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Euxaptotiec
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1. EIZATI'QIrH

Avtikeipevo g mopodong Awdaktopikns Awrping (AA) eivoar n perétn g
EMOVAYVENG TNG EMPAvELNG pog vepOepuovisicag papoov e elcaywyn vepov ek
TOV VO M €K TOV KATO, o€ 01dpopec cuvinKec Beplokpaciog Kot Tapoyns OoTE vo
peAetnBovv Ola Ta PavOpUEVE TOV AOUPEVOLY XDPO KAT® amd GLTEG TIG GLVONKEC.
Me 1oV yeviKd 0po emavayvén evvooipe T dwadikacio peimong g Beppokpasciog
pog vrepbeppavieicag emedvelag Emerta omd TNV €160Y®YY KATOWOL YOUKTIKOD

HEGOL OT®G VEPO, PPEOV K. 4.

H pelém tov povopévev kotd tn dadtkacio e eravayvéng amotelel éva omd ta
KOpla Bépata g moykosuog Piploypapiog otov Topéa ™G BeprodOPOvLAIKNG Kot
€xel Gueon emidpaon o€ TOUEIG OMMC 1 TLPNVIKNY TEXVOAOYia, 1 HETOAAOLPYIL KTA.
YUYKEKPWEVO, OTOV  TOREN TNG TUPNVIKNG TEYVOAOYiag, M emavayvén pog
vrepBeppovieicas papoov mupnvikov kavcipov eivar peyiotg onpaciog o0tav €yet

nponynOet atdyMUO OTOAELNG WYOKTUKOD.
21 ovykekplévi AA 1 LEAETN TV TPOOVAPEPHEVTOV POIVOLEVOV YiveETOL:

e Me 1 devépyelo TEWPAUATOV ETAVAYVENG EK TOV KATM KOl T GUYKPLIGT| TOVG
LLE TTPONYOVUEVO TEPAUOTU ETAVAYVENG €K TV v, 6mov EAafav Ydpa 6TV
id1o OepLODOPOLAIKT] EYKOTAGTOOT).

e Me 1w Ponbeia tOoL AoyoHKOD TPocopoiwong G BeproBOPALAKNG
Aertovpyiag evog mopnvikod ovtwwpactipe (RELAP5/MOD3.3) kotd v

duapkeln vog mbovod oTLYNIOTOG.

211 CLVEYEWL AVAPEPETOAL TO TEPLEYOUEVO KOl O OKOTOG TOL Kée kepaiaiov g AA,

(MOTE VAL EYEL O OVOYVAOCTNG L0 TPDTY ETOPY| LLE TO OVTIKEILEVO TOV TPOAYLUOTEVETOL.

Y10 Kepdrowo 2 g AA yiveton pa BipAoypagikn ovookOmnon twv Kuplotepmv
EPYOCSLOV OV pHeEAETOOV TNV emavayvén og vrepBeppavieicag papoov petd amod
ATOYNUO OTOAENG WYOKTIKOD HEGOV. XTO KEQAAOMO OVTO YIVETOL Lo CUVTOUN
TOPOVGIOCT) TOV PACIKOTEPMOV TEPALATIKOV EPYUCUDY KOl TOV GUUTEPAGUATOV TOVG.
Axoun, mopovctdloviol To KLPLOTEPO OVOADTIKA KOU MUIEUTEIPIKA HOVIEAQ TOV
ovoyetiCovv Vv taydtnTa Ko ™ Oeppokpoacio emavdyovéng pe Pocikés pHetafAnTtéc

Omwg etvar ot BepPOPLGIKES 1O1OTNTEG TOV VAIKOV TG PAPOov KabMG Kot ot apyikég
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TEPOLOTIKEG cVVONKES. To KEPAAOO OAOKANPOVETAL LE L0l GOVTOUT TEPLYPAPT] TWV
EPYUCLOV TTOV £Y0LV Yivel yia TV a&loAdynon kai ) Pertioon tov k®dotka RELAPS o
omoiog €PapPUOETOL EKTOG TOV GAAMV KOl Y10, TNV TPOGOUOIMOY] TV QUIVOUEV®V
EMOVAYLENG LOg TUPNVIKNG PELIOL KOVGIHOL HETE amd aTOYNUO ATOAELNG YOKTIKOD

HEGOV.

210 Kepdrowo 3 meprypdoeton 1 Oeppoidpaviiky) eykatdotacn tov Epyactnpiov
[Mopnvucng Teyvoloyiag Omov &lafav ydpa to meEPAUato emaviyvéng e AA.
‘Eppoaon dlvetar otn Aettovpyion NG €YKOTACTAONG KOTG TNV EKTEAEC TOV
neEWPAPdTOV emavayvéng pe mAnppupicpd. o mv emmpnon ¢ TEPOUATIKNG
eYKaTdoTOong ¥pnoipomomdnke éva AOYIoUIKO OV apylkd cvvidyOnke dote va
pumopel 0 MEPOUATIOTHG VO TOPAKOAOVOEl Kol vo KATOYPAPEL TO TELPALOTO
EMOVAYVENS €K TOV AVE. ZNUAVTIKO KOUUATL TOV KEPOAOIOV KATEYEL 1 AVAPOPE GTIG
OVOYKOIEG TPOTOTOGELS OV £YVOV GTO €V AOY® AOYIGUIKO pE oKOmd va dwBovv
OTOV TEPAUOTIOTH Ol 101G dVVATOTNTES KOl Y10 TO TEPAUOTO EXAVAYVLENG €K TV

KATO.

Y10 Kepdrowo 4 avardovior tor AOYIGUIKA OV ypnoipomombnkay yo vo yiver m
LOpPQOTOINGY, KOl 1M OTATIOTIKY €meepyacio TV  TEPOUATIKOV  OEOOUEVEOV.
Amapainn, Yo vo EMTPONEL 1| OVAYVEOOT TOV TEPAUOTIKOV OEGOUEVOV OO TO
TPOYPOLLO OTATICTIKNG EMEEEPYNTING, EIVOL 1 KATOAANAN LOPPOTOINGT| TOVS LE TO
npoypappo rrewetting.fo0 ypaupévo oe yhwooo Fortran. Lt cuvvéyeln, 1o odvoro
TOV VTOAOYICUAV, TNG OTATICTIKNG £negepyaciog Kot TG oXEOOGTIKNG AMEKOVIONG
TOV  HOPPOTOMUEVOV  TEPOUOTIKOV  dedopévav  yivetonw pe t Pondewo tov

npoypappdtov EXpRun.R kot StatsRun.R ypappéva oe yhdooo R Statistics.

Y10 Kepdhoo 5 peketdvtolr ot pnyovicpoil emovoyvéng HEC® TNG  OMTIKNG
TOPATNPNONG OAAL Kot KATAAANA®V YPAPNUAT®V TOV TPOKVTTOLV amd TNV avéAvon
TOV TEPALOTIKOV dedopévav. Emiong, diepeuvdral ) e£4pTnon g To0TNTOS KoL TNG
Oepuoxpaciog emaviyvéng omd Tig apyké TEPAUATIKEG GLUVONKES, TN YEOUETPIO TOL
KOVOALOD SOKIHAOV Kol TIG Oepuopuotkég 1010tteg ¢ papoov. Zav omotélecua
aUTAG TNG UEAETNG, TpoTelveTal 1 YPNON AOCTOTOV Kol UN  MUEUTEPIKOV

e€lomoemVv o1 omoieg cuoyetiCovy Ta aveOTEP® PEYED.

Y10 Kepdhao 6 mapovcidletor o kadwag RELAPS/MOD3.3 ov cuvtdybnke 1o

maiclo g AA. Zkomdg TOL KOJKA €ival 1 TPOCOUOI®MON TV TEPAUATOV
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EMOVAYVENS €K TOV KAT® OTwg dleENyOncav otn BeproBOpavLAIKY| £YKATAGTACT] TOVL
epyaotnpiov. Katomy afloroyeital n woavotnto TpoPAEYNS TOL KOOIKA UECH TNG

oLYKPLONG TOV TPOPAETOUEVOV TILADV LE TIG TEIPOUATIKEG.

OlokAnpovovtag, oto Kepdlao 7 avapépovial o mo PaciKd CUUTEPACUATO TG
epyaoiag. EmmAéov, mapovcidalovtal o onpeia mpoToTumiog e mapovong AA evd
TPOTEIVOVTOL KOl LEAAOVTIKEG EPEVVNTIKEG €PYNGIEC TOGO GTO TEPOUUOTIKO KOUUATL

000 K0l 6TO KOUUATL TG Tpocopoimong pe to takéto RELAPS.
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2. BIBAIOT'PA®IKH ANAXKOIIHXH

270 KEPAAOLO OVTO YIVETOL AVOPOPE TOV AVTIKEIUEVOL HEAETNG TNG Tapovoag AA. X
OCUVEXELNL TTPOLYLLOTOTIOIEITOL [0l EKTEVESTEPT] avapopd TS kKuprotepns Pipioypapiog
mhve oto Béua ™ emoavoyvEeme TV PAPO®V TUPNVIKOL KOVGIHOL HETE Oamod
atvynuo amodrewng yoktikod pécov (Loss Of Coolant Accident: LOCA). Apyika
yivETOL ol GUVTOUN TOPOVGCINCT] TV TEWPAUATOV TTOV dlEVEPYRONKaV amd TOLG
gpeLVNTEG TO0O Yo emavayvén ek tov ave (Top Spray Cooling 1§ Top Rewetting:
T.R.) 600 ka1 yuo emovayvén ek TV KAt pe ™ nEBodo tov TAnupvpiopod (Bottom
Flooding: B.F.). 'Enctta mapovoidloviot to PactkdTePO OVOAVTIKG Kol MUIEUTEPIKY
HOVTEAQ TTOL APOPOVYV GTOV VTOAOYIGHO TOL PLvOHov emavayvéews. TEAOg yivetat
eKTEVIC avaeopd otn Beppokpacia emavdyvéng kabdg Kol ovaoKOTNGN GTo

KLPLOTEPOA LOVTELN VITTOALOYIGLLOV THG.

2.1 Ewaywyn

Kotd 1o maperBov €yovv mpaypoatomomBel atvynuoto peydAng wAlpokog oe
TopNVIKovg avtidpactipes toyvog (Chernobyl, Three Mile Island, Fukushima) ta.
omoio. Kol EVEPYOTOINGOV TNV EMGTNHOVIKN KOWOTNTA LE GKOTO VO Yivel pio 7o
EVOEAEYNG €PELVA TAVE GTOLG QLOIKOVG UNYOVIGUOVS OTAOAEWG KOl ETAVEVTOENGS
YUKTIKOD HEGOL GTOV TLPNVA TV ovTwpactipwv. H peyoidtepn npocoyn 060nke
otovg VOPOYVKTOVG TTupnvikovg Avtidpoaotipec Ioyvog ehappod Vdatog (Light

Water Reactor — LWR), kab®d¢ amotehohv Kot ToV o Koo TOT0 ToyKOG MG,

Ot LWR ypnotpomotohv to vepod yia v Hetapopd BepuotnTog amd ToV Tupive GToug
atpootpofilovg kabmg Kot yu TV amopudkpvven g evamougivovsag Bepudtnrog
(residual heating) and to xkdkAopo atpov. Ot LWR yopilovtatl 6Tovg avtidpactipeg
nemecpuévov vdatog (Pressurized Water Reactors — PWR) kot 6tovg aviidpaotipeg
Céovtoc voatog (Boiling Water Reactors — BWR). H Bacikr] diapopd tovg £ykettan
OTOV TPOTO UETAPOPAS BepUOTNTOC OO TOV VPNV GTOLG ATHOGTPOPIAOVS. XTOVG
avTOPACTNPES TEMESUEVOD  VOATOG, 1 Ogpudtnta TOL  TLPNVIKOL  KOVGIHLOL
LETAPEPETOL GTO VEPO TOL TLPNVA TO omoio Beppaivetar ywpic ®oTOGO vo Ppalet
(ovviOng mieon Aertovpyiag 150 bar). L cvvéyeia, o veépHepuo vepd Tov TLPHVA

OEPYETOL EVTOG COANVOGEMY A0 TNV OTHOYEVVITPL, OOV HETAPEPEL TN OepuoTNTA

15



TOV G€ £va. OELTEPEVOV KUKAMLA VEPOD TO OTTO10 ATUOTOIEITOL KOl KATELOVVETOL GTOVG

oTpoPidovg yio TNV mapoywyn NAEKTPIKNG evépyetog (Zynua 2-1).

Containment Structure

Pressurizer Steam
Gen

erator
|- _H
Fi \ e
Control = I
Rods e
Reactor
Vessel
r Condenser

Zynua 2-1 Avtidpoaotipog neniespévov voatog [1]

Avtifeta pe tov PWR, otoug avtidpactipesc BWR to vepd tov muprva tov TLA.L
Bpalet vio mieon 60 bar kot Oeppoxpacio 285 °C. O atpdg TOL TOPAYETOL OO TOV
Bpacud katevBoveral amevbeiog 6TOVG ATUOGTPOPIAOVE 01 0TTOI0L AVAKOLV KO VTOT

010 KOKA®Ua Agttovpyiag Tov avidpactipa (Zynua 2-2).

Containment Structure

Reactor T -
Vessel = Generator
e =
————
Control Rods
[ Condenser

Zynua 2-2 Avtidpaoctipog (Eovtog vdatog [2]
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Koatd tov teppotiond g Aertovpyiog €vOg mupnvikold OvVTIOPACTAPO 1| KATA TN
OLAPKELNL OTUYNUOTOS AOYM OTMOAELNG TOV WYUKTIKOV HEGOV, cvveyilel va mapdyeTon
Oeppomra Aoy padievepyng dtdomaong Tov atopmv (decay heat) otov mopnva. Avth
N evamoueivovca Beppomta eivoar amopaitro vo omopakpuvlel Eykopa. H un
£yKopn amoUaKpUVGN TNG UITOPEl vor 00N YNGEL GTO «MMOGILO» TOL TLPNVO KOl GTNV
aneAevfépwon padievépyelog oto mepPairov. I'a avtdév tov Adyo, ot 1AL eivan
EPOOIOGUEVOL LE GLOTNUATO £KTOKTNG emavayvéng tov mupnva (Emergency Core
Cooling Systems: ECCS). To vepd amotedel 10 KOPLO YUKTIKO HEGO OVTOV TOV

CLOTNUATOV LE OKOTO TNV ATOUAKPLVGT TG BEpUOTNTOG Atd TOV TLPTVOL.

H pedém tov @uokdv punyavicpuov mov Aapfavouy ydpo GTov Tupnvae KOTd TV
EVEPYOTOINGT TOV GLGTNUATOV ETAVAYVLENG TOL KOOMG KOl 01 PLGIKEG TAPAUETPOL
oV EMNPEALOVY TOLG UNYAVIGUOVG OVTOVS, AmOTELOVV TO OVTIKEILEVO UEAETNG €VOG
peydaov cvvolov BewpnTik®v Kot TEWPOUATIKOV gpyaciov. H mieoynoeio tov
TEPOUOTIKOV EPEVVNTIKOV EPYACIAOV OTOTEAOVV UIKPNG KAMUOKOS TEPOLOTIKES
TPOCOUOIDGELS ATUYNUOTOS OMMOAENS WYOKTIKOD péGov Tov mupnve tov [LA.L
Movadwn e&aipeon amndtedovv ta peyding xiipoxog mepapotoe FLECHT (Full
Length Emergency Cooling Heat Transfer). To mopnvikd kavcipo kobmg Kot M
OepuodTTO TOL TOPAUEVEL OTOV OVTIOPACTNPO HETE TOV TEPUOTICUO AEITOLPYING,
npocopotdlovtor gite and pio amin papoo eite amd pia déoun paPdwv niextpikd
Oepuavopevov pe Bepuokpacie mov pmopet va emepdoovv kot tovg 1200°C. Ot
apykég cuvOnkeg Tigong TV meEpapdtov Kouaivovtor petagd 1-70 bar evad ot
TapoyéG LALag Tov YUKTIKOU HEGOL Taipvouy TnéG peta&o 1.016 kgs’1 - 116 kg-s'l.
Q¢ YUKTIKA PEGO TPOGOUOI®MONG UTOPOVV Vo, YPNGILOTOMBOVV EKTOG TOL VEPOD Kot
dAlo kKpvoyevikd vypd omwg 1o Freon-12. Qot600, MOy tOoL LYNAOD SVVOLKOV
KataoTpoPng Tov 6lovtog (0zone-depletion potential ODP) tov Freon-12, npotdfnke
a6 tovg Cheng kot Mullerkon n xprion tov Freon-134a, to omoio éxetl anoderydel mog
&xel mapopoleg Oeppopuoikég W0t teg pe o Freon-12 [3]. H cwot) emthoyn tov
VYPOV  TPOCOUOI®ONG HUmOopel Vo eMEEPEL TOAAG TAEOVEKTNUHOTO KOTH TNV
TEWPOUOTIKY Oepyacio Ommg elval 1 peiwon ¢ mieong Aettovpyiog kot g

Bepuoxpaciog Aettovpyiog.
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Ol gpevvnTIKEG €pYOciec MOV OPOPOVV TN UEAETN TOV UNYOVICUOV ETOVAYLENG,
TOAAEC QIO TIC OMOIEC OVOPEPOVTOL GTN) CLVEXEWL TOL KeQaAaiov, ywpilovtal oe
BewpnTikég Kot TEWPAPATIKES. To AmoTELECUA TOC EPYACIOV AVTAOV gival Eva GhHVOLO
TPOTEWVOUEVOV BEQPNTIKAOV, NUIEUTEPIKOV KOl EUTEPIKOV LOVTEA®V TO KabEvo and
T OTola eivat EPAPUOGIIO GE Eva EDPOS GLVONK®V Ttieons, Oeppokpaciog Kot puOuov

TOPOYNG TOV YUKTIKOV HEGOV.

2T GLVEYELN AVOPEPOVTOL Ol TTEWPOUOTIKEG EPYAGIEC TOL AUPOPOVV TNV TPOCOLOIWGCT)
™mg emovayvéng papoov 1 paPowv TUPNVIKOD KAVGIHOL G& O1POPEG aPYLKES

oLvOnKeg Tieon g Kot Beprokpaciog (e TN XpNon VEPOD MG YUKTIKOD HEGOV.

2.2 Melpapatikég epyacieg

Ot d18QopeC TEPAUATIKEG EPYUCIES LTOPOVV VO, YOPIGTOVV GE OVTEG TOV UEAETNGAV
NV EXAVAYVEN €K TOV AVO LE PIAUL TITTOVTOG VYPOV KOl GE QVTEG TOV UEAETNGAV TNV
EMOVAYLEN €K TOV KAT® PE TANUUVPIGHO. Y TAPYOLV KOl AAAEG O1 OTTOIES OLPOPOVV TN
dtevépyela mepapdTov enavayving eite ek TV Avo €ite ek TOV KAt® oty dw
TEPOAUOTIKN EYKATAGTACT] KOl TOVG OVO TPOTOVS EXAVAYLENG GTNV 10100 TEIPAUATIKN
EYKOTAGTOOT KOl EMEPOLV Vo €EAYOLV  CLYKPUTIKO OMOTEAECUATO KOl VO
LEAETNGOVV TIG OL0LPOPEG GTOVG PLGIKOVS UNYOVIGHOVS TOVL AAUBAvouy Ydpa GTIg dVO
Eexoplotég mepumtdcelc. H mpd mepapatikn epyacio Tdvo 6To atOYNULO ATOAELG
WUKTIKOD HECOV EYIVE LE EMAVAYLEN €K TOV AVD OTTMG avapépetat omd Tovg Shires et

al. 7o 1964 [4].

Avo glvar ta Bacikd peyédn mov evolapépovy TEPIGGHTEPO VO VTTOAOYIGTOVV Kot Vol
TPOGIOPIGTOVY KOTA TN SEVEPYELN TEWPAUATOG ETAVAYLENG: 1 TaXOTNTA EMAVAYVENG
n/xon n Beppoxpacio emovayving. Q¢ TayvTnTe emavayvéng opileton n taydnTo
HETOKIVNONG TOL LYPOV HETMOTOL TOL YLKTIKOV €ni NG vepOepuavisicog empavelog
Katd T Qopd Kivnong tov vypoo [5, 6]. Ano v dAln, n Beppokpacio exavayving
opiletar g N pé€yrom verotduevn Beppokpocio pag VEEPHEPUNG GTEPENG EMUPAVELOG

KOTA TNV omoia gival EQIKTN 1 ETAQN TG EMPAVEING LE TO YOKTIKO vYpo [7].

[Mopaxdto, Yoo TNV KOTavOno™n TOV QUIVOUEVOV, OVOPEPOVTOL OPLGUEVES GTLOVTIKES

TEWPOUOTIKES epYyacieg emavayving vrepbepuavieicac pdfdoov mov odevepyndnkav
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OLUVOPTNOEL TNG apPYIKNG Bepuoxpaciog kKabmdG KOl TO CLUUTEPAGUATO GTO OmTOio

KatéAn&av.

