of the
mass and energy conservation equations in every computational cell using enhanced
chemical kinetic schemes, which results in a more accurate computation of source terms in
the overall mass and energy conservation equations. The present study includes
computational results for a two-stroke marine Diesel engine. In particular, the temporal
evolution of combustion is characterized by means of the pressure and rate of heat release
traces, as well as in terms of the spatial distribution of the hydroxyl radical (OH), methane
(CH4) and formaldehyde (CH20), at representative time instants. With reference to
experimental data, the new results demonstrate a significant improvement regarding the
rate of heat release evolution, in comparison to results based on the one step chemistry
approach. Overall, the present approach, consisting in chemical kinetics assessment and
investigation, supported by experimental studies in compressed natural gas (CNG) engine
and concluding with CFD calculations in marine engines, is an integrated and novel
research for the accurate modeling and optimization of combustion in marine engine
applications.



