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ITepiinyn AvdakTopiknc AvaTpifng

YKOTOG TG TOPOVCAG OOAKTOPIKNG SLoTptP1g etvar 1 diepedvnon g duVATOTNTAG LETATPOTNG LOVAI®Y
NAEKTPOTOPAYMYNG UE KADOT) KOVIOTOUNIEVOL KAVGTHOV (AvOpakac) amd povadeg PAong oe Lovades ayung
N KOKMKNG @OPTIoNG, YOPaKTNPLOUEVES amd PEATIOUEVE YAUPUKTNPLOTIKG ELEMEING KOl OTOSOTIKOTNTOG,
INo v enitevén TV VoYV GTOXMV TPOTEIVOVTAL UPKETEC TEYVOAOYIKES EQUPUOYEG ad TIG OTTOIEG dVO
glval OVTEG TOL UEAETAOVTOL GTN GUYKEKPIUEVT] S1O0KTOPIKT O1aTplPr], ToL 1 Kawen Tpoénpapuévon Aryvit
(pre-dried lignite) 1 Propdlog pécm cLOTHLATOG TPOENPAVOTS, amobKELONG Kol EUUESN EyYuons N N
XPNON VEOV DAMKAOV KOTOUCKEVTG TOV COANVOTOY®OUATOV 1| GAADV dOMIKGV GTOlXEImV TV AefNToVv Y
abENOT TNG AVTOYNG TOVG GE GUVONKES LYNANG POPTIONG 1 CAAETAAANA®V EMAVOANTTIKAOV AEITOVPYIKOV
KOKA@V.

H perémn g mpotewodpevng dwdtaéng éupeonc eyyvoewg mpolnpapévov Aryvitm 1 Propdlog
mpaypatomoleiton otig EAANvucég povadeg «Meyaddmoin [Vy» ko «Aylog Anuntpog V» pe ) xpnon
ueBOS®V VITOAOYIGTIKNG PEVCTOUNYOVIKNG. XTO TAGIGIO TOV GUYKEKPIUEVMV OIEPEVVNCEDY UELETATOL O
KGOe Popa eMAEYOUEVOS YDPOC TOV AEPNTO GE YPOVIKG AUETAPANTEG GLUVOTKEG EVOC EDPOVE SLUPOPETIKDOV
Oepukdv eoptiov, ta younAdtepa €K TV omoimv dvvatol va Ppickoviar o youmAdTEPT EVEPYELNKN
oTaluUNn amd 10 TEYVIKO EAAYIOTO TNG EKAGTOTE HOVASAG. XKomOG TG dlepevvnong sival n e&€taocm g
duvatotntog ¢ enPoing evoTafodg Kol AmTod0TIKNG AELTOVPYinG TG LOVASHG 08 GUVONKEG TEPAV TV



TPOJAYPOPOUEV®V UE TN YPNOT TNG TPOTEWOUEVNG TEXVIKNG AVonc. [Tapdrinia, eetdlovtan S1aPOPETIKES
OTPOTNYIKES KOOOTG OV GUUTEPIAOUPAVOLY SaPOPETIKO aplBud Kot Tomobesion avVoIKTOV KOVGTHPOV
KaODS ka1 S10POPETIKT OTPATIYIKY EKYVOTNG TOL TPOENPANEVOL Aryvitn 1 TG Propndlag pécw cupuPatikmy
N YN cLUPATIKOV KOVCTHPOV Yo TO YounAotepo Beppukd goptio. I'a peyardtepn akpifeta kKot motdTa
OTOTELEGUATOV ©C TPOG TNV amOO0GT KAVONG, OVOTTOGGOVIOL GUYKEKPUEVES LTOPOVTIVEG Yol TOV
VTOAOYIGUO TOL pLBUOY avTidpaong Tov eavOpaKk®dUATOg TOV cCOUATIOIMV OADY TOV TOTMOV KOVGIHLOL
(Myvim, Popdlog) pe Pdon mepapatikd dedopéva. Ilapdrinia, €dkdg avamtvybeico vmopovtiva
YPMOLOTOEITAL KOl Yio To puBud emkdbiong Téppag oto cwinvotoyyopota. Télog, oe mepimtmon
GUUTEPTANYNG TOV TUNLOTOC CUVOY®YNG OTNV HEAETY, €KTOC Ao 10, SLVATOTNTO TTOV TPOGPEPETAL ATTO TO
ypnooroméy myaio kddwka, kpidnke avaykaio 1 avartuén €01KNG VIOPOLTIVAG Yoo oOENCT NG
aKpiBENG TOV OTOTEAEGUAT®V KOL TNG OTOSOTIKOTNTAG YPONG T®V VIOAOYIGTIKOV epyoieimv. Me Pdon
o ANeBEVTa amoTEAEGLOTA YIVETOL TOWOTIKY] KOl TOGOTIKY AELOAGYNGN TNG GUUTEPLPOPAS TOV AEPNTO GTIC
LEAETOVEVEG TEPITTMGELS KOl TPOGILOPIGUAG TV O ATOSOTIKAV GYNUAT®V KAOoTG.