2.2.1 Emavayvén €k TOV dvo

[Mepdpata pe T.R. Tapovcidonkay otig epyasies: [4, 8, 6, 9, 10, 11, 12, 13, 14, 15].
Kd&Be epyacio dievepyndnke oe S10pOpeTIKES apyIKES CLUVONKEG OTMG TEGELS, OPYIKES
Oepuoxpacieg mEPIPANUATOC 1| TOPOYES WYUKTIKOD HEGOV. AKOUN YpnolomTomOnKoy
OWPOPETIKA.  VAMKA  mepifAnuotoc  Kabmdg kol OlPOPETIK  LOPPOAOYia

vrepBeppavieicag empaveiog (paPdoc - corvoc, Thdxa). *

Mio amd TG MO TPOYES TEPAUATIKES EPYOTieg o€ avTdV TOV Topéa dlevepynonke
a6 toug Shires et al. [4] to 1964 o1 omoiot peAétnoav 10 OIVOUEVO TNG EMAVAYLENG
1660 o amAég paPdovg 6co Kor oe décues tov 7 papdwv. Katd tn dudpxela
JEVEPYELNG TOV OTHOCPOIPIKOV TTEPOUAT®V Tmv Shires et al. mpaypatomodnkay kot
Ol TPOTEG OMTIKEG TOPOTNPNOCES EYKOTAGTACNG TOV VYPOL O TAVED oTNV
véPOepUN EMPAVELDL PETA OO TOV YEKACUO TNG UE YUKTIKO. AKOUN, TOPpOTHPNCOV
OtL 0tav 1 Beppokpacion TOL TOYOUATOG TOV TEPIPANUATOS TS paPdov vrepPaivel
toug 138 °C tote t0 AN vEPOD TOL KaTELOLVVOTOV TTPOG TOL YAUNAGTEPA oNueia NG
papoov dywpilotav ce atud kot vYPd VIO HopPN ctayovidiwv. Avth M mepoyn
VYPOV-ATHOD TOL OVOUAGTNKE TePoyn Plong otayovomoinong | oAlmg sputtering
region, 6poc mov opiotnke and tovg Shires et al., pdvnke 6TL uTOPOHOE VO TEPLOPIGEL
NV TOYOTNTO ETOVAYLENG. AKOUN TapaTnPNONKE 1GYLPT YPOUUIKT GUGYETION HETAED
™mg apykng Beppokpaciog tov toyyopatog (Tw) kot g avtioTpoeng ToydTNTOG

ermavayvéng (1/u).

To 1966 o1 Bennett et al. [8] extéhecav o oepd mepapdtov pe AL vVYPoH oe
coMva and avoieidmto atcdAr (Stainless Steel: S.S.) oe mepiPdAiov atpod pe
méoelg puetaln 6.89-68.9 bar. [apoampnoav 61t n TodTTO ETOVAYLENG pELOVOTAVY
660 avéovotav 1 Bgprokpacio Tov ToY®UATOG TS PAPOOL TS GLVEPN Kol oTA
newpauoto tov Shires et al. [4]. Mia axdéun onuavtikny mopotipnon ntov Ot 1
tayvtTo emovayving avéave pe v avénomn g mieong (P) kor Mrav teleing

ave&aptn amd To puouod pong pnalag tov vepot (G).

' H Sapopd petaéd papdov kat coAfve dev £xel SEVKPVIOTE! MOTOGO GTO TOPOV KEIHEVO
avapépovtal oG akpiPpng petdppacn g Pifloypaeiog.
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Endpevo onuovtikd meipapo emovayouEng ek tov avm, steEnydn arnd tov Yamanouchi
[6] o 1968. Zta mepdpata, To omoio, Eyvay Ge OTUOCPAPIKEG GLVONKEC Tieonc,
ypnowonoinoe po déoun 36 papdwv and S.S. tomobenuéveg o TALypota TV 6X6
eykipotiopévec oe kaviha 119x119 mm?2. Ocov apopd TV eEGPTNON TS TOXOTNTOC
EMOVAYVENG amd v opylkn Beppokpacioc tov TOoy®UOTOC, emPefainoe TIC
TOPATNPNOES TOV TPOAVUPEPHEVT®OV EPELVNTAOV. AKOUTN, TOPOTAPNCE MO HIKPY
e€apon g TaydINTOG ETOVAYLENG amd TOo PpLOUO PONG TOV VEPOD Yol TOPOYES

naloc petald tov tpdy 510 kg's™t éme 16.7-10* kg-s™

To 1970 ot Yoshioka ka1 Hasegawa [9] dievépynoav melpdpoto Tintovtog Qi vypow
0€ OTHOGPAIPIKES cLVONKES TiEoNC YpNoIOTOIDVTAG fia pdfdo amd S.S unkovg 400
mm Kot e€mTepkng dapétpov 13 mm pe mapoyn pdlog 16000V YUKTIKOD UETAED
0.245 kg~m'1's'1 Ko 2.45 kg'm'l-s'l. Ta ovumepdopata mov KatéAn&av emiPePainoav
tov Yamanouchi o¢ mpog v enidpacrn g apykng 0eplokpaciog ToymUaTog Kot

TOPOYNG LALHG OTNV TaYVTNTA ETOVAYLENC.

Ta ¢t 1970-1971 élafav ydpa and tovg Duncan kot Leonard [14, 15, 16] o oepd
TEWPAUATOV ETAVAYVENG EK TOV VO GE TPAYUOTIKEG GLVONKES ATLYNLOTOS ATMOAELOG
yokTikoy evog avtwpaotipe BWR (Boiling Water Reactor), ta emovopalopeva
nepdpato. FLECHT (Full Length Experimental Critical Heat Transfer). H
gykatdotaon oamotelovvrav and 49 papoovg tomobetnuéves oe mAEypoTa TV 7X7
Kkataokevaopuéveg and S.S. 1 Zircalloy. Atevkpvileton 0tL 6e kébe meipapo vaqpye
pévo éva gidog papowv gite amod S.S. gite and Zircalloy. Ta mepdparta dievepyndnkav
oe opykéc ovvinkeg mieong petagy 1 kot 6 bar kot mopoyng yuktikod peta&y
1.66-107 kg-s'1 k0110.83-10° kg~s'l. Metd ) de&oymyn tov mepapdtov KatéAnsov
oe 000 TOAD evolapépovta cvumepdopata. Katopynv mopatinpnoov Ot mopd Tig
dwpopetikég Bepuikéc 1010tTeg TV paPowv amd S.S. wor  Zircalloy, ot 600
drapopetikol THmol paPdwv yHynkav pe tov 1010 Tpdmo. Akdun, cvounépavay Ot yio
TECELG PEYOUAVTEPES TNG ATHOCPOLPIKNG, OTOLOONTOTE TEPALTEP® AVENCT TNG TEGNG

EVIGYVEL GNUOVTIKG TNV OTOTELEGUATIKOTNTA TG ETOVAYLENC.

[Mapaiinia pe tovg Duncan kon Leonard ot Elliott kot Rose [10, 11] pelétnoav v
EMOPACT, TOV YEKAGHOV €K TOV (VO OT0 £0MTEPIKO dSPOpOYV GCOANVEOV
Kataokevaopéveoy and S.S., Zircalloy kou Inconel. Ta weipdpata dievepynnkav oe

nepifdAlov atpod pe opykéc miéoslg amd 3.43 bar éog kou 52.8 bar. Amo ta
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TEPApoTo. nPePordOnNKay To CLUTEPAGLOTO TV TPOYEVESTEP®OV epevvaV [4, 8, 6,
9] oyetikd pe TN CLOYETION NG AVTIOTPOENC TOYVTNTOC EMAVAWYVLENC UE TNV OPYIKN
OeproKpacio TOL TOLYDOUATOG, Y10 OAO TO EVPOG TMOV TEPAUATIKOV TEcE®V. EmumAiéov,
emPefaivcov 611 pe v avénon ¢ mieong vmapyel avénon NG ToxOTNTAG
EMOVAYVENS, 0ALA Ot Pprikav kdmola emidpacn tov pvOuovd pong pdloag pe v
tayvtra. Xe ovtifeon Oopwmg pe tovg Duncan kot Leonard mopatipnoov 6t M
TovTTa. emovayvuéng evog coifva amd Zircalloy (U;) Mrtav dumhdoio omd v
TV Te ETaVayLEng oe coMjva omd S.S. (Uss) 1 Inconel (Uin). Téhog, pio oxcdpo
ONUOVTIKY TTopatipnon mov e€Nyon HETE amd o TEPAUATE TOVS GTOVS COANVES OO
Zircalloy jtav 611 pe v avénomn g 0&eidmong 6To TolY®L TOV COANVO, 1) TOYVTNTO
avéavotov kdatt mov emPePfarddnke ko to 1972 amd tov Tong [17] o omoiog
emeonuove OTL (o ehoppld  evamdbeon KpoLOTOS TAVEO OTNV  ETEAVEL TOL

TOYOUOTOG PEATIOVEL TN peTapopd OeprotnTog omd T paPdo 6To YUKTIKO HEGO.

To 1994 devepymnkov oto Ogppovdpaviikd Koxiopa oto Epyactiplo Tupnvikng
Teyvoloyiag (EIIT) tov EOvikod Metaofov TTolvteyveiov mepdpota [12, 18, 19] pe
emoavayvén pog papfdov and S.S. ek TV Ave pHE QAN TTTOVTOG VYPOV, TOCO GE
atpoopatpikn wieon (1 bar) 660 kot oe peyaAvtepeg méoelg (2-7 bar) oe mepifdiiov
atpov. Ta cvumepdopata avtg s epyaciog empPePfaincov OAEG TIG TPONYOVUEVES
TEPAPATIKES epyacies. AkOoun mapatnpndnke Bpadvtepn emoviyvén oto TEPALT
0€ OTUOCQOIPIKN TIECN ©€ OYE0N HE TO TEPAUOTO 7OV Olevepyndnkav oe
HEYOADTEPES TIECELS VD emaAnBevOnke mepapatikd 0Tt 060 avEdvel M wieom, M
enidpact| g otV tavTTO EMAVAYLENG petdvetal. Ao 1o 1994 kot péypt ofjuepa
é&xet  mpoypatomoinfel oto Ogppovdpaviikd Kokiopo tov EINT  onpoavtikh
TEPAUATIKN EPELVO TAVO OTA QOIVOUEVO ETAVAYVENG UE P TMTOVTOG VYPOL OE
dhpopeg apyikég ocvuvinkeg wieong, Beppokpaciog papoov kot Topoyng Yuktikov [20,
21]. Otv telMkég TOopaTNPNOES OA®V TOV TEWPAUITOV GCULUTITTOLV UE  TIC

npoavapepbeicec.

H televtaio melpopatikny epyacio AmOKAEIGTIKE GTNV €K TOV AVM ETOAVOYLEN LE LA
VYpov €ywve to 2010 amd tovg Sahu et al. [13]. Ta wepdpata Eywvov oe Evov oMV
and S.S. kbtw and atposeaipikn wieon. Ot Sahu et al. mapatmpnoay 6tL N petafoin
g TavTNTOG EMAVAYLENG elval To gvaicOntn oto pLOUG pong pdlog Tov vepov (G)
v apywn Oeppoxpacio toyydpatog 200°C ce ocvykplion pe T METAPOAN NG
ToYVTNTOG €mavayvENg vy apykn Beppokpacio toympatog ion pe 400°C. ‘Etot
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emPePardOnrov OAeg ot mponyovueveg epyacieg twv Shires et al., Yamanouchi kot
Yoshioka et al.. Qot6c0 Bedpnoov TOG To LOVIELD TOV TPONYOVUEVMDV LELETNTMV
NTOV UEPIKADG EMTUYNUEVO TNV OVOAVOT) TOV QAUIVOUEVAOV ETOVAYLENG Le VYNAODG
pLOLovg Tapoyng Halag Yuktikoh kabmg dev AAuPavay VoYV TOLG TO PALVOUEVO
™G TPOSPOUNG YOENG. Q¢ Tpddpopun Yidn opiCeton n Yo G OTEYVIG TEPLOYNG TNG
vrepBepuovisicog emPAvELNg KATAVTN TOL VYPOV UETOTOV AOY® TOV YEKAGLOV NG
oTEYVNG TEPLOYNG 0md To YukTikd péso. KatéAn&ov Aowmdv mmg o€ vyniovg pudpoig
pong nalag vepod N datdpoln TS TEPLOYNG TOV VYPOV LETMTOL GE GLVOVOCUO LLE TO
QOVOLEVO TNG TPOdPOUNG YOENS &€ixe cav amoTéAESH TNV ovEnomn Tov pvopov
emavayvéne. Emione amewkdévicav oe dwypdppoto v ypoppiky e£apmmon g
ToO TN TG EMOVAYVENG ard To YvopeVo tov Babuod vadyvéng (ATsub) tov vepod pe
10 pLOUd pong g paloag tov. Qg Pabudc vrdoyvéng vroAoyiletal n daPopd ™G
Bepurokpaciog Kopesov Tov vepoL Yo dedopévn mieon pe 1 Beppokpacio Katd v
€16000 10V 610 TP dokiudV. EmumAéov, yia AN o @opd, £ywve emPePaicnon g
YPOUUIKAG €EAPTNONG TNG OAVTIIGTPOPNG TOYLTNTOS EMOVAYLENG OO TNV OPYIKN

Bepuoxpacio Tov TOYYONOTOG.

Ytov Ilivaxa 2-1 cvuvoyilovior OAEG Ol TEWPOAUOTIKES EPYOCIEG TOL TPOoAVAPEPON KA.
21c 000 TPMOTEG CTNAES OVAPEPOVTIOL TO. OVOLATO TOV EPELVNTAOV KOlL TO £TOG
onpocievong TV AmoTEAECUATOV TOVS. XNV TPitn OTYAN ToapovctaleTor M
vrepBepuovicico  empdvela  mov  ypnowomomnke oe  kdbe  mEPAUATIK
EYKATAOTOON. XNV TETOPTY, MEUTTN KOl EKTN OTAAN TOPOLCIALOVTOL Ol OPYLKES
OLVONKEG NG TEWPAUATIKNG eYKOTAGTAONS (Tieon, apyikn Oepprokpacio TOyYdOIOTOS
Kot puOpdg pong palag vepov). Téhog, otnv terevtaic 6TNAN mapovcidloviot Ta

cuumepdaopaTo Kabe epyocio.

And tov Iivaka 2-1 pmopodpe va katoarnEovpe 6to cvopmépacia 0Tt Otav £XOVUE
EMOVAYVEN €K TOV Gve 1 ToyuTNTa emovayving eaptdtor omd TNV apyIKn
Oepuoxpacio Tov Toy®UaTog ™G VrepBepuavleicoc empdvelag. Axoun, OAo T
nePapaTa oL APV YOPO GE ATHOCPUIPIKEG TEGELS KATEANEAY 0T dlamicTon 0Tt
pe v avénomn g mapoyns ndlog tov vepov avédvetatl Kot o puOuds emaviyvéng. H
e&nynon 060nke amd toug Sahu et al. [13] 6mov £yve ohvdeon Tov PLOUOD TAPOYNG
pélog pe 10 eovOpEVO NG TTPOdpoUNg WYOéng oty ENPY| TEPLOYN TNG ETLPAVELNG.
Avtifeta, oto melpdpota e TEGES UEYOADTEPES TNG OTLOCOUPIKNG TOpTNPNONKE
po emidpacn g HETAPOANG NG mieong oty TaydTNTa £mavayvéng (avénon g
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mieong odnyovoe oe avENomn ™S TaydTNTAG) GALA OV TapatnpnONnKe Kapio exidpaon
Tov pLOUOY Tapoyng ndloc otnv ToyvINTo.. Mio emmAéov mapatnpnon omd TV
avdAvon mov tponyndnke, eivar n advvapio eEaymyng as@aAlods GUUTEPAGLLOTOG TTOV
va a@opd TV emidpacn Tov LAKOD TG vepBeppovieicag emPAvVELDg 6TV TOYLTHTO
emavayvéne kabmg and to mepdpota twv Dunkan et al. [15] dwamiotdverar 6t 1
ToOTTe Emavayvéng tov papowv amd zircalloy sivar oyeddv ion pe v ToydTnTa
emavayvéne Tov papdwov amd avoleidwto yoivfa, evd and ta mepauata tov Elliott
et al. [11] dwamiotdverar mowg 1 TovTTa ETAVAYLENG TV pafdmv and zircalloy sivar
dwmAdolo amd ovty Tov paPowv Tov avoieidmwtov ydAvPa. TéAog, o akdun
SmioTOOoN NG OVOCKOTNONG TOV TEPOUATOV ETAVAYLENG €K TOV v €lval TO
veyovog Ot por elapptd o&eidmon g vrepbeppavieicog empaveiog aivetal va

av&avet kol v TaxOTTO ETAVAYLENG TNC.
2.2.2 Emavayoén ek TV KATO

Onmg kot pe v enavayuln ek ToV Avm, KOTA TIG TPONYOVUEVES OEKOETIES Eyvay Kot
TEPAPOTO UE ETOVAYVEN EK TOV KATO 08 daPopes apyikég ovuvOnkeg [22, 23, 24, 25,
26, 27, 28, 29, 30, 31]. Ta nepauoto enavayvéng ek TmV KATO TPoyUaTomTolovVToL
HE TANUUVPIGHO TOV KOVOAL0D OOKIU®MY 6TO 0moio eumepiExetol 1 vrepOepuovisica

EMPAVELQL.

O IMivaxag 2-2 cuvoyilel TIG 7O CNUAVTIKEG TEPOUATIKEG EPYACIEC TOV £yvay omd
10 1971 éwc onuepa. Onwg @atvetor and T0 GLUTEPAGUATO TOV TivVOKO, OTO TIG
gpyooiec [22, 23, 27] PAémovpe OTL OTOG KO TPONYOVUEVMOG LE TV aDENGT TNG THEONG
Eyovpe kol avénomn g ToyvTrTog emovayvine. To eavopevo avtd eénynbnke amnd
tov Thompson [32] o omoiog vrootpi&e 611 1 avEnon g wieong odnyel oe avEnon
¢ Oeppoxpaciog sputtering (Tspur) N emavéyvéng (Tq), n omola pe ™ oepd g
av&avel To puBud emavayvéng. AkOun mopatnpnoe Kot ENYNCE OTL pe TV avénon
oV Babpod vroYLENG (ATsup), OMAAON TG dtapopdc TS Bepprokpaciog KopeouoD Kot
g Oeppokpaciag €16600V TOL WYLKTIKOV, OVEAVETOL KoL 1 TOOTNTO ETOVAYLENG
AMOy® TG avénong g Beppoxpaciog emaviyvéng. Téhog, o Thompson mapatrpnoe
OtL VIapyel éva Kpioo Opo mayovg tov TEPPANUATOG TG PAPOOV (d¢rit) Gved TOV
omoiov N TayvTNTO EMOVAYVLENG Oev emnpedletat. To mdyog dev €xel po otabepr| Tyun
aAAG elvan cuvaptnon ¢ apykng Bepurokpaciog g vrepbeppavieicag empoaveiog

Ko NG mieong Tov meptPdAlovToc.
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To 1976 or White kot Duffey [28] éxovav melpdpota exoviyvéng ek Tov KOTo o€ pia
eykatdotaon oyfuatog U 1 omola dev emétpeme omevbeiog v €l00ymY TOL
YOKTIKOD E TN LOPON TANUUOPOG AALL dNUIoVPYOVGE GUVONKES 0loTaH0VG poNg KAt
™V €i6000 TOL YVKTIKOV. Mg TovV TpOmO avTd peAeTHONKOV Ol UNYOVIGHOL Kot 1
EMIOPUOTN TOV EVOLAUECHOV OVTICTAGEMY TOV COANVMOCENDV GTNV EXAVAYLEN OTOV GE
Eva. aTOYNUO. OTAOAELNG WYOKTIKOV OgV givar O1af€otun deEaUeEV] YOKTIKOD GTO EMINESO
KAT® amd TOV TUPTVO TOL OVTIOPACTNPO. XTO LyNuo 2-3 ametkovileTol TO SdypopLLLoL
G €YKATAGTOONG OV ¥pnoiponomdnke. Onwg @aivetal amd T0 oYU, TO YUKTIKO
EMpENE TPAOTO VO, TEPAGEL 0O P KGOt cwAnvmon (downcomer) kot va 61EA0gL o
opilovtia cornvoon (lower plenum) mpv @Tacel TEMKA 6T0 KOTOTEPO EMMESO TNG
papoov kat Eekvnoet N dadikacio g exavayvéne. Metd and po oelpd TEPAUATOV
eENYON 10 ocvumépacpa OTL 1 TOYVTNTA EMOVAYVLENG GTNV TTEPITTMOON UG AoTOOOVGS
pong vepol eivar oxeddv ion pe Vv ToydTNTA EMOVAYLENG GTNV TEPIMTTOOT OV
gyovpe otabepn por| vepov Kot 1 EMOPACT TOV OVIIGTAGEMV TOV COANVAOGEDV GTN

PON TOV YUKTIKOV HEGOL Eivorl apEANTEQ.
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Yynua 2-3 Tepopatikn eykatdotaocn tov White-Duffey [28]

To 1977 ou Naitoh et al. [29] dievipynoav melpduato exavayvéng oe pio déoun 49
NAekTpiKd Beppovopevov papowv pe T péBodo tov TANUpVPIGHOL. MeAétnoav
d1e£001Kkd TO Pavopevo g "déopevong atpov” (steam binding) to onoio edvnke va
emmpedlel onuavtikd v ToyvTTo ETavAYLéng. To eavopevo TG OEGUEVONC ATLOV
TOPUTNPEITAL GTO TEWPANNTA ETAVAYLENG €K TOV KAT® Kol gpeaviletar Otov 1
TOPAYOYN OTUOL KoTd TV emovayvén eivol 1660 peydAn mov mpokaiel Gvodo g
TEONG GTO KAVOAL ETOVAYLENG Kol KATOGTOAN TOL pLOUOD €1GPONG TOV YUKTIKOV.
Avt| M avtiotaon o6t SIEAELOT TOL VYPOV UETMOTOL £YEL KOl GOV OTOTEAEGLO TN
peiwon g tayvrog eraviyvéng. Katd ta meipdpotd toug Aoudv mapatipnoay 0Tt
0 OMUOVTIKOTEPOG TTapdyovTag ov ennpedlel To puéyebog g atHomapaywyns etvot o
puOuog pong pdlog tov yoktkod. Oco pikpdtepog elvar avtdc o pvOUdS TOGO
HUIKpOTEPOG €ivorl Kol 0 pLOUOG ATHOTOPAYMYNG LE OMOTEAEGUO 1 TTTAOGCT TIECNC KO

Gpo M KOTAGTOA] TOL PLOUOV €10PONG TOL YLKTIKOL va elvar pikpdtepn. To
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QoVOUEVO aLTO TopaTNPNONKE va £xel TNV 10100 TOOTIKY TAOT TOGO G€ LYNAEG OGO
Kol o€ YouUnAég mapoyés ndloc, O0mme amekovileton kol oto Zynuoto 2-4 kot 2-5.
Axoun ot Naitoh et al. diepedvnoav kot tovg mopdyovieg mov emnpedlovv
Oepurokpacio emavayvéng kot katéAn&av mog 1 eppokpacio emaviyvéng eEaptdtot
amd v 1oyv G Oeppovopevne pdfoov kot oyt amd ™ Oeppokpacio 1600V TOV
YUKTIKOD, TNV POy 16000V TOV YUKTIKOV 1 TNV apykn Oeprokpacio e pafoov.
Avtd 10 ocvumépoopo €€NyONn amd TV peAétn g AEOVIKNAG KATOVOUNG TNG
Oepurokpaciog emavayvéng e GuVAPTNON LE TO CLVNUITOVO TNG AEOVIKNG KOTOVOUNG
¢ woyvoc. Exel mapatnpndnke 011 ot avdtepa TURHate TV paABo®V, OOV VINPYE
YOUNAOTEPN 1oYVG, M Beprokpacio ETOvAYVENC TV CUAVTIKA YounAdtepn and ta
VTOAOITOL TUAILOTO. ZTO TUNHOTO TOV pABdmV pe T peyardtepn oyd, | Oeppokpacio
emavayvuéng Moy ion pe v Beppokpacio TG ETPAVEINS TOVG KATA TN GTIYUN TOV
np®ToL Ploov Ppacpod 6mov otapatder n avénom g Beppokpaciog g pafoov
Moyo decay heat. Xto vmOlowma tunpota, 1 Ogppokpacio emavayvéng Mrov
CLYKPITIKA YopnAotepn. [evikd, oto ovvolo twv mewpaudtov, 1 Oeppokpacio
EMOVAYLENS 0T dLaPopa TUNHOTO TV PAPRdmv Kopdvinke peta&d tav 420°C kot

550°C.
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Zymua 2-4 MetafoArég mieons Kot 1oy0og KOTA TN SLAPKELN TEPAUATOS ETOVOYLENG
ue puOpod Tapoyng yoktucov 59 I/min [29]
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Zymua 2-5 MetafoAég mieonc Kot 1oy0og KOTA TN SLAPKELN TEPAUOTOS ETOVOYLENG
ue puOpo Tapoyng yuktucov 29 I/min [29]

27



To 1981 ot Dhir et al. [30] ékavav meipduata eravayvéng €K TOV KATM G& (o dEcUN
4 paBowv. IepapatiotnKov TAVEO GE TPEIC OLOPOPETIKEG TEPUTTAOGELS: o) 4 papdol
ano Zircalloy, B) 4 pdfdor and S.S., v) 2 pafdor and Zircalloy kot 2 papoot amo S.S.
TavTtoYpova. Tlapatnpnoav 6Tt av Kol 1 ToLTNTO EXAVAYLENG SPEPEL OO TN Hia
papoo otnv GAAN, TOPOAO OVTA M TOYLTNTO UETOPAAAETOL LE TNV OTOCTACT] OO TN
0éon e160y®YNG TOV PELGTOV. ZVYKEKPIUEVO 1) TAXDTNTO EXAVAYLENG GTO KOTDOTEPO
KOl GTO AVATEPO TUNHO TS PAPBOOL NTAV LYMAITEPT OITd TNV TOYVLTNTO ETOVAYLENG
0T0 pecaio THUMHa NG papoov. O vynAdTePog pLOUOS emavVAYVENG GTO KATMOTEPO
TUAHA TG PAPOoL amododnke oto peyaddtepo Babrd vIOYLENG TOV YUKTIKOD HEGOV
KOTO TNV €100Y®YN TOV GTO KOVOA OOKIU®V, EVM GTO OVMOTEPO TUNUO TNG PAPdov
amoddinke oto PEAVOUEVO NG TPAOPOUNS YoEng. 1o pecaio T g papoov o
HEpPEVOS puOUOG emavayvéng amoddnke otV LYNAN aTUOTOINGN N OToio NTOV GE
0éon va mPoKaAECEL KO OVAGTPOPY| TG PONG TOL YLKTIKOL otn papdo. Axoun,
TOPATHPNCAV OTL 1] TOYVTNTA EXAVAYVENG ALEAVEL pe TNV avEnon g pong Halog Tov
VYPOV KOl pdAloTa OTL gfvon avddoyn tng teTpaymvikng pilag g pone. Akdun, dcov
apopd Tig papdovg mapatnpnoay Ommg Kot Aot pedetntég [11] 6t or pafdot amd
Zircalloy yiOyovror ypnyopotepa and 115 papdovg amd S.S.. Znuavtiky mopatipnon
ntav kot 1 ypoppikn eEdptmon g Bepuokpociog emavayvéng amd to Pobuo

VEOYVENG TOL YUKTIKOV KaODG kot amd 1o puOud mopoyns nalog tov.

To 1987 o1 De Salve et al. [33] dwie&nqyoyav mepauato B.F. kot ta ypnowonoincav
YL T GUYKPIGN TOLG HE TO OMOTEAEGUOTA TOV LIOAOYIGTIKOU kmdtka RIBFA mov
onpovpyncav ot idol. Amd To WEWPAUATO TOVG TPoékvye OTL M Begpuoxpacio
emovayvéng eaivetar va g&aptdtor omd T Bepprokpacio 1GO0V TOV YUKTIKOD GTO
KOVAAL KOl amd TNV apylkn Beppokpacio Tov Ttorydpatog TG vrepBeppavisicog
emoaveiag. Avaeépovv emiong kot v emidpacn tov pvOuod pong pdloag Tov
YuKTIKOO 01N Ogppokpocio emavayving n omoia OU®G Gaivetar va givol piKpn o€

oXE0MN LE TNV EMIOPOCT] TOV TPONYOVUEVOV TOPAUETPDV.

Téhog, 10 1991 o1 Tuzla et al. [31] dwmictwcav amd To dikd Tovg mepdpata B.F. ot
Otav o€ aTHOoCEUIPIKN Ttieon avéndel n por| €10600V TOL VEPOD VITAPYEL AHENCT TNG

TayOTNTOG EMAVAYLENG, PatvoueEVO oL TTapatnpnOnke kot ota tepdpoto T.R..

A6 Ta TPONYOOUEV QAIVETAL OTL Ol TOPBEYOVTEG TOV EXNPEALOVY TNV ETAVAYVEN €K

TOV VO KOl Ol TOPAYOVTEG TOV EMNPEALOVY TNV emavAyvln €K TV KOT®O &ivol
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TOPOUOI0L POV Ol TOPUTNPNOES TOV HEAETNTAOV OEIYVOLV VO, GUUTITTOLV Ko Vo,
aAAnloemBePardvoviat. 26T0C0, OGOV APOPA TNV TEPIMTOON TNG EMIOPACNS TNG
Topoyns Malag, To CLUTEPACUATO Eivol OPOPETIKA Yio TIG 000 TEPMTMOGELS
EMOVAYLENS €POGOV SMIGTOVETOL OTL GTNV TEPITTOGCT TNG EMOVAYLENS EK TOV KATW
0 TmopAyovtag avtdg eivar woyvpdg Kot emnpedlel onupoviikd to pLvOUd NG
EMOVAYVENC. e avTifetn TepinTmon, Katd To TEPAUATH ETAVAYLENG EK TV AV® eV
OMIGTMOVETOL 1OYVPY CLGYETION UETOEL TNG TapPOoyYNG MALOG WOKTIKOO Kol TNG

TOYVTNTOG EMAVAYVENG.
2.2.3 Emavayvoén ek Tov avo Kol KATo

Eivor Alyor ov pedettég ov omoiot katdepepav oty idwo mEPOUATIKN Odtaln va
deEdyouv mepdapato emavayving 1060 €K TV dveo 0G0 Kol €K TOV KAT®, MOTE GTO

TENOG vaL yivel pia okpiéotepn obykplomn tov anoteleoudtov [34, 35, 36, 37, 38].

To 1972 ot Duffey kot Porthouse [34] die&nyayav meipdpoto emaviyvéng ek Tov Gvm
He QUM Timtovtog vypov tdco oe vrepbeppavisico pafdo amd S.S. 660 Kol og
ocoAva yaikov. Ora ta mepdpato £yvay o TePPAALOV ATHLOGPAIPIKNG TieonS. ATO
TO. GCLUTEPACULATA TOVS eMPBePotdONKaY 01 TPONYOOUEVOL EPELVNTES OGOV QPOPE TNV
e€dpnon g ToyLTNTOG amd TNV apyKn Beppokpacio Tov TOYYOUATOS, TO PLOUO
pong padag tov vepoL Kat TV mieon. Alwrictooav ot  avénon g pong palag tov
vepoL ovoyetiletal og gvbeio avoloyio e 1o cuvtedeot petopopds Oepuodtrag (h)
amo v emedveln g vrepBeppovisicas pafoov 610 YLKTIKO, PE OTOTEAECHO VO
aLEAVETOL VAo KoL 0 pLOUOG emavayvENg. Akoun, édwcav kot po eEynon mov
aQopd TV ££APTNON NG TOYVLTNTAS EMOVAWYVENG amd TNV TiEST. OUPOVO LE QVTTV,
po avénon g mieong, n omoio £ivol QUEGH GLVOEOEUEVN LUE TNV UETATOTIOT TPOS TO
néve g Bepprokpaciog Ppacuov, £xel ooV OMOTEAEGHO TNV TOVTOYPOVN LEIMOT TOV
OYKOV TOL OTHOV GTNV TEPLOYT] TOV VYPOV UETOTOL AP0 KoL TN UEIMON TNG O1TOPUYNS

NG PONG TOL YUKTIKOV €mi TG VIEPHEPUNG EMPAVELDG.

To 1973 o1 Duffey et al. [39] die&nfyoayav melpduoto exavayvéng ek TV KAT® 6TV
010 eykatdotaom pe v wpoovapepbeica. Zvumépavay 0Tt 01 UOIKOL unyaviouol
mov Aapupdvovv yopa t6c0 ota mepdpoato T.R. 6co ko ota mepdpata B.F. elvon
ToPOUOOL Kot 1 TaydTNTa Enovayvéng Ba pumopovoe va vroAoylotel amd pio pHovo

oyéon.
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Ta ém 1973 xor 1975 ov Piggott xou Porthouse [35, 36] ékavov mepdpata
EMOVAYVENG OTNV 1010 EYKATAGTACT] HE PON WUKTIKOD HEGOV €K TOV VM HE PLAL
VYPOL KOl UE PON WUKTIKOD €K TOV KAT® pe mANUUupopd. Amd to melpdpoto
nopatnpnoav oOtt pol avénon tov Pabuod vdyvéng oavédaver v TOYOTNTO
eEMOVAYVENG, YeYovog mov emiPeformbnke apydtepa Kot omd AAAOLG TEPOUUOTIOTES
[37]. Exriong, mapatipnoav 6Tt eAappd 0&eidmon tng emipdvetlog ¢ pafdov, n onoia
umopel va yiver opatn oo youvos o@Boipod, odnyovcse ce avénomn g oy dTNTog
eMOVAYLENG €w¢ Kol TEVIE @OpEc. Avt M avénorn tov pvhuol  emaviyvENG
amodideTol oty avénon Tov aplfod TV TVPVEOV PPacHod TAVE® oTV VIEPOEpUN
emedvela. Axoun, avépepav OTL 6€ LYNAOVS pLvOpoVg pong Malag Kot VYNAOVG
Babpovg vdyvéng, N taydTTa eTavayLéng gival avaioyn tov ywouévov G-ATgy
EVD o€ YoUnAovg pubuovg pong kot pKpovg Pabpodg vmoyvéng mn TaydINTO
emovayvéng etvan otabepn| (Zynpa 2-6). Téhog, anédmwcav v e£dptnor Tov puOuod
emOvVAYLENG amd TNV mieon ot1o yeyovog Ot pio petofoAn g mieong oomyel og

petafoln tov Pabpov vroYvENS OTav 1 Beppokpacio Tov vepol €160d0V dtatnpn et

otabepn).
io L T L T L T ] ' T T 1 T T I n T I T

: Og A a :

. o= aﬁ"u’.ﬁm ' 4 1
5 L = “ m A7 ]
o IC‘.IEIL.

L om .
S [w i 8’ ® O
o ater subcoolings ®
H a 78%2deg C a
. A& 60%t2 w ﬁl -
g a 40 %5 m .-U
- a 29t4 » Ay o
b o 19%4 v Al
- i@ 14 % 1" a A -
g [ Tw = 700°C : ]
- D =127 cm. & -
v Fa¥
E - .
e |

O 41 I R B T B | 1 ] [ B A ﬂhl
20 100 1000

Flow rate x subcocling [G.(Ts-Tc) g.deq.C/s ].

Yynua 2-6 Lvoyétion nelpapotikdy dedouévov tov Piggott et al. [36]
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To 1977 ot Yu, Farmer ka1 Coney [37] mepapatiotnkay Kot 6Tovg d00 TPOTOVS
EMOVAYVENG, LE PON AETTOV QAL €K TOV OVO KOl PE TANUUVPIGUO, LE GTOYO V.
AaPovv 660 TO dVVATOV TTEPICCOTEPO TEPAUOTIKG omoTeEAESHATA Yo, Vo eEQyouv
oY£GEIC CLOYETIONG G€ OO TO EVPOG TOV TEPAUATIKOV cuvOnKav. [Tapatipnoay Kot
avtol v 1d1a enidpacn Tov pvOUod pong Halag Tov vepol Kot Tov Pabpod VTOYVENG
otV TOYLTNTO EMAVAYLENG OTMG Kol Ol {wPonyovuevol peretntés. Metd omd
oLYKPLON TOV VO TPOTMV ETOVAYLENG TapaTHPNGOV OTL O adldoTatog aplduog Biot,
0 omolog ek@pALEL TO KPUTNPLO GLGYETIONG TNG OY®YNG KOl TNG GLVOYMYNG KOTA TN

petapopd Beppdtnrog kot opileTon mg:

gtva ToA0 pkpdTEPOG 6TV mavayvén ek tov kato (Bigr=1-27) and tnv enaviyvén
ek Tov avo (Bitr=5-120), dtav 10 vepod givar og Beppokpacio kopeopod. Otov Op®G
10 vePO e1oépyetal pe vroyvén amd 70°C émg 90°C, ot apbpoi Biot tmv 600 tpdnmv

emavayvuéng tval cuykpicyot petaéy.

Mia a6 T1g o TPOSEUTEG EPYATIES TAV® OTIS dVO HeBASOVG emavAyLENG eival oty
tov Saxena et al. [38] to 2001. To mo onuavtikd cvpumépacpa wov e&nydn omd ™
OUYKPLON TOV TEWPAUATIKOV dedopévav Ntav 6Tt n tovtnto eravayvéng ue B.F.
Nrav peyardtepn and 1.3 g kar 1.7 popég and v taydtnta pe T.R.. Avo frav ot
mOavéc eEnynoelg mov d0Onkav yio avtv Vv mopatinpnon. H npdt ftav ot xotd
v enavayovén ek TV Aveo 0 aTHOG TOV OMUIOVPYEITOL KOVIE GTO LYPO UETOTO
Aertovpyel Gav ovVTIGTAOT GTNV EXAVAYVET, 0eoL 1| Kivnon Tov elvar avtifetn mpog to
pELUO. TOL VYPOL TOL Kiveitor mPog to kdtw. H dgdtepn e&nynon mov d0Onke
otmpiletonr oV avopoldpopen eravayvén g vrepOepuovisicag empdvelog Kotd
™V emovayvén ek TV dvo Adym g onpovpyiog S1odAmy vepoL TEPUETPIKA TG, To
YEYOVOS avTd OU®G eaivetol vo ennpedlel TV ToyLTNTO ETOVAYLENG 1| omoia glvar
OMUOVTIKA HKPATEPT] TNG TAXVTNTOS TOV TEPAUATOV ETAVAYLENG €K TOV KAT®, OOV
N ENAVEYKOTAGTOCT TOV WYUKTIKOV €Ml TNG EMPOVEiNG yiveTan pe opolOHOpPo TPOTO.
INuoavtikd etvar va avopepBet 0Tt OGOV aPopa To TEPAUOTO ETOVOIYVENG EK TOV VD

tov Saxena et al. [38], éywe 181k KATAGKELT] GTNV KOPLET| TOL TUNUATOSG SOKIUMV
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HE OKOMO TNV OUOIOHOPPN KOTAVOW] WYUKTIKOU GTn pAPoo Kol TNV omopuyn TV
Stwdmv vepol (pvaxia). Tlapodlo avtd, katd v €SEMEN TOV TEWPOUATOV 1

onpovpyia puakiov dev pndpece va amoPevydel.

Y& oavtibeon pe to mopomdve mepdpata, to 1978 ou Duffey-Ackerman [40]
dlevnpynoav  KAmol  EVOQEPOVTO  TEWPAUOTE TAVEO OTNV  EXOVAYVLEN  HLOG
vrepOepuoavisicog pafoov pe YeKaord vepod og Eva EVOLAUECO onpeio g pafdov
Kol E160Y®OYN aépa 1 atpod omd To KAT® HEPOG TOV KAVOALOD JOKIUDV TOV TEPIElYE
™ pEPoo. Lkomdg TOV TEPAUATOV NTOV 1) LEAETT) TOV POIVOUEVOD TNG avTiBETNG pONS
evog e mimtovtog vypov (CCFL: Counter-Current Flow). To @awvouevo CCFL
dNuovpyeitor AOY® NG TOPAY®YNS OTHOV GTO KOTAVTN TNG PONE TOL YULKTIKOD M
omolo. € OPIGUEVEC TEPUTTOGEIS UTOPEL VO OVOGTPEYEL KOL TN QOPE pong TOv
YyokTikob. H aAiniemidopacn tov vypod Kol TOL OTHOV 00NYeEl GTO GYNUATICUO

KOUUATOV 6TV EMQAveELd Tov vYpoV. [41, 42, 43, 44].

H mapovcio kopdtov oe Aentd @i vepov ivar £vo TOAD EVOLOQEPOV KOUUATL TNG
OeproopavAkng avaAvong Kol 1 onUacio TG HEAETNS TOVS KOTA TNV emavayvén
poag veépBepung emeavelag tvor peydin, kabaog ta Bepukd oavopeva pmopei va
nePMAEEOVV OKOUO TEPLGGOTEPO TN UEAETN AOY® Ppacpod Tov Wuktikov. Eyxet
dwmiotwbel OTL 0 GYNUOTIOUOS KVUATOV CE O EMLPAVELL VYPOV PLARL KOTA TNV
EMOVAYVEN €K TOV VO TPOKOAEL OVOLOLOLOPPIO GTNV EMLPAVELX TOV PIALL TTTOVTOG
VYPOL UE amoTtélecua Vo, TPOKOAEl mTdon mieong evad oakdpo pmopel kol vo

AVTIOTPEYEL TN POT} TOV QIApL VYpo [45, 41, 46, 47].