INo v pedémn g xpMong vEOV DAIK®OV KATOGKELNG TOV GOANVOTOXOUATOV 1] GAADV SOLUK®OV GTOLYEIDV
TOV AEPNTOV Y100 AOENGT TG AVTOYNG TOVG GE VYNAOTEPES POPTIGELS 1] 0€ KUKAIKN AglTovpYia TNG LOVASOG
ypnowonoteitar g avagopd n epuavikn povéda «GKM9». T'a v emitevén tov otdyov g
GUYKEKPIUEVNG HEAETNG OmOUTEITOL 1) CLVEPYELD OLIQOPETIKAOV UAONUATIKOV HOVIEA®V: HOVIELOL
VTOAOYIGTIKNG PEVGTOUNYOVIKNG Yol TNV TTPpOAeEN Tov mediov mokvoTnTag OEPIKAG PONG, HOVTEAOL
depyacidv APROS yia tov vmoloyiopd tng yopikng Katavoung Beppokpaciog tov gpyaldUevov LEGOL
(vepov/aTpon), HOVTEAOL BepUikng ay®YNS Y TV TPoceyylon TG Oeppokpaciag Tov LVAIKOV oTo
COANVOTOLYMUOTO, KOl LOVTEAOD TEMEPUCUEVMDY CTOLXEI®V Y10 TOV VTOAOYIGUO TMV O CNUUVIIKGOV
TOPOUETP®OV TNG HEAETNG OLTAG, MTOL TOV TESIOV TACEMV/TAPAUOPPOCEMY. AVOAGY®G TPOG TIG
TPOTYOVUEVEG TEPUTTMGELS, YIVETOL LEAETY TNG CLUTEPIPOPAS TOL AEPNTO GTO TUNUA TNG £0TING GE éval
€Vpog Beprukdv eoptimv. XT0 TANIGIO 0VTO TPAYUATOTOLEITAL Kot TAAL SlEPEHVIOT AVTIKATAGTOCNG TOV
KOLGIHOV evancemg 6To YopnAdTEPO Bepikd eoptio pe mpo&npapévo Aryvitn 1 fropdlo kot a&loddynon
G ovumEPLPOPds Tov AéPnTa ue Pdom cvykekpluévee moapapétpove. EmmAéov, yioo v peAétn g
UNYOVIKNG GUUTEPLPOPAS TV VAIK®V 6T VoYY Oepuikd goptia, kpivetal avoykaio 1 viodémon piog
QTAOTOMTIKNG OAAG GUVAUO KOIVOTOUOG KO ETIKVPOUEVNG TPOGEYYIONS, AOY® TOALTAOKOTNTOGC TV
YEOUETPIKOV SOUOPPDOCEDYV TOV UEAETOVUEV®DV doudv Tov AéPnta. Mo cvykekpuéva, n mTokvoTOTN
aAAndovyio. VELPOV/GCOANVAOGE®Y TOL aTHOTOINTY ovilkadictotor omd TAGKEG CUEANTEODL TOYOLG
1600UVOLOV, OVICOTPOTOL VAIKOV, TO 0Toio ep@avifel akpiPdg v 0o UNyovikn copmepleopd o idieg
oLUVONKEG POPTIONG LE TO TPAYUOTIKO VAKO, KoBOTL To. oTolXelo. Tov UnNTp®ov dvokapyiog &yovv
StopopemBel KATOAMA®MG TPOKEWEVOL VO, CUUTEPIAABOVV TNV TPAYLOTIKY YEMUETPIO Kol TIG GUVONKES
Aertovpyiog Tov epyalopevon pécov. Metd TV HOVTEAOTOINGT) OAOGKAN POV TOV OTHOTOINTY] GTO YDPO TNG
€0Ti0G, YIVETOL EVIOTIGUOG TV IO EXIPOPOV TEPLOYMV Y10 ELPAVICT VYNADY TAGEDV KOl TAPOUOPPDCEDY
Kol Aemtopepn peAétn tovg. Téhog, mpayuatomoleitar ypovikd uetafoiAiduevn mpocopoinon Vo
EKAEYOUEVOV TEPIOYDV TOV OTUOTOMTH 7oV Kotaokevdlovtar omd vikd T24  petaéd tov Oegpukdv
eoptiov 27% kot 100% tov oVOpOoTIKOD (e LTOOECT YPOVIKOD SlHGTHHOTOC LETAfoonG TG 600 mpes. Me
Beopnon ™g uéyomg emParlopevnc TAONG MOV TPOKVMTEL KOTA TNV UETAPOTIKA ovTh Agtovpyia
TPOYUOTOTOLEITON PEAETT KOTWOOTG.