Kotd to mepapatd tovg o1 Duffey-Ackerman mopatipnoav ot gite elonyayov atpuod
elte aépa ot tayvTeg emavayvéng g pafoov NTav id1eg. AKOUN SOTICTOCOV TMOC
HETO TOV GYNUOATIGUO T®V KLUAT®OV GTNV EMUPAVELD TOV WYULKTIKOV, TO VYOG TOVG
OQLEAVETOL LLE TO TEPAGILOL TOV YPOVOL EVD QOiveTol va eE0PTATOL KO OO TNV OPYLKN
Oepuokpacio g vrd emovhyvén emoeoaveiog (Zynuoa 2-7). Télog, po axoun
ONUOVTIKY Tapoatpnon Ntav wwg otav n apykn Oeppokpacio g pafoov nNrTav
peyolvtepn tov 700°C, vanpye To0TOXPOVY LETOKIVIGT TOV LYPOD UETOTOV TOGO
mpog o mhve (avappiynon) 0G0 Kol TPOG TO KAT® (TTMOOY), EVAO YO OPYLIKES
Oepurokpaocieg peyortepes tov 900°C kon mapoyés paloc WokTikoh HIKpOTEPES TOV

0.09 kg'm™s™ 10 §V0 VYPE péTmma HTaY GTAGLA KoL TPOC TIC §V0 KATELOVVOELC.
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Zyuo 2-7 Ektyunoetg avantuéng Tov KOUAToV GOUGOVO LE TO TEPAUOTO TMV
Duffey-Ackerman [40]. Ztov d&ova TV TETOYHEVOVY SIVETOL TO VYOG TOV KUUATOV
EVAD GTOV AEOVOL TOV TETUNUEVAOV 0 YPOVOG TOV TEPAGE LETE TO GYNUATICUO TOVG.
1oV mivoka Tov Stoypappatog 1 otAn (jg) divet Tig S1dpopes TayvTNTES AEPA/ATIOD
eVO 1M 0e0TEPN GTNAN TIG apykég Beprokpacies g vepBepuavieicag pafoov.

Amo Vv avdivon mov mponyndnke pumopovue vo cvopmepdvovpe OTL M TOYOTNTO
EMOVAYVENG cuVOEeTol Pe TN Bepuokpacios TOL TOYYMOUOTOG TOL TEPPANUATOS, TO
VAMKO TOL TEPPANUATOS, TO PLOUO porig nalag Tov vepol, tnv mieom, to Padbuod
vroyvéng. Akoun, n Beppokpacio emavdyving eoaivetor va punv givar otabepn aAld
va givor cuvlptnon Sedpmv TOPAPETPOV OTTOS ToL pLOUOD pong paloc Tov
YUKTIKOV, TG apykng Oepuoxpacioc g vrepbepuavieicog empoveiog Kot TOL
Babuov vmoyvéng. AVTEC Ol TOPATNPNGCELS EKPPACTNKOV KoL HE TN HOPON
GLGYETICEMV KO NUIEUTEPIKOV HOVTEA®V, HEPIKA amd ta omoia Oa avaivBodv ot

GLVEXELL.
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[Tivakag 2-1 [Mepapatikés epyacieg Ny ETOVAYLEN EK TOV AVE®

Epeovntéc | 'Etoc | Ieprypoagn mepopatikig Iigon Apywn Ogppokpacio PoOpog porig . YopmepacpoTo
EYKOTAOTOONG (bar) Toryopatog (°C) vepoo (107 kg's™)
Shires et al. AT papdog S.S. i i 1Tw=> |u
[4] 1964 Aéoum 7 papdey S.S. 1 90-500 1.8-18.1 G => 1u
TTw=> |u
Bennettetal. | jqeq Amhbde soMjvac S.S. 6.89-68.9 240-470 3.9-21 AP => tu
[8]
u f(G)
Yamanouchi . . ) i 1Tw=> |u
[6] 1968 Aéopun 36 papdwv S.S. 1 200-650 0.2-21 1G = tu
Yoshioka et . i i 1Tw=> lu
al. [9] 1970 Amn pafdog S.S. 1 300-500 8.3-64.2 1G => tu
Duncan et al. Aéopn 49 papowv S.S. kat i i i Uz~ Uss
[15] 1971 Zircalloy 1-6 360-1020 0.016-0.11 P => 10
1Tw=> |u
1P =>1u
Elliott et al AmAOc corvog S.S. u f(G)
© 1971 Am\og coAnvag Zircalloy | 3.43-52.8 300-950 7.5-30 Uz =~ 2Usgs
[11] ; . ~
Anhog cwiqvag Inconel Uz = 2Uinc
1Babuoc o&eidmwong =>
Tu
Xivng . i ) 1Tw=> lu
[12] 1994 Amn pafdog S.S. 1-7 200-550 16.7 P => tu
TTw=>lu
Sah[‘ig]t al- 1 2010 AmOC coMvac S.S. 1 200-500 5.8-31 1G => tu

T G'ATsub => TU




[Tivaxog 2-2 [epapatikéc epyacieg oy enavayvén €K ToV KOTO

Epgovntéc ‘Etog | Ileprypoagr] mepopatikig Iigon Apywn Ogppokpacio PvOpog 3poﬁg vEPOU YopmnepacpaTo.
EYKATACTOONS (bar) toryoparog (°C) (10° kg's™)
Cadek et al. 1971 Aéopn 49 xar 100 papdmv 1-3.88 430-1210 5 4-29 1P => fu
[22] S.S.
R'e(;'ze;]"t 2l 11972 | Aéoun 340 pasev Inconel | 1-6 650 3.4-17 1P => fu
Campé[lgll']e etal-| 1972 | A¢opn 21 corivey Inconel 854-1275 0.91-1.37
A”driggi etal- | 1972 AmM péBSog S.S. 1 400-900 9.8-102 TATap => 1Tspu=> Tu
1P =>1Tsput=> Tu
Thompsonetal- | 1475 | Atopn 18 papdov S.S. 1-25 150-650 4.2-25 AT => 1Tq=> u
[27] Sori=F(Tu,P
crit ( W )
White et al. . .
I[28] 1976 ATE)\J] pOLBSOg SS g(l)g 1000 15'25 uUnsteady_ﬂOW: uconstant_ﬂow
Na'tfzhgft A 11977 | Adoun 49 padov S.S. éwc 410-620 19-60 Tq = f(Power level)
. , , Uz > Uss
Dhgg; al- | 1gg1 | Afomn 4%‘;53;” S:S. xau 1 foc 1127 0.7-22 1G => fu
y Tq=1(T¢,Tw,G)
De Salve et al. . . ) i TTw=> |u
33] 1987 Amhog coivag S.S. 1 600-800 10-20 Ty = (ATa,G)
Tuzla et al. . . ) TATsup => Tu
[31] 1991 Aéopn 9 paBowv S.S. 1 500-750 1G = fu
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[Tivaxag 2-3 [epapatikés epyacieg oy enavayvén €K TOV KATM KoL EK TOV KOTO

Epeovntég | 'Etog Heipapa Heprypaen Micon | Apywkn Ogppoxkpacio | PvOpoc porg YopmepacpaTo.
TELPOUUATIKNG (bar) Toyyopatog (°C) vepov (9/s)
EYKATAGTOONG
. . , 1G=>th=>|u
1972 | Erovéyvenex | Am paooe S.5.1 1 100-777 0.3-3.8 1Tw=> |u
Duffey et al. TOV VO amAOC COANVAG YOUAKOV G =>|T
[34, 39] , — , —
1973 Enowa\m?én €K An?rm paB§og S.S._n 1 300-800 0.1-30 1G => T_h > 1u
TOV KAT® amhog coinvag silica 1Tw=> |u
Enavéyvén ex . TATSUb :>, fu
Piggott et al. 1973 TV Gve AT papdog Inconel 1 400-700 0.5-28.7 TBaOpoZg:%lsllSmGng
[35, 36] :
Enavéyvén ex . ) } —
1975 TV Ko Amn pafdog Inconel 1 400-700 0.6-60 TATsup => Tu
Emavayoén ex . i i i 1G=>1u
Yuetal. 1977 TV Gved Amn papoog S.S. 1-14.8 200-650 2-50 AT => Tu
[37] Emavéayoén ex . i i 1G =>1u
1975 OV Ko AT papdog S.S. 1 300-800 1-200 AT g => Tu
Emavayoén ex . , _ ) 1G=>1u
Saxena et al. 2001 0V Gve AmAOG colvag S.S. 1 200-500 16.7-116.9 M= lu
[38] 2001 | EROVOWVENEK | 4 a6 Gudfvag S.S. 1 200-500 16.7-116.9 1G=>1u
TOV KATO 1Tw=> |u

omov U 1 taydtnta emavayvéng, Ty n Beppokpacio emavayvéng, h o cuvieheotg cuvaywyng, Tw n apykh Beppokpocio Tov TOYOUATOG TG
papoov, G 1 mapoyn nalag tov youktikov, P 1 wieon tov mepdpatog, ATy 0 Babudg vroyvéng, T. n Bepprokpacio 16060V TOL YUKTIKOV, d¢rit TO
T oG ToL TEPIPANpOTOG TG paPdov kot Tspu M Oeprokpacio sputtering.
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2.3 MovTtéda vtoAoytopov pvOpov emavaduing
2.3.1 AvoluTiKG povtéha emavayvgemg

Ot pnyavicpoi mov AapPdavovv yodpo Kotd TNV emavayvén eivor 1 peTOQopd
Oepuomrag pe aymyn katd tov d&ova g papoov amd 1o oTEYVO TNG TUUN GTO
ETOVOYVYOEY, 1 LETOPOPA BEpUOTNTAG LE CLUVAY®YT OTY GTEVI] TOAD LUKPN TEPLOYN
TOV VYPOV HETOMOL Kol PE OKTIVOBOAMA omd TO OTEYVO TUNUO TNG EMPOVEING GTO
neptPdAlov. o v kaAdTEPN dlepunveio TOV ENYOVICUOV OVTOV TPOTAdNKoV
OpKETE OVOAVLTIKG pHOVTEAD €ite povodldotata &€ite J1o01oTATO OVAAOYO LE TO

UNYOVIoUO HETAPOPAS BeprdTnTOG TOL ETIKPOTEL 0TV KAOE TEPimT®ON EMavAYLENG.

"Eyovtag cav ekkivnon to vopo tov Fourier, 6e cOGTNHO KOAVOPIKOV GUVTETAYUEVMV
YL £VaV GTOXEUDOT OYKO TNG EMPAVELNS TOV TEPPANUOTOS, 1 XPOVIKA EEAPTAOUEVN

eiomon datvrdveton o¢ eENg (Zyéon 2-2):

_—_—( =) — —— — 2-2

6mov T n perafint) g Oepuokpaciog (K), X n agovikny cvvtetaypévn (M), r q
KOAVOPIKY ouvietaypévny (M), p N mokvoTnta pevotod tov yoktikov (kg/md), ¢ 1
e1d1kn BeppoTnTa Tov TEPPAIATOC TG paPdov (J/kgK), g o puOude mapayeyNg
Beppotnroc avé povada dykov (W/m®) kot k o cuvieheotic Beppikic ayoypdTTog

T0V mePPAnpaTog g pafodov (W/m-K).

Oewpdvtog OR®G OTL 1 ToVTNTA ETAVAYVENS elvan oTadept], KATL TOL TOpaTP|ONKE
amd moAloVg mepopatiotéc [4, 8, 38], ot petofAntéc X kot t pmopoldv va
GLGYETIGTOVV UE TN YPOUUIKT oxéon X=X-Ul £Tol OOTE Vo TPOKVYEL 1] TOPUKAT®
oyxéon 2-3, N omoia KatéAnge va givat Kot 1 apyikn ox€on KaOe avaAvTikod HovTEAOL

NG TOYOTNTOG ETAVAYHEEMG:

—_ (=) - —— — 2-3

2y mepintmon mov 1 emovOYLEN EAEYYETOL HUOVO OO TNV OY®YN TO TOPUTOVE
O160140T0TO0 HOVTELO UmOopel v KaTaANnEel 68 HovoOldoTato amaAeipovTag Tov Opo

oL aPopa TV aktiva TG vrépBepung empaveiog. Avtd umopel va cvopfel otnv

37



TEPIMTMOOTN TOV Ol UNYOVIGHOL HETAPOPAS BEPUOTNTOC e GUVAYWYN Kol aKTvOBoAio
elvar apeAntéol. O pnyoviopdg petapopdc Beppotnrog pe cvvaywyn Bewpeiton
OUEANTEOS OTNV TEPIMTMOOT TOL 1 TLKVOTNTO OEpUIKNG poNG &ivar TOAD HIKPT, O
Thompson [32] éec¢ 0 6pro Tov 64 J/s'm? evd cdppova pe tovg Karyampudi et al.
[48] n netagopd OeppotnTog pe aktivoforio dev AapuBavetol VT’ OYIV 6€ TEPALOTO
EMOVAYVENC OTTOV M apyIkn Beprokpacio TOV TotY®OUATOG TNG BepuUng EmPAVELNG ivat

pkpotepn twv 600°C.

To Zynua 2-8 amewovilel daypoppatikd T0 cOGTNUO TOV GUVIETAYUEVOV OV
YPNOWOTOEITOL OTNV aviAvon NG emavoyLEEmS, oV TEPIMTOOoN S16d1doTaTNG

petddoong Beppotnrag (aywyn Kot Guvaymyn).

Te Te
/ Rod
e R o ~-cladding or
. tube wall
|/qm,
>
" /b Fluig,
$ 1 T=Ts
R - _——— q
T
.
X Quench
front,
T=To
v
Tw
Notation

—p» Distance.
—3  Velocity.
—{> Heat filux

Zynua 2-8 TOHoTN e CUVIETOYUEVOV TIOL YpNotuonodnke oty avdivon [36]
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MovoolaeTaTo AVIAVTIKA HOVTELD ETAVAWVENC

Eivor moAroil o1 epevvntég ot omoiol avéALGaY Kot TPATEWVOY LOVOOLAGTOTO LOVTEAQ
OV OPOPOVV GTOV VITOAOYIoUO TNG TayvTNTOG emavayvEeng [6, 14, 15, 16, 49, 50, 51,
52]. T Adyovg omAOVGTELONG NG TEPOUATIKNG Ol0dIKAGIOG, TO TEPIOGOTEPQ
nepdpate Tdve oTo omoio oTnpixdnkay To TPOTEWVOUEVE LOVOSIACTUTH OVOAVTIKA
novtélo, emavayvéng, devepyndnkav oe steady-state (otabepéc) apyikéc ocvuvOnkec.
E&aipeon amotehobv 1o mpotevopeva povtéha tov Duncan kot Leonard to omoia
ompixdnkav maveo oto FLECHT mepdpata mov mpaypoatomomOnkayv kit omod

transient (petapartikéc) cuvOnkeg 1oybog TV vrepbepuavieicov papowv [14, 15, 16].

To 1965 éywve po and T TPOTEG MPOOTADEIES TPOGIOPIGHOL TNG TOXVTNTAG
EMAVAYLENC HE avVOAVTIKO povTéAM amd Tovg Semeria kot Martinet [49] ot omoiot
TPOGIOPIGOV TNV AVTIGTPOPN TadTNTA EMOVAYLENG cOppwva pe v eicwon 2-4

TOV TPOEKLYE ATOOALOKANP®GN TNG oYEong 2-3:

omov U™ 1 avtiotpoen TodTTa EMAVAYLENC (S/M), € To T Tov TEPPATLaToC (M),
h o cvvteleotng petddoong BepproTnTag 0md To TEPIPANLO OTO PEVGTO (W/mz-K), pM
TUKVOTNTO, PEVGTOV TOV YVLKTIKOV (kg/ma), C M €N BeppoTra Tov TEPPANUATOS
mg papoov (J/kgK), Kk o cvvieleotic Oeprukng aywyndtntag tov meptBANUATog g
papoov (W/m-'K), Tw n apywn Oepuoxpacio g papoov (K), Ts n Beppoxpacio

KOPEGHOV TOV YukTikoD pécov (K) xar Tq n Oeppokpacio eraviyoéng (K).

To onuovtikdtepo POVOSIAGTATO HOVTELD KOOMDG Kol TO ATAOVGTEPO GTN YPNOT TOL
amotedel to povtého tov Yamanouchi [6] 1o omoio amotehei pwia Beitimon g

oxéoemg 2-4.

O Yamanouchi mapovcioce éva povtéAo 10 omoio amotelel Exepoon TPV
adidotatov mopaustpov (Bi, Pe, 01). O apiBudc Bi avagépetar oty mapdypogo
§2.2.3 ka1 opileton and ™ oyxéon 2-1. O apBuodg Pe eivor n adidotatn g g

ToYVTNTOG EMAVAYVENG Ko opiletat amd T oyéon:
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- 2-5

evd o apBpdg 01 opilel v adtdotarn T TG Bepuokpacioc COUPOVA LE TN oYEon:

Katé v avdlvorq tov (o Yamanouchi), ypnoipornoince 0600 SlapopeTIKOHS
ovvTeLEoTEG petadoong Oepuomroc: évav otabepd oty vypn mepoyn (hyw=ct) ko

évav undeviko ot oteyvi neployn (hg=0):

N oAMOG:

2-8

Olec o1 avotépo e€lomaoelg 1oyHovy HOvo Yo TOAD pikpovg apBuovg Bi (Bi<<l),

INASN Yo TEPITTMGELS E TOAD HIKPO GLVTEAESTN peTddoomg Oeppotnrag (h).

AlGOWAGTOTO OVUEAVTIKO HOVTELD ETAVAWVENC

Metd to TpOTO HLOVOSAGTATO HOVTEAQ TNG TOXVTNTOS ETOVOYVEEMG OV 1GYVOVY
uovo otnv otevn meproyn Bi<<l, moAloi epevvntég [39, 53, 54, 55, 56] emyeipnoav
va g£dyouv S160146TOTO OVOAVTIKG LOVTEAN TO, OTTOi0L VO, KAADTTOUV OAN TNV TEPLOYN
Tov apliudv Bi kot va pmopovv vo Bpickovv ypnon o€ TPOYUATIKEG GLVONKES

OTAOAELOG YUKTIKOD LEGOV.
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To 1973 o1 Duffey et al. [39] petd and avdivon g oyéong 2-2 mpotewvay 600
OVOAVTIKA LOVTELQ, Eva OV elval KaTAAANAO oty meployn Bi<<l kou éva mov eivon
KatdAAnAo oty meployn Bi>>1. To npdto €€ avtdv povtéro, KATOANYEL TEAMKE Vo
TOIPVEL TN LOPON TNG OYXECEWG 2-4 evd TO OEVTEPO KOTAANYEL GTNV OKOAOVON HopPn

(oyéom 2-9):

omov T* adibotatn 6Oeppokpacioky Opado , omov Tq m Oeppokpacio

emovyvéng (K), Ts n Bepuokpacio kopeopod tov yoktwkod pécov (K) kot Tw n

apykn Bepuokpacio g pafdov (K).

H avéivon g oyéoemg 2-9 ota empépoug peyédn odnyel ot oyéon 2-10:

—_— 2-10

‘Eva amd ta omhobotepa poviéda anotelet n avolutiky oyxéon tov Blair [54] n omoia
Oumg etvan €yxopn povo yia cuvnkeg B.F. ko dev pmopet va ypnoiponombei oto

GUVOAO TOV TEPAUATOV.

Ot Tien ka1 Yao to 1975 [56] OBedpnoav mw¢ to. @ovopeva emavayvéng mov
Aopfavouvy ympa. yuo pkpovs aptBpove Bi (Bi<<l) sivorl mapopola pe to Qovopueva,
enavayvéng mov mopovotdloviol Yo pukpovg apuovg Pe (Pe<<l) evd «dti
avtiotoryo cvuPaivel kot yio peydiovg apiBpovg Bi kot Pe (Bi>>1 kot Pe>>1). Metd
and oavdAvorn, ot UEAETNTEG TOPOLGINGAV €va HOVIEAO OVO JlGTACEDV TPLOV
TOPAUETPOV TO 07010 1oYVEL Yo peydAovg apBuovg Pe (oxéon 2-11) evd yio pkpote
apBpovg Pe 1o povtélo mov mopovusiccay KOTaANYEL GTO LOVOSLIGTOTO LOVTEAO TOV

Yamanouchi (oyéon 2-7).
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v v 211

6mov 0 n adidotatn Beppokpacio exavayvEng —.

21 ovvéyela o1 10101 EpELVNTEG EKavaY L TPOCTADELD VO, TAPOVGIACOVV LI YEVIKT|

oxéon mov va gival £€ykvpn 610 cOvoro Ttv aplBudv Pe. H oyéon mov katéAn&av

etvar n eéne:

2-12

AVOIMTIKA HOVTELD ETOVAWVENC LE TN Y PN G VTOLOYIGTIK®DV TPOYPOLUNATOV

To 1974 o Coney [57] ypnowomoince évo vroloyiotikd wpdypoaupa, o REWET,
wote va vmoAoyicel 1N Oeppokpacio emavayvéng cav cuvaptnon TG TaXOTNTOC
EMOVAYVENC, TOV GUVTEAEGTY] LETOPOPAS BEPUOTNTOG KOl TOV PUCTIKAV 1O10TNTOV TOL
nepAnpatog g papoov. Aempmvtag dVo oplakéc cuvinkes (oTeYV| TEPOY Kot
vypN mepoyn) Kou dapmvtag kébe meployn oe N 10 mAN00g dapopetikd onpeio
(6mov N givar avaroyo tov adidototov apduov Bi), Ehvoe cuyypovog éva cdoThua
2N e&iomoewv. H tehikf mpotewvopevn Adon (oyéon 2-13), n omoia Oswpei otabepd
OLVTEAECTI UETOQOPAS BepuodtnTog oTnVv VYpN TEPLoyn, €lvar €ykvpn oe OAn v

EMPAvVELD YOPIg va yiveTal dSaKPIon HeTalld TV TEPLOYDV TNC.

— _ 2-13

To 1977 o1 mepapatikég cuoyeTicelg mov e&nydnocav amd o mepdpota tov Yu et al.

[37] emaAnbsvoay Tic TpoTEWOUEVEG GLVGYETIOELS TOV Kbdko REWET.

To 1981 ot Sawan kot Temraz [58] éypawyav to vroloyiotikod Tpdypappo SARA yia
va mpoPAéyovv TV ToOTNTO EMOVAWLENG XPNOUOTOIOVTOS OGO TO  OLVATOV
TEPLOCOTEPOVS OPOVG DOTE VAL KATOANEOLY G€ pia o €ykvpn Avon. Xe avtifeon pe
GAAeg epyaocieg Beddpnoav OTL LIAPYOVV TPELS OPOPETIKOL oTadEPOl GLVTEAECTEG
petopopds Bepuodttog oe KGBe pio amd TG TPELS OLOPOPETIKEG TEPLOYES TNG
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emavayvydeicag pafoov (tnv vypn mepoy, TV TEPLOYN PPUCHOV Kol Tr OTEYVN
wePLOyN).

‘Extote &yovv dnpovpyndei moAloi vroloyiotikoi kmdikeg Omwc o RIBFA [33], o
ZETHYF [59] o omoiog Bedpnoe actabdeic apyikés cuvOnkeg kabmdg Kot VITOAOYIGTIKA
npoypaupato akopa kot epmopiov (LMS Imagine.Lab) [60], ta oroia 6o propodoav
VO TPOGOUOIAGOVV GE KAVOTOMTIKO Pobud pio pekétn emavéyovéng kot icwg va
OlEVKOADVOLY TOV VTOAOYIGUO NG TOYLTNTOG EmovayvuEng kabmg Kot GAA®V
TOPOUETPOV OAAG M avarTTLEN Tovg EePevyel amd Ta Oplo. AVTNG TG ABOKTOPIKNG

AwTpipng.

2.3.2 Xvoyeticsig Kot NUEPTEIPIKES EEIOADGELS

2xedov kdbe mEPAUATIOTNS TPOSTAONCE VoL EKPPAGEL TO AMOTEAEGUATE TOV GE pia
oxéon N omoia Ba Nrav Eykvpn o OA To TEWPAUATO LE TAPOUOLEG OPYIKEG GLVONKEC.
"Etot Aowdv avamtoyOnkav moALEG GUOYETIOELS Kot NIMEUTEIPIKES EEICMGELS Ol OTO1ES
voAoYifovv 10 pLOUS emaVAYLENG Kot avapEPOVTOL TOGO GE TELPALAT EXAVAYLENG

€K TV Gvm 000 Kot ek Tov kKot [4, 10, 11, 12, 35, 37, 38, 39, 40, 18].

Yoppova pe v mopdypoeo §2.2 amd 10 GUVOAO TV TEPOUATOV Pynke TO
coumépaocpa 0Tt M taxvTe emovayvéng emnpedleton amd T Oepuokpacia Tov
To®poTog Tov mepPAaTog (Ty), T0 VAKOS (p,c,k), To Thyoc Tov TEPPAfuaTos (),
N axtiva TG papoov (R), to pubud pong ualeg tov yoktikod péoov (G), tnv mieon
oto Kavait dokiudv (P) kot to Babud vadyvéng (ATsup) ToL YokTiKod. Anhadn M
TOYVTNTO EXOVAYLENG amoTerel pia oyéom TG LOPONG:

2-14
H mo ocvvmBiopévn pébodoc mov ypnoyomombnke yu v eaywyn cvoyeticemv
nrav N péBodoc g ypopukng mpooappoyns. Ioapaxdto mapabétovior or mo

ONUOVTIKES EEI0ADGELG TTOL avagépovTol ot PifAtoypoeia Kot @aivetal va Exovv v

KOADTEPT) TPOGUPLOYT GTO LEYOADTEPO GUVOAO TMV TEPUUATIKDOV SEGOUEVMV.
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To 1964 o1 Shires et al. [4] petd and mepdpoto vVd aTpocEAPIKN Tieon eEfyoyay T
oxéon 2-15 oOmov mn ToydTMTO €lval ovvaptnon pHoOvo g OBepuoxpacioc Tov

TOLYMUOTOC:

2-15

Ta ém 1970-1971 ou Elliott et al. [10, 11] extiuncav tic akdAoVOES OvVASPOUES
(oyéoelg 2-16 kan 2-17) petd amd mepauoto wov Ekovay oe méoelg 3.43-52.8 bar og

coMvo and S.S., o colva amd Inconel kot 6 coiva oo Zircalloy:

( ) 2-16

( ) 2-17

H oyéon 2-16 oydet yio 1oug cmAnves Kataokevacpuévoug amd Inconel kot S.S. evod n
oyéon 2-17 wyder yo tovg coiyveg amnd Zircalloy. Ov mopomdve e&iodoelg
vroAoyiCovv 10 pLOUO emaviyvENG cav cuvdptTon KLOVO TNG TECTG KOl TNG OPYIKNG
Oepuokpociog TOL TOYMOWUATOG KOl Gpo 1 YEVIKELON TOLG YapaKTNPIleTOl ©C

e eyOUEVN.

To 1973 o1 Duffey kot Porthouse [39] Eexivdvtog and €va avaAivTikd d160146TATO
pHovtéAo mov avémtvéav ol 1ot kol To omoio avoaeépape oto €ddero §2.3.1
napovsiocay TG dv0 axdlovdeg nuepnelpkég eEilomoelg (2-18 ko 2-19) o1 omoieg

1GYVOVV Y10l TEPALATO VIO ATHOCPALPIKEG CLVOTKEG:

- — 2-18

2-19

omov G 1 pony palag Tov yoktkod (kg-st).
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H oyéon 2-18 oybel yuo ) povodidotarn petdadoon Oeppomrag 0mov o EMKPAT®OV
UNoviopog emavayoéng stvor 1 ayoyn aovikd e papoov evod n oxéon 2-19 1oyvet
Yy TN O1601doTaT) HETAG00N TNG OMOL OLTH TPOYUATOTOlEITAL TOGO UE Oy®YN

a&ovikd g papoov 660 Kot pe cuvaywyn and ™ péfdo 6to pevoTo.

Y10 Zynuo 2-9 omewoviletor ypagikd n ovoyétion tov Duffey et al.. And to
Swypappo  @oivetor OTL Yoo TV €movayven vrepfepravOeElcm®Y  ETPOVEIDV 1
tayvTTo glvon epimov N 1010 ite 1 emavayvén Yivel ek TOV v EiTe €K TOV KATM CE

PAPOoLE 1810V VAKOD KOl O€ TEWPAUATO KATM oo TIC 101e¢ apykég cuvOnKeC.
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Yynua 2-9 Lvoyétion nepapotikav dedouévov tov Duffey et al. [39]

To 1973 o1 Piggott-Porthouse [35, 36] napovciacav v e€icwon 2-20 1 onoia woydel

Kot yo. TG 000 pebddovg emavayvéng:

2-20

omov T Beppoxpacia 16660V Tov Youktikov (K).
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H tehevtaia e&iowon avadpoung oyvet yio Tig akolovbeg cvvOnkeg: micon 1-53 bar,
apywn Bepuoxpacio toyyouatog 300-700°C, Babudc vroyvéng 4-146°C. Axoun etvan
gyxopn v papdovg, coinveg 1 déceg pAPI®Y S10POPWV VAIKOV.

To 1974 o Thompson [32, 61] énetto and mepdpoto eravayvéng ek TV Gvm pe Quip
TUMTOVTOG LYPOV TPOTEWVE [L0L GLGYETION M oToia O AapPavel v’ dytv KaBdAov To
TéY0Gg TOV TOLYMUATOG, TN OepuKn ayoydTTa, TV axtivo g pafdov kot to puouod
Tapaymyng Bepudtntog kotd tn Odpkela TG SadKaciog e emavayvéng. Akoun
vroompiEe OtL Otov M mieon eivol peyOAVTEPN TNG OTUOCEULIPIKNG Kol LIAPYEL
nePPAALOV atHov, N ToyVTNTA ETOVAYLENG dev e€apTdtatl and To PpLOUSO HETAPOPAC
pélog yoktikov avd oyko. Emiong, Bewpnoe 011 0 Pabuog vmwoyvéng (ATsy,) oev
emnpedlel onpavtikd 1o pvoud emavayvéng. ‘Etol Aomdv, yio mécelg peyardtepeg
tov 3.43 bar ot omoieg elval TLTIKES YO TEPMTMOELS EMAVAYLENG €K TOV AV,

TpoOTEVE TN oYéom 2-21:

2-21

VO Yoo mEcES pkpotepeg tv 3.43 bar ot omoleg elval TLTIKEG Y10 TEPIMTMOGELS

EMOVAWYLENG €K TOV KATO, TPOTEWVE TN Oo)Yéomn 2-22:

2-22

omov g 0 pudude mapaymyfic OeppoTnTag avé povada empaveiog (W/ m?).

To 1977 ou Yu et al. [37] petd omd pio GePd SIKOV TOVG TEPOUATOV Kot
YPNOLOTOIOVTAG dedoUéVa KOl GAA®V TEWPAUATIOCTOV KOTEANEAV OTIG TOPUKAT®

ovoyetioelg (2-23, 2-24, 2-25).

2-23

omov Gp n por) paog Tov Yyuktikov avé povéado mepétpov (kg/m-s).
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H oyéon 2-23 woyvet yia taydtnteg petad 0.005-1.5 m-s? ko v Tig 600 pebddovg
emavayvéne. Qotdc0 Bempnoav mmg 0ev cLoYETICEL KOAA TO TELPAUATIKE OEOOUEVAL
YL ETOVAYLEN €K TOV KAT® pe VTOWYLKTO veEPD. AVTO {o0WG Vo 0PEIAETOL GTO YEYOVOC
OTL 6g QVTOV TOV TPOTO EMAVAWYVENG 1 TayDTNTA enNnpedleTol Kupimg amd Tov puoud
petopopds palog ko tov Pabud vroyvéng. ‘Etol mpotdOnkav ot 600 akdAovbeg
O0Y£0€LG Ol OTOIEC 1oYVLOVY UOVO Y10 OTHOCOOULPIKO TEPALOTO ETOAVAYVENS €K TV

KAT® pe VTOYVKTO vEPO:

2-24
1M omoia 1yYvEL Yo 40 (m-s™*(°C)?)

2-25
N omoio 1oyveL Yo 40 (m-s™(°C)?). H petopinty ATq wwobdtan pe to

BaOpo vroyvENg 610 VYPO pETOTO Kat etval ico pe Tq-Ts,

To 2001 otv epyacia twv Hinis ka1 Simopoulos [18, 19] mpotdbnke 1 cvoyétion
2-26, n omoio 1oyVEL HOVO GE MIECELS PLEYUADTEPEG TNG OTUOGPALPIKNG Kol dglyveL TV
emidpaon ™G apykng Oeppokpaciog Tov TOoYMOUATOS Kot TG mieons oto puiuod

EMOVAWYLENG:

( ) 2-26

Yvykpivovtog ™ oyéon 2-26 pe ™ oxéon 2-16 tov Elliot et al. e&dyston to
CLUTEPACHO. OTL Kol Ol 000 GYECELS divouv TTapOUOlD OMOTEAECUOTO Y10, TEPLOYEG
YoumAng mieong epocov ta mewpduata tov Hinis kor Simopoulos [18, 19]
de&nydnoav o méoeig 2-7 bar evod to mewpauato tov Elliott et al. dieénybnoav oty

neployn mécewv 3.5-52.8 bar.
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To 2001 ot Saxena et al. [38] émeita and mepdpoto Kor pe TG dVO UeBOdOVE
EMOVAYVENS TPOTEWVAY OVO GUGYETIGEIS Ol OTOIEG 1GYVOLV Yo OPYIKES BEpLOKPOGIES

Toryopotog peta&d v 200°C kot S00°C (yopig va cvpreptrappdvovtor ot 200°C).

2-27

2-28

H oyéon 2-27 1oyvet yia emavayvén €K Tov avo evd 1 oxéon 2-28 yio emavayovén ek
TV KAto. Xto XZynuo 2-10 amewovileton ypoaeikd M cLGYETION TNG TOYLTNTOGC
EMOVAYLENG 1e To pLOUS pong palag ota mepduato eraviyvéng towv Saxena et al.
[38] ka1 yio tovg dvo TpdmOVLE EmMOVAYLENG. ATO TO CYNUO cvumEPAivETAL OTL O
puOuog emavayvéng enmpedleton o peyodvtepo PBabud amd to pvbud pong palaog
KOTé TV €mavayvén ek Tov Kato (oyéon 2-28) mopd KoTd TNV eTOvVOYLEN €K TV
avo (oxéon 2-27). Axoun, ot Saxena et al. mpoondOncav va eroinbedoovv TIC
nepopatikég ovoyetioslg tov Duffey-Porthouse [39] ko Piggott-Porthouse [36] pe
To. OIKA TOVG Tmelpapatikd ocdopéva. To amotédeopa Ntav mog poévo kdtw omd
npovmoBécelc (Tw>300°C kar G>1lpm) n cvoyétion twv Duffey-Porthouse kpifnke

KOVOTIOUTIKT] Y100 TOL TELPALOTA ETAVAYVLENG EK TOV AVE®.
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Iyua 2-10 Zvoyétion mepapatikdy dedopévev Tav Saxena et al. [38]

[Ipoéopaza, o 2005, Tpotdbnke amd tovg Casamirra et al. [62] po akoun cuoyétion
N omoia OU®G oYVEL Y10 EXAVAYVEN €K TOV AVD HOVO KOl €GAYEL OVO OOLICTUTES

TOPAUETPOVG O1 0TolEg TPEMEL Vo aAAALoVV avdAoya LE TO TTEIpapLOL Kol TIC GUVONKEC.

2-29

6mov ot mapdapetpot o ko b iovvtan pe: Kol —_—

2.4 MovTtéda VTIOAOYLoGHOV Beppokpaciag emavaPuing

Méypt ofjuepa ot Piprloypagio dev €xel amocaPnvioTel TANP®S 0 OPIGUOS TNG
Oepuoxpaciog emovayving Kot o SoyopPwopds g omd T Oeppokpacio

EMOVEYKOTAGTAONG VYPoL petdmov 1 1 OBeppoxpacio Leidenfrost. o avtdv tov
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AOYO oV TOPAYPOPO LT YIVETOL Ul TOAD HIKPY TEPLYPAPT TOV POIVOUEVMV TOV
AopBavouv yopo Kotd T SIPKEWL TNG EMOVAYLENG MOOTE Vo YIVEL KOTOVONTH M

dpopd TV mpoovapepBelcv Beppokpactdv peta&h Tovg.

Kotd v eioaymyn yoktikod vypod oe vrepBeppavicico emipdvela, n eTQAvELD eV
YOYETOL EPYOUEVT] GE GUECT] ETOPN LE TO VYPO CAAL TopOTNPEITOL TO PAIVOUEVO TNG
yoéne g pe atud (film boiling). Oco dapkel avtd 10 Pavouevo pio pepPfpavn
atpov dtoywpiletl ) Oepun| empavelo amd 10 VYPO Kot 1 LeTAdoom BepproTnrag yiveton
OTOKAEIOTIKA e aKTIVOPOAIN Kot cuUVOY®YN HEC® NG HEUPPAVNG TOV aTHOD TPOG TO
YUKTIKO. Me v mtdon g Beppoxpaciog apyilovv va oynuotifovror oe SLoKPITES
€oTieg ™G VIEPOEPUNG EMPAVEING PLOOAIdES aTtnod kot £€Tol Eekvhel 1 petdfoon
otov gotwokd PBpacud (nucleate boiling). H meployn petdfoong amd mv yoén pe
aTHd oTov €0TokO Ppacpd amotelel TNV TEPLOYN TOL UETOPATIKOV PPacuov
(transition boiling). H xotdotoon katd v évopén tov petofatikod Ppacpol
(departure from nucleate boiling) ovopdCetan boiling crisis 1) burnout point, kotd tnv
omoia mapatnpeiton n péytotn Bepikr| pon N aAlumg Kpion Bepuikn pon. I'evikd, g
Kpiown Oepuikn pon opiletarl to dve Oplo TG pong BeproTTag TOL VITAPYEL CTNV
nepintoon mov o vrepBeppavieica emPAveln ETOVOYVYETOL KOL TO HEYOADTEPO
LéPOG NG BepUOTNTOC TOV HETAPEPETAL GTO LYPO amoppopdrtal and v AavBdvovca
Oepuomra e&dtoneg. e avtiv v mEPInTon umopel va petapepBel peydan
nocodtTa OeppotnTog pe oD pkpn dapopd Bepuokpooiog [63]. H dwadikacio g
emavayvéng Aapfdver yopa otav 1 Beprokpacio g emedvelag pewwdel 1000 OoTE
vo vapEel aAhayn TOL UNYaVICHOU petagopds Beppdtrag amd film boiling ce
transition 1 nucleate boiling. Oleg o1 Teproyég Ppacov mov avaeEépoviar @aivovtat

oto Zynua 2-11.

Inuovtikd etvan emiong va avaeepBel 611 n Beppokpacio petdfocng amd v mepLoym
YOENG He atud oty meployn petafatikov Bpacpov kaleiton onpeio Enphvoews Tvrs
(MFB: Minimum Film Boiling) ev n Ogppokpacio petafoong omd v mepoyxn
petafoticod Ppoacpod omnv mepoyn eotiakod Ppoacpold KoAeitor Ogpuoxpacio

kpioung Oeppuxng pong Tenr (CHF: Critical Heat Flux) [64].
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Zyua 2-11 Eravayoén ek tov Kato pe vynid pubud pong palog kot SiérypopLpio
Oepuuic porg [64]

Koatd ™ owdwkacioo ™ emavdyvéng mpaypatomoteiton m toyeio Wyoén pog
vrepBepuavicicag empdvelag amd éva yoktikd vypo. H yién ovpPaiver Adym
EVIGYVUEVOL pLOLOD HETAPOPAS BEpUOTNTOS OO TNV EMPAVELL GTO YUKTIKO VYPO Kot
vroAoyiletor amd TO YOVL NG KOUTOANG 1TNG OeploKpaclokng 1oTopilog NG
EMPAveELOG, oNAadN oto onueio glayiotov g TpdT™G Topoydyov (Zynua 2-12). H

Oepuoxpacio 6mov AapPdver ydpo avtd TO EOVOpEVO ovoudletal Oeppokpacio
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emavayvéne [7] 1 eovouevn Beppokpacio eraveykatdotaong vypod uetdmov [65].
AXLot epeuvnTég [64, 66] Bswpovv O6TL 1 1610 avt Bepuokpocio givar Kot To onueio

Leidenfrost.
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-0
|
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Zymua 2-12 Ogppokpactoky 16Topio ETOVAYLYOUEVNS PABOOV Kol TPOTN TAPAY®YOG
and meipopo g mapovong A.A. (meipapa No 12051341.14)

Extoc amd tov mpocdiopiopd g Oeppokpaciog eravayvéng, ot Gunnerson et al. [7]
npotewvay Ko ) Oeppokpocio emovadypavong (rewetting) n onoia eivar Kord oAy
xopunAotepn g Beppoxpaciog emavayvéng kot opiletar og n Beppokpacio otV
omoio. oynuotiletar pwoL TPUWTAN EMPAVEID GTEPEOV-VYPOV-aepiov. QoT1dG0, ©
VTOAOYIGUOG TNG €V AOY® Beprokpaciog eival apKeTd SVOKOAOG Kol Yol TO AOYO QLTO
TO HEYOADTEPO UEPOG TMV EPEVVITOV TPOGIOPLSE LOVO TN Beprokpacio eravayvéng,

EMTPEMOVTOG £TGL KOl TN GVYKPLOT T®V HETAED TOVG OMOTEAEGLATOV.
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>10 ovvoro G Pproypagiog vmdpyovv epguvntéc mov vmootnpilovv OTL 1
Oepuoxpacio emavayvéng maipver pio otabepr Ty kobOC Kor GAAOL OV
vroompiouv  OtL  gfoptdror  amd  SIAPOPOVS  TEPAUOTIKOVS — TOPAYOVTEG.
XopaktnploTikd mopaderypo OUmG TG HEYOANS AGVUP®VING HETAED TOV EPELVITMOV
givo 0TL akOua Kot avtoi Tov vrootnpilovy v Vmapén wag otabepnc Twng [6, 13,
22, 37, 62, 67, 68, 69] éyovv peyddreg amoxhioelg (Ilivaxog 2-4). I'o Tapdaderyua, o
Yamanouchi [6] Oedpnoe o611 1 Ogppokpacio emavayvéng eivor otabepr Kot ion pe
150°C evéd petd omd mepdupoto ot Bergles et al. [67] mopatipnooav mwog 1
Oepuoxpacio emaviyvéng maipvel po otabepn T kovtd otovg 400°C. Emmiéov,
vy Adyovg ovykplong, otov Ilivaka 2-4 mapovcidleton ko 1 otabepn Oepprokpacio
emavadypavone m omoio. mpotdbnke omd tovg Olek et al. [69], o6mov «an

TPocdlopicTnKe COHUEMVA e TNV TPOTEWVOLEVT Bempia twv Gunnerson et al. [7].