Me Baon ta Anedévta anoteléopato amo TIc Avmbev dlepeuvNoElg YiveTal KOTovoNnTd TS 1 S10HOPPOOT)
€vOg GLOTNUATOG £YYLONG/KADoNG EUUECOV TOTOV Kol HOAMOTO TPo&npopévov kol omobnkevpévov
Kavoipov dvvaTol Vo UEDMCEL TO ehdyloto Oepukd @optio evotabovg Aettovpyiog evog AéPnTa
KOVIOTIOINUEVOD KAVGIHoV Kot £T61 va avERoel TNV gvehi&io oG TPog To E0POG AEITOVPYING, EVD TOPAAANAL
SOVaTOL VO OVTIKOTOOTNOEL KOl TN ¥PNOT GUUPBOTIKOV KOVGIH®mY evodoemc. 26td60, N TPOTEWVOUEVN
duataén yioo v emitevén TV To amodoTIKOV cLVONKOY OGOV 0POPl Ge KPIGIUES TAUPAUETPOVS KADOTG



glvar kKaBe Popd GuVAPTNOT TNG UEAETOVUEVNS LOVADUG KOl TV EMPOAALOUEVOV GLUVONKDOV, Kot £TC1 dgV
umopovv vo, e&ayBodv yevikd cvumepdouato, £KTOg and pepovapuévovg ocikteg. Emmpocheta, amd
UEAETT] GUUTEPLPOPAG VAIKOV, EEAYETOL TO CUUTEPAGLLO. TTMG TO LITOYLY LAIKO EXEL LEYOAN ALVTOXN Y10 TTOAD
pHeyaAo aplBpd AElTovpylkKdv KOKA®V, YEYOVOG TOL TMIGTOMOlEl Tr OLVOTOTNTO UETOTPOTNG LLOG
VIEPGUYYPOVNG HoVAdag BACEMS oe oYU N KLUKAIKNG Agttovpylag e TN XPMon TPONYUEVOV VAIKOV.
EmmAéov ot diepyacieg mov voiotavtol T VAKE TPV TN AELTOVPYIKN TOVG XPpNoT dvvavtal vo Exovv
QVENGEL TNV AVTOYN TOVG KoL VO £Y0VV LETAPEPEL TPOG AVATEPT oTAOUN TO Oplo SLOPPONS, ATOTPETOVTOS
£€T61 TNV TAOGTIKY TOPAUOPPMOOT € TPAYHOTIKEG cuvOnkeg. Evtovtolg, Yo avénon tng akpifelog tov
OTOTELEGUATOV KPIVETOL avayKaio 1 GLVEYIOT TNG OlEPEDVNONG UE EVOMUATMOOT] TOV TOPOUEVOLCDV
TAGEDV GTI GUYKOAANGELS YPTCULOTOIDVTOS ETTAEOV TEPAUATIKY OESOUEVAL.
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boilers under flexible operating
conditions assisted by study of their
membrane walls material durability

Panagiotis Drosatos

Supervisor: Emmanuil Kakaras, Professor NTUA

Summary of PhD Thesis

The purpose of this PhD thesis is to investigate the possibility of converting pulverized, coal-fired power
plants from base units to peak or cyclic-load units, characterized by improved flexibility and efficiency. In
order to achieve these objectives, several technological applications are proposed, two of which are studied
in this PhD thesis, namely the combustion of pre-dried lignite or biomass through a pre-drying, storage and
indirect injection system or the use of new materials for the construction of membrane walls or other
structural elements of boilers to increase their durability to conditions of high load or repetitive operating
cycles.