Ev avtiféoel pe toug mponyodpevoug epeuvntég, vdpyovy Kot GAAOL EPEVVNTEG OTOV
petd v e&étoon mepapoTk®OV dedopévov mapatnpnoav Ott 1 Bepuoxpacio
emovyvéng dev maipver otabepn Ty oAAd kopaivetor petalld kamowwv opimv
avéAoyo pe T cuvOnKec Tov ekdotote mepapatoc. o mapddetypa ot Naitoh et al.
[29] mapatipnoav 6tt 1 Bepuokpacio emaviyvéng kvuaivetor petafd TOV TIUOV
420°C ko 550°C og OAeg TIC oepéc Tepapdtmv Tove. [Tapopota, ot Kim et al. [66] og
TEWPAPATO EXAVAYLENG TOV SLEVIPYNOAV Y10, TN LEAETN TNG EMIOPOOTG TV 1O10THTMV
g vrepBeppavieicag emeavelng Thvo 6t ddkacior ETOVAYVENG HETPNOOV TULES

¢ Oepuoxpaciog emavayovéng peyarvtepeg twv 453°C.

Enedn n Beopntik) mpocéyyion kot o tpdmog vmoAoywopoh g Oeppokpaciog
emoviyvéng eival 1010¢ Yo OAOVG TOVS TPOAVAPEPOEVTES EPELVNTES, Ol OMOKAIGELG
petald tov TiHdv g Beppokpaciog eravayvéng eaivetot va opsiloviot kabapd Kot
UOVO GTNV EMOPACT] TOV APYIKOV GLVONKOV TOV EKAGTOTE TEPAUATOV ETOVAYVENG
OAAG Kol 6TO0 VAIKO amd to omoio elval katackevacpéveg ot vrepBepuavieiceg

papoot.
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[Tivaxag 2-4 Epyaocieg pe otabepn Oeppokpacio exavéyvéng

Epgovntég "Etog "Epgvva Oeppokpacio eravayoéng (°C)
Yamanouchi [6] | 1968 Avolvtikn 150
Bergles et al. [67] | 1970 [epapotikn 400
Cadek etal. [22] | 1971 [epapotikn 420
Naitoh et al. [29] | 1977 [Mepapotikn 420-550
[ewpapatikn ko
Yuetal. [37] 1977 150
OVOAVTIKTY
Yao et al. [68] 1978 [Mepapotikn 250
Olek et al. [69] 1988 AvoAvTtikn 260
Casamirra et al.
2005 [Mewpapotikn 265
[62]
[Tewpapatikn Kot
Sahu et al. [13] 2010 200
OVOAVTIKN
Kim et al. [66] 2012 [Mepapatikng >453

Qo1660, VIAPYEL Kol €va GOVOAO EPELVNTAOV OTOV EMYEIPNOE VO, VTOAOYIGEL TN

Oepuoxpacio emavayvéng péocm evog Bewpnrikod povtédov. Ot gpevvntég ool

UTOPOLV VO Y0PLGTOVV € 000 KaTnyopies:

1) og avToHg TOL GTNPTXONKAV GTO PUNYAVIGHO THG VOPOSVVOIKNG KoL

2) 6€ aVTOVG TTOL GTNPTXONKAV GTO UNYOVIGHO TG BEPLOSLVOUIKNIG.

O1 800 mpoavaEepBEVTES UNYOVIGLOT TEPTYPAPOVTAL GTI) GUVEXELNL:
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1) O unyaviopdg e VEPOSVVALIKNS

Ooco oatnpeitan o otabepn pepPpdvn atpod TAVE GTNV ETPAVELN TOL TOLYMUATOS
™G paPoov, veiotatal dSoymPIGUOG TNG OEMPAVELNG VYPOV-ATHOV 0t T pafdo. Av
0l GLVONKEC TOV JATNPOVY AVTH TN HeUPPavn petafAnBovv, TOTE TO GTPOUA ATHOD

Oa Katappevoet kat Oa apyicet | emavayvén.

2) O unyoviopdg e Oeprodvvopkng

‘Eva vypd Oewpeitor 011 dev umopel va voeiotator mlveo omd éva avOTOTO
Oeprokpactakd 0p1o To 0moio e£0PTATAL ATOKAEIGTIKA KO LOVO aTtd TIG 1O10TNTEG TOL
VYPOL awToY. [l AV TdV TOV AOYO deV €lvar EQIKTA M| SLATHPNON TNG EMAPNS TOV VYPOL
oe po Oepun emopdavea 6tav 1 Oeprokpacio g emeavelag avtg Eemepdoel avtd To

L2
opo.

To 1961 o Berenson [70] e&nyaye v tpdn oYéon vroAoylopuov g Oeppokpaciog
emoviyvéng Pacilopevog oty vopoduvvouky Bewpia. XZvvdvace o e&icmon
vdpodvvapIKng aotdbetog pe t Bewpio g eAdyiomg pong Bepudmrag. H tehn

oyéomn mov mpATEWvE givan 1 akdAovOn (oyéomn 2-30):

( ) - _ _

2-30

o6mov ot dgikteg f wor g oavimpocwrehovy 10 VYPO Kol TO 0€PLO avTIGTOWO, T
petafAnT o avtiotoyel oty emipavelakn taon (N/m), g eivar  maykoouio otabepd

enrtéovone (M/s?) kot p to Edmdeg (N-s/mP).

To 1987 o1 De Salve et al. [33] acyonOnkav pe ™ Beppodvvapukn Bewmpio Kot
TPOTEWVOV £VOL VEO LOVTELO VTTOAOYIGLOV NG Beppokpaciog emavayvéng (oyéon 2-31)

AoapBdvovtag v’ oy ™ pon Halag Tov Yuktiko avd povada empaveiog (Ga) Kot

2 TOUPOVOL PE TO OVOTEPD, Y10. TNV TPAYLATOTOMOT THG ETAVAWVENS piag VItepOeppoveicag
PAPOoL TLPNVIKOD KOVGIUOL EIGEPXOVTOL KOl Ol VO pNyovicuol. Apylkd mpémel vo
KOVOTIOLOUVTOL Ol LOPOSVVOLUKESG GUVONKEC DOTE VO EXITPANEL 1| ETAPT] TOL LYPOL UE TNV
EMPAVEIL KOl €V ovvexelo mpémel 1M Oeppokpacio Tng OSEMPAVEING VYPOV-pAfdov va

BpiokeTon Katw amd T0 BepodLVAIKO Op10.
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Vv Tomikn Beppokpacio Tov youktkov (T)) 6mov 1 TelevTaio vroAoyiletan amd Eval

Oepuoxpaciokd 16olHylo otabepnc KoTdoTOoNC.

2-31

6mov Ga 1 POt} HALOC TOL YUKTIKOD avd povado empaveiog (kg/m?:s) ko Ty 1 Tomik

Bepuokpacio Tov Yyoktikov (K).

TéMog, VIAPYOLY KOt EPELVNTEG OTOL TAPOVGIACAY EITE AVOAVTIKG EITE MLUEUTEPIKA

povtéla vtoloyiopov g Beppokpaciog eravayvéng [65, 71, 72].

Ot Kimball et al. [71] to 1983 Bedpnoav mwc N emavayvén Tpoypatonoleital oty
nepoyn petafatikod Bpacpov kot 1 Oeppokpacio emaviyving maipvetl Tipég neta&y
¢ Oeppoxpaciog kpioyng Beppkng pong Tenr Kot Tov onueiov Enpavoewc Tues
Omw¢ gaivetal Kou 6to Zynuo 2-13. Akdun peETd amd avAALGT TOV TEPALOTIKMOV
dedopévav tov Siegel [73] mapathpnoav twg 1 Oeppokpacio exavayvéng eEaptatot
ONUOVTIKA amd TNV ToyOTNTO €GOS0V TOV YUKTIKOV 6TO KOVOAL (Uin) KOTOANYOVTOG

otnv akdrovbn ékepaocn (oyéon 2-32):

- 2-32

omov Tcur M Beppoxpacio kpioyung Oepukng pong (K), Tmrs m Beppoxpacia Tov

onueiov Enpavoeng (K) kot Uin tayxdTnTo £160800 TOL YOKTIKOD 6TO KOVAAL (M/S).
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yua 2-13 Tpotewvopevn cuoyétion g Bepproxpaciog emavayvéng amod v
ToOTNTO €10650V TOV YukTikoV and tovg Kimball et al. [71]

H mpodtn eumeipikn) ovoyétion mapovoidotnke to 1967 and tov Bradfield [72] o
omoiog cvoyétice ) Beppokpacio emoviyving pe 1o Badbud vedoyvéng couemva pe

™ oyéon 2-33:

2-33

Ta mepdpata tov Bradfield mpayuatomombnkav o€ atpocpapikés cuvOnikeg Kot
devepyndnkav oe o vrepBepuavieica opaipa (~870 °C) n omoia eppartildtav ot

AoVTPO vEPOD e OLOPOPETIKES aPYIKESG BEPLLOKPUGTES.

To 1979 ov Kim et al. [65] pe ™ pébodo g Avdivong IMorhaming [poppkng
Yvoyétiong peta&y 470 mepapoatik®v onueiov KatéAnEay oty MNUENTEPIKY| GYEoN
2-34 6mov cvoyetilel ™ Ogppokpocio emavayvéng pe TopapéTpovg Onme gival ot
W010TNTEC TOL VAIKOV TNG EMPAVEWNS, 1 Topoyn HALag tov Yuktikol, o Pabuoc

VIOYLENG, M 1oYOG TG LITEPBeppavOeicag emPAveLag Kot 1 apykn Oepprokpacio g
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2-34

Amod to mopomdve yivetor ovTiAnmtd OTL 0 VTOAOYWOHOC TG Oepuokpoaciog
EMOVAYVENC Oev givar €DKOAOC Kol umopel 1 a priori Oedprnon pog otafepng TUNG TG
Vo 0ONYNOEL GE CNUAVTIKG GOAALATO GTOV VTOAOYIGUO TNG TaXOTNTAG EMAVAYVENG
KoOADG KOl GT1) GUVOAIKY] LEAETN TOV PALVOUEVOL EMAVAYLENGS, OTIMG YIVETAL AVTIANTTO

Ko oo v mapaypoeo §2.3.1.

Katd koupovg Exovv ypaogtel apketéc epyacieg [64, 74, 75, 64, 76] miveo 610 cuvolo
™m¢s PPMoypapiog otic omoieg o avayvdotng umopel vo avatpéger ko va Ppet
ONUOVTIKES TANPOQOPIEG YOl TIG TEPOAUOATIKEG €PYOcieg Ko Yo TS OewpnTikég
OVOADGEIS TOV UNYOVICUAOV 7oL  AauPdvouv  yopo kotd v enavayovén

vrepBeppovisicmv EMPAvELDY.

2.5 Kwdikac atloAdynong povtéAwyv emavadpuéng (RELAP5)

Ta tedevtaio 20 TOLAG IOTOV YpOVIO £XOVV INUOGIEVTEL APKETES EpYACiES TAV®D GTNV
TPOGOUOI®GT TOL PLGIKOV POLVOUEVOL TNG EMAVAYLENS PAPOOV TUPNVIKOD KOVGIHOV
HETA amd atdhynua anoislog Yyouktikov. Eva and ta epyaieio mov ypnoiporomOnkoy
KOl XpNoLomolovvionl akopo oebvag yio avtdév 1o okomd oamoteAel kol O

VIOAOY10TIKOG KmdwKas RELAPS.

O kwdwoac RELAP (Reactor Excursion and Leak Analysis Program) sivat éva
VTOAOYIOTIKO £PYOAEID TTOV EMTPEMEL GTO YPNOTN TN LOVIEAOTOINGT] TOL GLVOAIKOV
OLUOTNUOTOG €VOG TLPMVIKOL OVTIOPACTNPO 10YVOG €IT€ O KOVOVIKEG oLVONKEG
Aertovpyiag, eite oe petafotikéc ocvvOnkeg OTOC oV TEPITTOOT €VOG OTLYNLOTOG.
To mpdypappa opywd ovartdydnke and to EOvikd Epyactipio tov Idaho eved
onuepa ovveyiler kot e&edMocetol Kt Oomd TNV EMTAPNON TOL AUEPIKAVIKOD
Ynovpysiov Evépyeiag wor tng Atebvodg Opadog Xpnotov RELAPS (IRUG:
International Relap5 Users Group) [77]. ‘Exet ypaotei oe yAdooa fortran eved 1o
RELAP5/MOD3.3 oamotekei v televtoio kot mo avofabuouévn £kdoorn g

cEPags.
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H a&oddynon ko Peitiomon tov kmoko yivetow péco amd T OOYKPION TOV
arotedeocudtov tov RELAPS e ovykekpyéveg mepapoatikés tpuéc. Iopokdrto
yiveton pia oovroun BiAloypagiky] ovacoKOTNGON TOV CNUOVIIKOTEP®V  EPYACIOV
okomdg Twv omoiwv Mtav 1 aloAdynon N M Pertioon ToL KOOKO OOTE VO
npocouoldlel oe Kavomomtikd PBabuod tig ocvvOnkeg emavayvéng pe ™ pébodo Tov

TANUUL PG LOYD.

Mia and 11 TpMdTEC TPOooTADELEG TOV £ytvay Yol AELOADYNOT TOV OTOTEAEGUAT®OV TOV
RELAPS og ouvOnkeg mAnppopiopol dnpoctevtnke oe gpyocio to 1995 and tovg
Sencar kot Aksan [78]. Xe autiqv Vv €pyacio. mAPOVCIAGTNKE 1 TPOoTADELN
TPOGOUOIMONG TOV TEPAUATOV ETOVAYVENS TV gykataotdoewy Tov PSI-NEPTUN
Kobd¢ kat Tov mavemotuiov Lehigh pe ) yprion tov exddcemv RELAP5/MOD2.5,
RELAP5/MOD3/v5m5 xou RELAP5/MOD3/V7j. Ta ocvumepdopoata g MEAETNG
KaTESEEOV OTL TOL OUTOTEAEGHOTO. TOV KMOKO OV NTOV KOVTH GOTIC TPOYUOTIKES
TEPAUATIKES TILEG EVD TO PALVOUEVO ETAVAYVENG, OGS Y10l TOPAOELY L 1) OTTOTOUN
nT®on ¢ Beprokpaciog e empdvelog e papdov ™ otiyun g enavayovéng, dev

Nrav gvdlakpiTa.

Baoldpuevog ota mpoovapepOUeEVa LT IKAVOTOMTIKA ATOTEAEGLLATO TOV KMOKO TOL
dnuooievoav ot Sencar kot Aksan, o Analytis to 1996 mpoteve KdamolEg
TPOTOTOGELS oTa OepUOVOPOVAIKE HOVIEAN TTOL YPNOUYLOTOOVCAY Ol EKOOGELS
RELAP5/MOD3/v5m5 kot RELAP5/MOD3/V7j ot omoieg kat epoppuooTnKay otnv
vedtepn ékdoon RELAP5/MOD3.1 [79]. Zvykekpiuéva, TpOmomoince T0 UOVIEAO
VTOAOYIGHOD TOV GLVTEAECTN UETAO0ONG EVEPYELNG HETASED TOTYDUOTOG KOl YUKTIKOV,
TO HOVTEAO VTOAOYIGHOV TOL HEYEBOLG oTayOvag To omoio emnpéale oNUAVTIKE TO
VYPO pétemo oe yaunAés mécelg kabmg ko tov mivaka Kpilowng Oeppkng Porig
Groeneveld ywo pkpég mopoyés palag woktikov.. Olec ot mapamdved oAloyég
e EyyOnkav pe emdeypévo TEWPAUOTO ETAVAYLENG €K TOV KAT® (TEPOUATIKA
npoypaupato PSI-NEPTUN kot FLECHT-SEASET), evd 1o oamoteAéopota
ovykpinkov pe ovtd TV Tponyovpevev ekdocewv  tov RELAPS [80].
SOUTEPACUOTIKA PAVNKE OTL OAeC Ol TPONYOVUEVEG TPOTOTOMOEL PeAtimcav

OTNUOVTIKA TO OTOTEAEGLOTO, TOV KMOOKO T OTTO10L amodelyOnkay mo peaAloTiKd.

Avo ypovia apyotepa, to 1998, ot Jeong kot NO a&loldoynoav pe m Gepd Tovg TV

ékdoon RELAP5/MOD3.1 petd and cOykpion TV omoTEAECUATOV TOV KOSIKO UE
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nelpapato tov tpoypdupotog FLECHT-SEASET [81]. Ot gpgvvntég mapatipnoay
KOO0 OVETAPKELD TOL VITOAOYIGTIKOD LOVTEAOV ETAVAYLENG, 1 omoia Bedpnoay Tmg
opeidetal otov AavBaouévo vroloyiopd tov peyébovg twv otayovev. To peydio
péyebog otayovav mov ypnopomrotovvray (0.0025 m) giye oc anotéAecpa peydan, un
PEOAIOTIKY] CLGGMOPEVGT YLKTIKOD KOTAVTI) TOL VYPOL UETONTOV KOl ECPUALEVT
emavayvén Adym atuov [82]. Ot idior mpdtevay wg eldyioto péyebog otoydvmv
emovyvéng 1o 0.0007 m. Zvumepacpotikd M wpdTac TOvg PeAtioos TG

TPONYoVUEVEG TTPOPAEYELC EVD TEAIKA eQaprooTnKE oty ékdoon RELAP5/MODS3.1.

Koatd m ypnon dapdpwv ekddcewv tov RELAPS domietdbnke mwg n mpdPreyn g
Oepuoxpaciog emavdyovéng oev NMTav ETOPKAOC TKOVOTOMNTIKY] KOl Ol OTOKAIGELS
HeTa &l TV TPOPAETOUEV®V KOl TV TEWPAUATIKOV TGV Kpivovtay onpavtikés [83].
Aoppavovtac avtd ve’ oywv, ou Elias et al. to 1998 éxavav po mpoomddeia
Beltimong tov poviélov emavayvéng tov RELAPS5/MOD3.1 avanticooviog Kot
epapprolovtag éva povtélo petagopds Bepudmrag oy mePoyn Tov peETARoTicoD
Bpoaopod [84]. To poviédo dev Paciotnke o TOPAUETPOVG TTOV EYOVV VO KAVOLV UE
mv 1otopio g emavayving, Omwg eivor m 0éon tov vVYpPoL pETOTOVL N Ol
Oepuoxpacieg Tov onueiov Enpdvoewg kot g Kpioywng Oeppkng pong aArd
Baciotnke 0TV €1G0Y®YN YVOOTOV TOTIK®OV TILOV Ogpuokpacioc, mieong, mapoyng
palag, oTUTIKNG TOOTNTAG Kot KAAGLLATOG KEVOD 01 OTOies Kol Ltopovv va LeTpnfolv
anevBeiog oe kabe meipapa and tovg otadpovg pétpnong. To poviélo petafotikon
Bpacpod mov mpotdbnke kot gpoppootnke Nrov tov Chen et al [85]. T v
aE10AGYNOT TOV TPOTEWVOUEVOL HOVIEAOL EQUPUOGTNKE O KAOOKAG GE TEPALOTO
EMOVAYLENS 0VO0 SLOPOPETIKMV TPOYPOLUUATOV, TOL Tpoypdupatog FZK-amin pdfdoc
Kot Tov wpoypdupatog PSI-NEPTUN [86, 80]. Ta aroteléopota kpibnkav emaprdg
IKOVOTIOMTIKA 0OV  CLUP®VOVCAY O HEYAAO Pobud pHe To  TEPOUATIKA
anoteAéopata. Qotdco dev e€arelpOnioyv OAeg o1 adLVOUIES T®OV TPONYOOUEV®V
€KO00EMV Kol KUPIWG AVTES TOL TPOEKVLTTAV UETE OO TPOGOUOUDGELS TEPAUATOV LLE

VYNA00US pLOUOVG TapPOoYNG HALOS YUKTIKOV.

To 2003 o Koszela o&ordoynoe v ékdoon RELAP5/MOD3.2.2 Gamma
ovyKpivovtog to amoteAécatd TG pe 36 TEPduaTa ETOVAYVENG OTNV EYKATACTAO)
ABB Atom 3x3 Rod Bundle (9 papoot xavoiuwv) [87]. H a&loldoynon éywve pe
YPNON HOVO T®V PUCIKAOV ETAOYMV TOL KMOKO Kol Ywpig tnv tpdBeon mpdtaong Kot

EI00YMYNG VE®V LOVTEA®MV VTOAOYIGHOV. ZUUTEPAGLATIKA SOMIGTMONKE OTL 0V KoL Ot
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péylotec Bepuoxpacies e pafoov NTav 6MOTA VIOAOYICUEVEG OGTOGO O YPOVOG

EMOVAYVENC NTAV TLO GUVTOUOG OO TOV TPOLYLLOTIKO.