The study of the proposed combustion scheme of pre-dried lignite or biomass through a pre-drying, storage
and indirect injection system is carried out in the Greek units "Megalopolis IV" and "Agios Dimitrios V"
using Computational Fluid Dynamics methods. In the context of these investigations, the selected zones of
boiler are studied at different thermal loads assuming steady-state conditions, the lowest of which are below
the existing technical minima of the units in order to examine the possibility of imposing stable and efficient
operation of the unit at off-design conditions by using the proposed technical solutions. At the same time,
different combustion strategies and different ways of injecting pre-dried lignite or biomass at the lowest
thermal load are examined, using conventional or sophisticated burners. For greater accuracy and validity
of the derived results in terms of combustion efficiency, specific in-house codes are developed to
approximate the reaction rate of particles of all fuel types (lignite, biomass) based on experimental data. At
the same time, a specifically-developed, in-house subroutine is used for the calculation of the fouling rate.



Finally, in case of inclusion of the convection part in the study, alongside the utilization of a feature offered
by the main code, it was deemed necessary to develop an in-house code to increase the accuracy of the
results and the calculation efficiency. Based on the results obtained, the qualitative and quantitative
evaluation of the boiler behavior in the selected cases and the determination of the most efficient
combustion schemes is possible.

For the study of the use of new materials for the construction of membrane walls or other structural elements
of boilers to increase their durability to conditions of high load or repetitive operating cycles, the German
unit "GKM?9" is used as a reference. In order to achieve the objectives of this study, the synergy of different
mathematical models is required: a Computational Fluid Dynamics model is used to predict the developed
heat flux field, an APROS process model to calculate the spatial distribution of the working medium’s
temperature, a thermal conduction model to approximate the material temperature in membrane walls, and
a Finite Element Model to calculate the most important parameters of this study, namely the
stress/deformation fields. As in the previous two cases, the behavior of the boiler’s main furnace is studied
in a range of thermal loads. In this context, an investigation is again carried out to replace the start-up fuel
at the lowest thermal load with pre-dried lignite or biomass and evaluate the boiler behavior. For the
simulation of the material performance, it is needed to adopt a simplistic, but yet innovative and validated
approach, due to the complexity of the boiler structures. More specifically, the sequence of nerves/pipes of
the evaporator component is replaced by plates. In order to achieve high accuracy of the results, the isotropic
material is replaced by an equivalent, anisotropic material, which, nevertheless, exhibits exactly the same
mechanical behavior under the same loading conditions. In order for this to happen, we proceed to the
appropriate configuration of the stiffness matrix elements, by including the actual geometry and the
operating conditions of the working medium. After modeling the entire evaporator of the main furnace, the
areas that are more prominent to high tensions are identified and studied in detail. Finally, a time-varying
simulation of the local areas of the evaporator that are made of T24 (collector and corner areas) is performed
between 27% and 100% thermal loads with a two-hour transition time assumed. By considering the
maximum imposed stress during this transient operation, a fatigue study is carried out.

Based on the results obtained from the above investigations, it is understood that the implementation of an
indirect firing system using pre-dried lignite or biomass can reduce the minimum thermal load of a
pulverized-fuel boiler and increase its flexibility in terms of operating range, while at the same time it can
replace conventional fuels during the start-up stages. However, the proposed scheme and strategy for
achieving the most efficient conditions in terms of critical combustion parameters is case-dependent, so no
general conclusions can be drawn, except for individual parameters. In addition, the investigation of
material performance indicates that the material under consideration can withstand a very large number of
operating cycles, which certifies the possibility of converting a state-of-the-art base unit into a peak or
cyclic-load one through the implementation of advanced materials. In addition, it is assessed that the
processes that materials undergo before their actual use may increase their strength and move the yield limit
to a higher level, thus preventing plastic deformation in real conditions. However, in order to increase the
accuracy of the results, it is necessary to continue the investigation by integrating the residual stresses in
the welds with additional experimental data.