Ot Swdwoaciec a&loldoynone kot PeAtioong tov kmdOKo cvveyilovior pépl Kot
onuepa. Emektikd avagépeton pio amd T1g mo npdopateg dnpoociedoelg tov 2010
tov Choi kaw No [88]. Xe avtv Vv gpyacia, ot gpguvnTég 0o a&loAdyncav v
ékdoon 1ov RELAP5/MOD3.3 cuykpivovtog to OmOTEAEGHOTO TOV KMOOKO pe 8
nelpapota Tov tpoypdupotoc FLECHT-SEASET kotéAn&av ota ida cupmepdcpato
KOl TOPOUTNPNOELS MG TPOG TOV YPOVO emOvVAWLENG, Ta omoia Elxe SOMGTAOCEL KOl O
Koszela [87]. T vo petwBovv avtég ot amokiicelg petaé&d TmV VTOAOYIGTIKMOV Kot
TOV TEPAUATIKOV TILOV TPOTAONKE &va UOVIEAO LTOAOYICUOD NG METAOOOMG
Bepuomrag pécm aktvoBoriog HETAED TOyMUATOG PABOOV KOl WYUKTIKOD KOOMG Kot
TPEIG  OlOPOPETIKOL  GUVTEAESTEG  UETOQOPAS  evépyelag. Ot TPOTEWVOUEVECS
TPOTOTOMCEL OmMOdElyTNKE OTL PeEl®oAV ONUAVTIIKE TNV amOKAon Tov YPOVOL
emoviyvéng (amd 85.9 s og 33.2 S) evod peidOnkav Kol ot amokAlcelg Heta&d TV
TEPAUATIKOV KOl VTOAOYLICTIKOV TILOV TOV LEYIGTOV OEPLOKPAGIOV TOLYMUATOS TNG
papoov (amd 48.3 K og 36.1 K). Qot600 Kot 6€ avtniv TV gpyacio mapotnpnonkoay
ONUOVTIKES SLOPOPOTOGELS UETOED TPAYHOTIKAOV KOl VITOAOYIGTIK®OV TILADOV KUPIMGC

OGOV APOPE TOVG GVVTEAEGTES LETAOOOTG BEPULOTNTOG TOLYDUATOG-WYVKTIKOD.

To televtaio avtd YeYoVHG amodetkviel OTL 0 KOJKOG £xEl TEPIOMPLO VoL dEYTEL KOO
TOAEG  ONUOVTIKEG PeAtidoelg mpwv  yivel Kowdg omodektd OTL  umopel va
TPOGOUOIAGEL IKOVOTOMTIKA OAOVG TOVG PLGIKOVS UNYAVIGLOVS TOV AAUPAVOLY YDPaL
Katd Vv emavayvln ek tov kdteo pog vrepbepupavleicac papdov mupnvikov

KOLGIHov.
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3. IEPITPA®H INEIPAMATIKHX ETKATAXTAXHX KAI
INEIPAMATIKHX AIAAIKAXIAX

To Epyooctipro IMupnvikng Teyxvoroyiog tov E.M.IL eivon eEomiiouévo pe o
0epLoDOPAVAIKT £YKATAGTOCT GLVOAKOV Vyovug 4.48 M pe Pacikd oKomo TN PEAETN
™G OeprODIPAVAIKNG GUUTEPLPOPAS TOV TUPNVIKOV ovTOpooTpwV 1oyvos. [T
OLYKEKPIUEVO TPOGOUOLALETOL 1| AEITOVPYIO. TOV CLGTNUATOV EPESPIKNG YOENG Vi
TNV OVTILETOMION TOV OTVYNUOTOC OTMOAENG YUKTIKOD 00 TOVS TLPNVEG TMV
TUPNVIKOV  OVTIOPACTHP®Y OCTE VO HEAETNOOLV oe mepopatikd eninmedo ot

unyoviopol mov AapBavouy ympo Kot T SAPKELD TNG ETOVAYLENG.

H perém ko o oyedoopnodg g eykatdotaong Eexivinoe to 1978 ota mhaicto g
ddaktopikng datpiPrg tov X.E. Zyodémoviov, 1 omoio dievepyndnke oto Imperial
College of Science and Technology tov Aovédivov [89]. H katackevr] Tov 6GuVOMKOD
UNYOVOAOYIKOD KUKADUOTOC Kol 1) OlohVOEST TOL HE TO AOYIGHIKO €EOTAMGUO
oAOKANPphONKe ot MAaiota g AA tov E.IT. Xivn 1o 1991 [12]. H mewpopatikny ovt
gykataotaon ovopdotnke Ogpuo-Yopavikd Kokiopo kot ot cvvéxelon g

gpyaciog Oo avapépetor cuyvd mg OYK.

210 mapov kePdAalo TepypapeTar €v cuvtopia 1 cvykpotomn tov OYK evd divetan
Wwitepn EReaon ot Agttovpyio TG £YKATACTOONG KATA TNV EKTEAEST] TEWPAUATOV
EMOVAYVENS €K TV KaTtw. TEAOG, upacn divetal Kot OTIC aVAYKOIES TPOTOTOGELS
OV YPELBGTNKE VA YIVOUV GTO AOYIGUIKO EMLTPNONG TNG TEPOUOTIKNG EYKATAGTAONG
KOl 6TO HYKO SLAYPOUUO OVTHG TPOKEUEVOL VO TPOCUPUOCTEL OTIS OVAYKES TMV
TOPOKOAOVON NG KOl KOTAYPOPNS TOV TEPAUATOV EXAVAYLENG LE TN dedKAGio TOV

TANUUL PG HOYD.

3.1 Baowkn ocvykpdtnon tov OYK

Mo TAnpn TEPLYpa®n TG GLYKPOTNONG TG BEPUOVOPAVAIKNG EYKATAGTACTC VITAPYEL
ot AA tov E.II. Xivn 6mov o evdwopepopevog pmopet va ovotpEEEL Yoo pa o
Aemtopepn avdAvon TOGO TOL UNYOVOAOYIKOU OGO KOl TOV TNAEKTPOAOYIKOD

egomhMopon tov [12]. Emonpoivetal 0Tt aVTIKEWEVIKOG GKOTOG TNG GLYKPOTNONG,
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puéxpt totE, NTOV M OEEoymY | TEPOUATOV WYEKAGHOV &Kk Tov dve (Top Spray

Cooling).

Ta Poowd otoyyeia tov OYK amotedobv 10 doyelo Ppacpov, to doyeio
OLYKEVTPMOOTG Kot To TUNpa Sokipudv. H dtacvvdoeon OAwv avtdv peta&d tovg yivetan
HECH KAUO®V COANVAOCEMV. X& CLYKEKPIUEVO ONUeiol TOV KUKADUATOG LITAPYOLV
EYKATEGTNUEVOL UETPNTIKA OpYavo. TO OTOI0, ETTPEMOLY GTOV TEPAUOTICTN] TNV
EMTNPNON NG EYKATACTAONG, VO KATAAANAO GLOTAMATO €AEYYXOL Stauc@aiilovv
OVTOLOTOTOMUEVA TN GMGTH Kol ac@ain Aettovpyia tov. To Zynua 3-1 aneikovilet
10 oYNUaTiKd dtdypappa 1ov @YK 6mov pe kdkkivo €xel ypopotiotel n dStadpopn| Tov

epyalOUevoy HEGOV KT TNV EKTEAEST EVOG TEPAUATOC ETAVAYLENG EK TOV KAT®.
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Zyua 3-1 Zymuoatikny avaropdotaocr Oeppoidpavitkod kKukAdpotog tov EITT-EMII.
Me KOKKIVO £Y0VV YPOUATIGTEL 01 KAADOL TOV YPNGULOTOOVVTOL GTHV TEPITTMON)
TEPOUATOV ETAVAYLENG €K TOV KAT®

To doyeio Bpacuov (yopnrikdmrag 0.635 m°) Bpioketar 610 LVYMAGTEPO onpeio g
gykatdotaong Kot pe ™ Pondewa te00dpov 0vToTdoe®V GUVOMKNG 1oxbog 36 KW
TPOPOSOTEL TO TUN O SOKIUDV HE VEPO KOTAAMNANG Oepuokpaociog oe méoelg 1- 7 bar.
Otav 10 vepd mepdoel amd TO TUNUO OOKIUADV OTN CLUVEXEWN EIGEPYETOL GTO OO0YELD
ovykévipoong. To doyeio cvykévipwong (yopntikdtmrag 0.200 m°) Bpioketan otoO

YOUNAOTEPO GNUEID TNG EYKATACTACNS Kol OTAV OAOKANpwOEl | TANpwGT TOL, TO VEPO
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oonyeiton Eavd oto doyeio Ppacpod pe ) Pondewo avtiiog n Asttovpyio TG omoiog

eEAEYYETOL OO OVTOUATO CUOTNUA EAEYYOL GTAOUNC.

IMveton gvkoda avTiAnmtd TmG T0 PACIKOTEPO KOUUATL TNG EYKATAGTACTG OTOTEAEL TO
o dokumv. To tunua dokipudv amotedeitor and pio pafdo avoieidmtov yaivPa
1 OTol PEPEL GTO EGMOTEPIKO TNG NAEKTPIKY AVTIGTOON Yio TNV OHOOpopeT 0Epravon
™. AKOu, G6TO0 €0MTEPIKO TNG vmapyovv 12 Begpuootoryeion tomov J (Iron —
Constantan) tomofetnuévo 6 GLYKEKPIEVEC AMOGTACELS KATA UNKOg TS pafoov, ta
omoia mapéyovv TV Evoelln g Beppokpaciog Tov mePPANUATOS TG PAPOoL Y®PIc
Vo dlITaPPAGOLY TNV Pon otV empdveln Tov wepiPAnuatog. To onueio pétpnong
kéBe Bepprootoryeiov améyel 1 mm mepimov amd Vv eE®TEPIKN EMPAVELN TG PAPIOV
TAPEXOVTOG AVIUTPOCOTELTIKEG TIUES TG Bepurokpaciog emoaveiog. H papdog elvan
opoa&ovikd tomofetnuévn o€ €va KATOKOPLPO KAVAAL KOTOGKELOGUEVO OO
borosilicate glass. H &Ewtepikn diduetpog g papdov eivar 0.015875 m evod 1
€0MTEPIKN JAPETPOS TOov Kavokov givar 0.05 m. To cvuvolkd pnkog g péfdov
etvar 1676.4 m evod 1o Begppovopevo koppdtt g eivar 1016.0 m. To Zynua 3-2

anekovilel v axpiPn Béon TV Beproctolyeinwv 610 E6MTEPIKO TNG.
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ZymMua 3-2 Zynpatikd didypappo vrépBepung pafoov kot Bécelg Twv Beppoctoryeinv
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3.2 Ipodiepyaoicg

IIpwv v évapén g mepapatikng dadkaciag olevepynonke, oto TAOIGLO TOV
TEPAUATIKOV EPYOCIOV TNG TOPOVOTNG AA, ETLTAPNOT TNG EYKOTAGTAONG Kot EAEYYOG

NG GOOTNG AELTOVPYIOG TWV CTAOUDV PHETPNOTC.

Kotd v emtmpnon 1Tov  GUOTAUOTOS GCOANVACEDV 1TNG  EYKATACTOONG
TOPOVCIACTNKE aoTOY{0L Kol Olppon] OTOV KAAOO €16000V TOL YLKTIKOD GTO
KOKAoua, pe onueio ekkiviong to doyeio Ppacpod (Zyua 3-3). H actoyioc avty
amodonKe ot cuveyn S10GTOAN KOl GLGTOAY] TOV VPIGTAVTO 0 KAASOG AOY® GLYVNG
dtédevong moAD Beppod vepov KATE TNV TPAYLOTOTOINGT TOAMOTEP®OV TELPUUATMV
enavayvéne [90]. 'Emetta omd pehétn Kot épeuva ayopds, €meAéyn 1 Adon g
tonofétnong evoc cvvdéopov dwaotoAng (Expansion Joint) o omoiog ddvaton va
amoppoPdiel TIG OGTOAEG KOL OGLGTOAEG TOL KAGSOL YWPIG KOTOmOVNON TV
colvooenv [91]. H eykotdotoon tov GUVIEGUOV SOGTOANG TPAYLOTOTOONKE TN

YPOVIKT| TEPTOOO TPV TNV EKTEAECT] TOV TEPAUATOV TNG TAPOVLSUS AA.

Emniéov, xatd tov éleyxo tov OYK dwmiotddnke nog ta dvo Beppoctoryeio mov
givar eppanticpéva 6to Kato pEPOg Tov doxeiov Ppacpov (Tyfua 3-3) mapovciolay
ONUOVTIKN O1popd oty EVOElEn Tovg TG Taéews Tov mévte Beppofaduidowv. 'Etot
ATOPAGICTNKE TO Gvorypa Tov doxeiov Ppaciod Kot 0 EAEYY0G TOL £6MTEPTIKOV Tov. H
emnpnon tov doxeiov Ppocuod Eywve HEGH TOV OTMOV (SIAUETPOG OTTAV 27") OTIC
omoieg Nrov tomobetnuéveg ot avtiotdoels ¢ piog eAdvioc, agol TPOTIGTMG
agapetnkav. Iapampndnke mwg 1660 o1 avTIcTAcES TOL doyeiov Ppacuov 6Go Kol
10 1010 10 doyeio Ppocpod amd TO EMMEOO TOV AVIICTACE®V KOl KOT® MNTAV
EMKOAVUUEVO LE Eva TayD oTpdpa aAdTov. Metd and ektevr BipAloypapikn épguva
Kot QoKW  OPOp®mV  KAOAPIGTIKGOV  SWAVUATOV  OTOQAGIGTNKE O  YMUKOS
KaBapopoOg Tov doyelov Ppacpoy KOl TGOV OVTIGTACE®V WHE TN YPNON NTLOV
doddpotog pooeopikod o&éog (10% HzPOuspg). H doxwn, petd tov vmdym

KaBoplopod, £dmoE TPAKTIKA TOVTOOTEG EVOEIEEIS oTOL dVO BeprooToryEia.
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Zymua 3-3 Zynupatikd dtdypappo doxeiov Bpacpot Kot Bécelg Tmv Oeppoctorysinv

[Tep1ocodTEpPeg AETTOUEPEIEG TTOL OPOPOLY TO GUVOEGHO OCTOANG OAAG Kol TN
dtadkacio Tov akoAovONONKe KoTd TOV YNUIKO Kabapiopd Tov doyxeiov Ppacuov Kot

TOV OVTIOTAGE®V avapépovtal avaAvtikd ota [Tapaptipota oto Kepdroto §I12.

Téhog, mpwv v mpaypatomoinon tov mEWPAPdTOV EMpeme Vo OAoKANpmOel m
dwkpifwon ¢ Pabrovopmons tmv dVO LAYVNTIKOV POOUETPMOV TNG EYKATACTUCNC,
TV ovaroyoyneokov petatponémyv (PCL-717 ko PCL-718) ot omoiot ynolomolovv
TO OVOAOYIKO ONUO TOV HETOAAOKTOV TNG &ykatdotaons Kabhg kot tov o600
evioyutov-roivmiektdv (MUX A kot MUX B) ot omolot givor vrevBovor yo v
Evoeln tov petpnoemv tov Beppoctolyeimv ¢ €yKATACTOONG OAAL KOl Yo, TNV
EvoelEn g Aettovpyiog twv coinvoelddv BaiBidwv. H dadikacia g dwakpifoong
™mg Pobuovounong mov axoiovOnOnke kaBOG kol T AMOTEAECUOTA  TNG

neprypapovtot ektevag ota [opapmpuota oto Kepdioto §113.

3.3 Mepapatikn Stadikaocia

H S1adikacio ektéleong TV TEPAUATOV ETAVAYLENG £xEl avaALOel AETTOUEPDG GTO
naperdov o epyaciec tov Topéa IMupnvikng Teyvoroyiog [12, 90, 92]. Katd ™
OlIpPKEWL TTPAYLOTOTOINONG OA®MV TV TPOavVAPEPHEICOV EPYACIOV EKTEAEGTNKOV
TEWPALOTA ETOVOYVENG LE TPOcAYy®YN VEPOD otV Aved KePaAn tov Tunuotog
Aoxipov. Ztdyog Mg mapovoos Awoktopikng Awrpifng MTav 1M €KmOVNIoN
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TEPOUATOV ETAVAYLENG UE TANUUVPIGUO TOV KovaAloh tov Tunuoatog Aokipuav, e

OTLOGPALPIKEG GUVONKEG.

I'evika n dradkocio eravayvéng pe TIANUpvpIopd giye oc e&nc:

Vi.

KaBopiopodg apytkdv mepopotik@v ocovinkov mpwy v Evopén  tov
TEWPAPATOV Kot e£0c@aion g otabeponoinong tovg kaf’ OAn 1 didpketo
TOV TEPANATOG LE TN forfela TV opyavmv emTnpNnong Kot EAEYYOV.
[Ipocopoimon Tov aTLYUOTOG OTMOAENG YUKTIKOD UE OLOKOTY TNG TOPOYNS
vEPOL OTO TUNUO OOKIH®V, 0mootpdyyién tov Tuniuatog Aokiumv Kot
TOPOYETEVOT] TOV YUKTIKOV amevbeiag oto doyelo ouYKEVIP®ONG HECWH €VOC
KAAOO0L TOPEKOUYNG.

ITpocopoimon decay heat pe v évapén g tpo@odociog ™G NAEKTPIKNAG
avtiotaong g papoov £wg dtov N Beppokpacics TOL TOYOUATOS TG PTAGEL
™V emBLUNTA TUN.

Awokom] ™G TPOPOdociog TG MAEKTPIKNG avtiotoong g pafdov kot
TPOGOUOIGN TG AETOVPYIG  TOV GULOTNUOTOG EKTOKTNG WOENG ME
OTOKATAGTAOT] TNG PONG TOV YUKTIKOV HEGOV GTO KAVAAL SOKIUMV.
[MopakorovBnon g e£€MENG ko ™G ANENG ™S TEWPOUATIKNG Stodtkaciog
oV 006vn tov cuvdedepévov H/Y tomov IBM — PC cuppatod pe mapdAinin
KOTOYPOPN TOV TEPALATIKAOV LETPT|CEWMV.

AmoBMKeLON Kol PETAPOPA TEWPAUATIKOV OES0UEVOV GE GAAOV TPOCOTIKO

H/Y yw v enelepyasio Tovg.

Kotd mv mapodca AA Oro To TEWPAUATO TPOYUOTOTOMONKAY GE OTLOCOOPIKES

ovvOnkec (1 bar). e «ébe oepd nepapdtov kabopiotnke otabepn mOPOYT TOL

yokTkod péoov (0.008 kg's® — 0.050 kg's™) kabdc kar otabepy Oeppokpoosio

voyvéng (0°C — 50°C). Qg vrdyvén opileton n dapopd g Oeppokpaciog

KOPEGLOL TOL VEPOV GE OTHOGOUPIKES cLVONKeG and T Beppokpacio Tov vepov

Katd TV €i0000 TOL 6TO KOVAAM dokipuav. H péyiom apykr Oeppoxpacio tov

TOLYOUOTOC TNG PpAPoov Tpv v évapén g emavayvéng kabopiomke otovg 550°C
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evd M eldyiotn otovg 300°C (Prua 5°C). Xvvolka devepyndnkov 20 cepég S50

nepimov melpapdtov ékaotn (1083 weipduoto) 3.

e Iopoyn yoktikod péoov (kg-s™): 0.008 /0.012 /0.017 / 0.025 / 0.033 / 0.042
/0.050

e  Oepuokpacio VIOYLENS YukTiKoy pécsov (°C): 0/25/50

e Apyikn Beppokpacio toydpotog papdov (°C): 550 /545 /540 /... / 305/ 300

3.4 AOYLOMKO KATAYPAPTC TELPANATIK®DV SES0UEVOV

[MapdAAnio pe TV EKTEAECN TOV TEPAUATOV ETOVOYVENG O TEPAUATIGTNG EYEL TN
duvatdmto enonteing OANG TG O100IKOGING GE TPAYUOTIKO XPOVO HEG® EVOC PLUIKOD
drypappatog g OepprobdpavAiikng eykatdotaong mov gpeaviletal otnv 006vn Tov
ouvdedepévov H/Y, evd tavtdypova kotaypdeovtal ta dedopéva oe apyeior MOTE va
etvar dvvatn mn enefepyoacio Toug oe petayevéotepo ypovo. H kotaypagn twv
dedopévemv KaBdS Kot 1 EUPAVIOT] TOL UIUIKOD OyPAUUOTOS TNG TEPAUOTIKNG
gykataotaons yivetor pe to mpdypappa RIG. To mpoypoppe RIG mov apyikd
ovvtayOnke oto mhaicla g AA tov E.IT. Xivn [12], oxomd giye tnv otk enonteia
KOl KOTOYPOQN TOV TEPAUATOV ETAVAYVENS €K TOV AVE®. 26TOGO, V1o TOVS GKOTOVG
TOV TEPAUATOV TNG TOPOVOTG EPEVVITIKNG EPYACIOG, TO TPOYPOALLLN TPOTOTOMONKE
£to1 ®OoTe va dtvetor M SLVATOTNTO KOTAYPOENG Kol TAPOKOAOLONONG KOl T®V
TEPALATOV ETAVAYLENG €K TOV KAT® £T01 OM®G EKTEAOVVTOL OTNV 10100 TEPAUATIKT
eykatdotaon(§ 3.4.2). Emumhéov, mpoc S1EVKOADVON T®V TEPOUATIOTOV KOl TPOC
amoeLYN cLYYVoE®V, 6TO. TANICLO TNG Epyaciog dnuovpyndnke éva batch apysio mov
dtvel v emAoyn oTov gpguvnTy va kaAéoetl pe pio evtodn 1o mpodypoppe RIG mov
avtiotolyel otov tpoémo emavdyvéing mov peretd (§ 3.4.3). X ocvvéxswn TOL
KEPOAOIOV TTapoLGIALoVTaL Ol POVTIVEG TOV TPOTOTOUUEVOL TPOYPAULOTOS KOl Ol
aAAOYEG TOV €yVaV Yol TV EXOTTEIN TOV TEPAUATOV ETOVAYLENG He TV nEBodo Tov

TANUHVPIGHLOV.

3 AVagEpETon TG ToL TEWPGUOTA TOV SevepynoMKay yio mapoyy woktikob 0.008 kg-s™ kat
Oepuokpacio vTOYLENG YukTikoy 50°C dev odokAnpodnkav Ady® moAD youniod pvOuod
EMOVAYLENG 100 PE TO pLOUO TANUUVPIGHOD TOL KAVOALOV.
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341 KoaUyaUUOd “~J80y) YeeUUsd RI G

Mo mv évopén exktéAeong TOov TPOYPAUUATOS EMOMTEING KL KOTOYPOQENG €lval

OTOPOATNTO O TEIPOLATIGTNG VO OMGEL TNV EVTOAN:

RIG

> ovvéyela epeaviCovtarl otny 006vn o1 TAPAKATO EMTAOYEC:

1: DISPLAY
9: ASSIST

0: EXIT

Mo v katoypopr] TOV TEPAPATIKOV ded0UEVOV GE apyeio 0 ¥pNoTng emAEyeL TO

TANKTPO 9 Kot 6TO Kavovplo mtapddupo mov TpoPdAreTal, GTNV EMAOYN:
Kataypaon meypapatog REWETTING (Y/N):

o ypnotg eméyel Y evd ovyypdvmg Ttov divetar M duvatdTNTO EMAOYNG TNG

GLYVOTNTOG OELYLOTOANYING TV TEPAUATIKMDY OEOOUEVWV.

2 ovvégela avadveTon Eva teAevTaio Tapdbupo mov {ntdel mepaTEP® TANPOPOPIES

Yol TI GLVONKEG TOL TTEPApTOg TO omoio Ba die&oryDel:
XPQQQDDSSNNN
omov:

X=1 (1o mepdpato eTavaYvENG)

P=1 (atpoceaipkn wicon oe bar)

QQQ=0.50/0.75/1.00/1.50/2.00/2.50 / 3.00 (rapoyn yuktucov og I/min)
DD=00/25/50 (vtoyvén og °C)

SS= 10 (mapoyn atpod %)

NNN= Run Number
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Aol coumAnpwboldv Ol to mpoavapepBivta Pripoto EEKIVAEL 1 KOTAYPOPYT] TOV
TEPALOTOG Ko gpeaviletor otnv 006vn 10 Pkd ddypappo TG €yKatdoToong.
Orav oAokAnpwbel n emavayvén sppaviletor pivope AnEng oty 006vn tov H/Y evd

TOVTOYPOVE OmobNKeVETOL TO apyelo pe To TEPAUATIKG dedopéva pe Eva LoVadKO

ovopo apyeiov TG LOpENG:

DDMMHHLL.YY
omov:

DD: n pépa dte&oywyng Tov TEPAUOTOS
MM: o uvag dte&oymyng Tov TEPALOTOG
HHLL: 1 dpa kot 10 AEnTA KOTOYPAPNG TOV 0pYEIOL TOV ATOTELECUATOV

YY: 10 ét0g dre&aymyng TV mEPANATOG

Mo moapddetypa, 1o melpopo pe Ovoua apyxeiov 13101054.14 Sweénydn otig
13/10/2014 ko oloxAnpwbnke otig 10:54 10 mpwi 6mov ko ékAelce 10 apyeio

KOTOYPOPNG TOV TEPAUATIKOV OEOOUEVDV.
3.4.2 IIpoéypappo RIG

To npoypappa RIG kot o1t vropovtiveg mov TEPLEXOVTOL GE AVTO YPAPTNKAV LLE GKOTO
VoL ELEOVICOVV TNV TTEPAUATIKN SLodkacio TG EMAVAYLENS €K TOV dve KoOMOG Kot vo
KATOYpAYOoLuV TO TEPAUATIKE OedOpEVOL TOV TPOKVTTOVY amd avth. [ va yivel
duvaTh Kol 1 ELEAVIOT KOl 1) KOTAYPOPT TOV TEPAUATOV ETOVAYLENG €K TOV KAT®

NTOV OTOPAiTNTO VO YIVOUV KATOEG LETATPOTEG GE SLAPOPES POVLTIVES TOV KMOTKAL.

H Aiota tov povtivev og yYAdooa fortran mov cuykpotovv to mpoypappo RIG eivor n

axoAovON:

i. RIG.FOR
ii. N.FOR
iii. R.FOR
iv. ~RW.FOR
v. S1LFOR
vi. S2.FOR
vii.  S3.FOR
viii.  S4.FOR - S6.FOR
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ix. S5.FOR
X. STEM.FOR

IMa meprocdTEpEG TANPOPOPIES YIOL TO GUVOAO TMV POVTIVOV TOL TEPIEXOVTOL GTO
npoypoppe RIG kabdg kot ywo ™) Asttovpyio ovT®V 0 OVAYVAOOTNG UTOPEL va

avatpé€el ot AA [12].

To Zynua 3-4 aneucovifel To PIIKO S1AypUpp TG EMAVAYLENG €K TOV Ve OTMG
epepavifetoar oy 006vn tov H/Y katd v kovovikn Asttovpyia TG €YKOTAGTOONG
eved 10 XyMua 3-5 amekovilel To KO Sdypoppo e emaviyvéng €K Tov KATo
OMWG TPoEKLYE EMELTo amd TIG aAlayéG Tov Eywvav otov kddwka RIG. Xt cuvéyela
NG TOPAYPAPOV OVOPEPOVTAL EV GUVIOMIO Ol POVTIVES TNG TAPATAV® AGTOS TOV

KOO KaODG Kol 0l TPOTOTOUGEL TOV VAOTOMONKAY 6Ta TAAICLYL TNG TAPOVGOS

AA.
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Condenser

Condition of RIG: NORMAL OPERATION 1= 1-2016 201 8:39.61
> 8v1 :
‘ - 21.0 °C
o el T EEY X :
1.00 bar Heating Test J 1.04 bar
( 99.6 °C) | Tank Section i 79.5 °C
20.1 °C [€1 AT 1. °C
" P 2 22.9
& 32 23.4
; % TEERY 1) 23.9
MFM ava g 8| —01 23.9
- 21,2 °C | |B|8]|—e: 24.4
0 1pmboy—»_1 | —7: 28,4
| $li|l— 81 23.9
Pump é —F 24,1
5V4 E ¥ | —10: . 24.1
s 8V3. : lauadl b < 28N
T < - 22.1 *C ; Tav: 24,0
£ 1 .
22.7 °C
Holding 1.00 bhar
¢l 2 Tank <

0.y °C

Zyua 3-4 Myukd duaypappa tov @YK katd ) dadtkasio emaviyvéng ek Tov dvo

0126
8 20
Q0 =0
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Y

Condition of RIG: NORMAL OFERATION 1= 1-2016& 20511828, 89 00:008 10233

— : P B o B
MW7 L %1 -
1.02 bar Meating Test ; S 1.08 bar
C1 0GR 20) Tarlk - Bection - Tl PG
0.7 *I ££3 L T i
EECTTE. FOBE—— ; : RS a2
1 24,2
. Y 24,4
MF M1 YR ORI S, R R
: = , ' O 24,9
O 1pm ey o e———7r 2404
: ' 1| —.r 24,4
Fump ' Y o= S - 24,6

GV4 | - —i0F P
‘ ' , MEMZ  E |11y 2S00

Tavs 24,68
W 0 'lpm,_-—|

Holding | =22.8 eplil®] 1.02 bar
<l ' 20,7 °C Tank " :

—i|

Zyua 3-5 Myukd dudypappa tov @YK katd ) dadtkasio emaviyvéng €K Tov KAt



i. RIG.FOR

H povtiva RIG.FOR givat vtevBovn yia v €vapén, tov €Aeyyo Kot ToV TEPULOTIOUO
tov mpoypaupatog RIG. Axdun eivor vmevBovn yio v €UEPAVIOT TOL HUUIKOD
JLYPAULOTOS TG EYKOTAGTAONG VD eMiong eA&yyetl av Exel {ntnOel kataypagn 1 oyt

TOV TEPOLOTIKOV dEG0UEVOV KOl KOAEL TIC aVAAOYEG VTTOPOVTIVEC.

Koatd v emokdémmon g povtivag 060nke 1dwaitepn mpocoyn oto apyeio
EXCOB.DAT mov kaAel 1 povtiva Kot T0 0moio Tepléyel TANPOPOPIEC CYETIKA LLE TO
YPOUATIKO KOOIKO, LLE TOVS GUVTEAESTEG KOPEGLOV TOL VEPOL 1| UE KATOLES OTOOEPES
Tiwég Omwg elvar ot TéG TV ovvieheotdv Pabuovounong. Ov  televtaieg
TPOCIOPIcTNKAY LETA TO amoTeAécpata TG TeAevTaiog dtokpifwong Pabuovounong

7OV dlevepyNONKe.

ii. N.FOR

H povtiva N.FOR xoieitor and ™ RIG.FOR kot elvanr vrevBovn emmmpnong g
Kavovikng Aettovpyiag Tov @YK kabmg kot g epedviong otnv 006vn tov evdsifewv
TV otafudv pétpnong Tov KukAdpotoc. H povtiva avt) koieiton amd t RIG.FOR
otav dwmotmbel g 1 cwAnvoedng PorPida SV2 elvar avoyr Ko €tol To vePO

dépyetTan eErevBepa HEC® VTG Ao TO d0YEl0 PPaGLOD TPOG TO TUNLLO SOKIUMV.

Metd tov €éleyyo kot T HEAETN TG dOUNG NG POLTIVAG £YVOV TPOTOTOGELS GTNV
eueavion tev evoeitenv tov petaAloktav otnv 08ovn tov H/Y dote va sivon
CUUQMVESG LE TN OOIKAGTO ETAVAYVENS €K TOV KATMO OAAG Kot va gpgovifovtol Hovo

o1 gvoei&elg anTdV TV 6TadUdV HETpong Tov ypnotpomotovvral. 'Etot:

e dlaypdonke n epEAvion TV evociEewv BEPLOKPAGING TOL GLUTVKVOTH EVAD
e mpootébnke 1 £vdelgn tov devtepov poopétpov E+H2 (MFM2) nov Bpioketar

Myo mpv TV €{6000 TOV YUKTIKOV GTO TULO OOKIUMV.

Téhog, ot Aertovpyia bottom flooding, avtikatactdbnke otn oYéomn VAOAOYIGUOV
g OBepuokpaciog vToyvENg n Oeppokpacio TOL WYUKTIKOU GTINV KOPLPY TOV
Tunuoaroc Aokipuav pe ™ Beppokpacio Tov YuKTIKOH 6T0 KATO HEPOG TOV TUNHOTOG

Aokipuav:
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IDATAS: Beppokpacio yoktikoh otnv Kopven tov Tunuatog AoKipuamv

IDATAG: Oeppokpacio yoktikod 6to KATm HEPOS Tov Tunuatoc Aokiumv

. R.FOR

H povutiva R.FOR egivor vrevBovn emmipnong tng €KTEAECNG TOL TEPAUOTOC
EMOVAYVENG YOPIC KATAYpapn TOV ATOTEAEGUAT®OV. META TOV EAEYXO TNG POLTIVOG
aVTIKOTAOTAONKE ©Tn  oY€on  VTOAOYIGHOL NG  Oepuoxpaciog vadyvéne n
Oeppokpacio Tov YUKTIKOD 6TV Kopven tov Tunuatog Aokipumv pe m Bepprokpacio
TOV YUKTIKOOD GTO KAT® HEPOG ToL Tuqupotog Aokipudv, Ommg avagépbnke kot
TPOYOLUEVMG. AKOUN avTioTpdenKay ot Tég TV Beppoototyeiov TC3 kor TCI1 g
papoov (Zymua 3-2) otovg Ppdyovg eréyyov g Beprokpaciog TG EMPAVELNS TG

papdov, 6TWS PaiveTal TUPUKAT®:
Kodwog yro emavayvén ek tov vo:

IF (TB3.GT.TSIGN-100..0R.TB11.GT.TSIGN) THEN
Kodwog yuo emavéyoén ek tov Kdto:

IF (TB11.GT.TSIGN-100..O0R.TB3.GT.TSIGN) THEN

iv. ~RW.FOR

H povtiva RW.FOR egivar vrebBovn emtnpnong e eKTEAEONS TOL TMEPANOTOS
EMOVAYLENG [ KaTOypaPY] TOV amoterecudtov. Onmg Kot 6T Tponyovueves d0o
povTiveg mov avagéptnkav Kot €0® ot PaciKeég aAAAYEG MTOV 1 AVTIKOTAGTOGT TNG
Oepuroxpaciog 16000V TOV YUKTIKOD GTO TULO SOKILAV OAAGL KOl 1] AVTIGTPOPT|] TV
Bepurooctoryeiov TC3 kaw TC11 1600 cTovg Ppdyovg eréyyov g Beprokpaciog g
emeaveng g papdov 660 Kol 6TOVG PPOYOVS EAEYYOVL TOL TEPUOTIGUOV TNG

dwdwkasiog e emavayvéng, Omwg QaiveTon ToPoKATO:

Kddwkag eEréyyov teppatiopod enavayvéng ek Tov dvo:
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15601 IF (TB11.GT.TLFR+50..0R.
1 ABS(FLOAT(IDB11)-FLOAT(IDATB3)).GT.
2 0.02*FLOAT(IDATB3)) THEN ...
Kodwkog eEAEyyov TepHOTIGHOV ETAVAWYVENG EK TOV KATW:
15601 IF (TB3.GT.TLFR+50..0R.
1 ABS(FLOAT(IDATB3)-FLOAT(IDB11)).GT.

2 0.02*FLOAT(IDB11)) THEN ...

v. S1FOR

H povtiva S1.FOR cvykpoteitol amd dekatpeig EMUEPOVS VITOPOVTIVES O1 OTTOLES Elvat
vrevBuveg Yo v emrpnon tov OYK kot v aneikdvicn Tov Vo HopeN UKoV
dwaypbppotog. Ot ahdayég mov VIESTN N €V AOY® povtiva NTav CNUOVTIKEG KOOMOG

amoterel éva amd Ta Pacwkotepa Koppdtio Tov Tpoypappotos RIG.

H vrmopovtiva 1 omoio eivor 1 xVpro vevbovn yi TV EUEAVIOT] TOV HUIKOD
dwypappatog eivar m DISPL.FOR. TMopotmpdvtag Kot GLYKPIVOVTOG TO KO
Stbypappo g emavayvuéne ek tov ave (Zyqua 3-4) pe to0 TEMKO TPOTOTOUUEVO
HKO dtdypoppa T exovayvéng ek tov Kato (Zynua 3-5) yivetar Gueca avtiAnmtd
TG GTO TPOTOTOMUEVO ULUIKO OLAYPOLLLO SLypAeNKAY TANPOS KATO101 KAAOOL EVEM
Aot aAlaEav onuavtikd. o mapdderypo o KAGO0G atpov and to doxeio Bpacuov
0TO TUNUO OOKIU®V Om®g Kot 0 KAGOOG aTHOV omd TO TUNUO OOKIUDV GTO
SOUTVKVOTH Kol 6T GUVEYEW GTO 00Yelo GLYKEVIpWONG daypdonkav TAnpws. H
Tapovsio TV gv Ady®m KAAOWV 6To pIpiko dudypappa Beopndnke mepttt agov ta
de&oybévta mepdpata emavdyoéing g mapovoag AA Eywvav OAa KAT® omod
OTHLOGQAIPIKEG GLVONKEG Y®PIg va VITapEel peTa@opd atpod and To doyelo Ppacpov
oto tunua dokipav. IMopdAinia Opmg mpootédniay kot véolr KAASOL GTO HYKO
Swypappa. Moapdaderypo tétouwv kKAGO®V amotelel 0 KAGOOG E10AYWOYNG VEPOD GTNV
Két® kePoA Tov Tpquatog AoK®V Kot 0 KAASOS Omay®YNS TOL omd TNV (v

KEPOAN.
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Emniéov, n S1.FOR dwbéter ko vwopovtiveg eAéyyov g 010t0000¢ KOTAoTOONG
TOV COANVOEWOV PBoAPIO®V pE OKOTO TNV €QAPUOYN KOTAAANANG YPOUOTIKNG
Evoeling Tov KLAd®V coAnvoceny tov OYK aAld kot tov katdAAniov cvuBoiov
otav M coinvoedeic elval avoytn N KAEWGTY avtioTolo . L& GLVOVAGUO HE TIC
aAayég otn DISPL.FOR, kdmoteg vmopovtives amd antéc dtaypaenkoy TANPOS VO
GAAeg TpomomomOnkay eAappms. I'ia mapdderypa, ot vropovtiveg SOWAY.FOR «at
SIWAY.FOR ot omoieg elvar vmevBuveg yio tov édeyyo g diotafolc Katdotaong
™™g cwAnvoedovg ParPidag SV1 dwaypdonkav minpog apov n SV1 Bpicketar ctov
No”M dyeypappévo KAGO0 Tov atioD Tov GLUVOEEL TO d0YEl0 Ppacuod peE TO TUNUO

SOKIUDV.

Inuovtikég aAloyés vméotn kot 1 vropovtiva VALVES.FOR 1 omoio péca amd
Bpoyovg ehréyyov mov Owbéter eivar vmevBovn Yoo ™V TopokoAovONoM NG
KOTAGTOONG KOl TOV TECOAP®Y SOANVOEW®V PoarPidmv. Xta meEPAUaTO ETOVAYLENG
€K TOV KAt Opmg amapaitntog givatl povo o Ereyyog g o1otafols KatdoToong e
ocwANVvoeovs Barfidag SV2 arnd tnv onoia d1€pyeTaL TO YLKTIKO Yo va 0dnyn0el 6to
TR SOKIH®V KoBmG emiong kot e omAnvoedovs PoiPidag SV4 tov kAddov
napdkapync. ‘Etot, 6Aot ot Bpodyot eEréyyov Tmv coinvoedmv BaiPidmv SV1 kot SV3
drypaenkoy.

Téhog, 1 S1.FOR dwbétel kot vopovtiveg 6mmg givar 1 BACKGR.FOR mov agopd
TNV EMAOYN TOV YPOUATIKOV VTTOPAOPoL 6T0 0moio oyedAlETOL TO UIHUIKO OLAYPOLLLLLOL
kaBdg kot ot RESIS.FOR kot PWAY.FOR ot omoieg givon vrevBoveg epedvions e
dtotafoig KatdoTaomg TOV BEpUAVIIKGOV aVTICTACEDY TOV d0YElov Ppacpod kot g

avTALOG TPOPOOOGING AVTIGTOLYM, Ol OTTOIEG LETA TOV EAEYYO TTAPEUEIVAY AUETAPANTES.

vi. S2.FOR

H povrtiva S2.FOR cvykpoteiton and v vropovtiva BLOCK DATA DISPLMEN. H
vITopovTiva. ot amoteleitan amd douég Block Data 6mov avtistoryilovran diipopeg
petafintég ot omoieg SwBEToOLV TANPOPOPIEG YOO TNV OMEWKOVICY] TOL KOV
dwypaupatog otnv  oB6vn tov H/Y ypnowomoidvtog amokAswotika  ASCII
yopaxtnpes. Ot aAlayéC mov TpaypoTomomOnKay G€ avTH TN povTiva €yvav G€

ouvovaoud pe 11§ aArayég g vropovtivag DISPL.FOR dote va dwypagovv, va
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npootebovv, va petakivnBovv N va tporomonovv ot petafintéc tov Block Data

avéroyo pe TV emMCNTOVUEVT] TEMKT ELPAVICT] TOV UIUIKOV S0y PELLLATOG.

IMa mapaderypa, n petafint L403 mov avtiotolyel otnv TAnpogopio eLeAvions Tov
ovpPorov g cwinvoedoig ParPidag SV1 ¢ 5 °, dwypdenke and 1o ovrictoro
Block Data xafdc¢ kpifnke mepirti  vmapEn e AOy® dlaypa@ig Tov KAASOV 0TpHoD

amd 1o doyeio fpacol 6To TUNO SOKILMV.

vii. S3.FOR

H povtiva S3.FOR amoteleiton and empépovg vropovtiveg ot omoieg eivor vebBvveg

YL TV ELEAVIOT TNG KatdoTaong Tov Tunpatog AoKipuav.

Tn Pacwodtepn vropovtiva g S3.FOR amoteiei 1 RIGWAY.FOR. H vropovtiva
AT TEPIEXEL ELOMAEVLUEVOVS BpOYoVS 01 0Toiot EAEYYOLV T d16TOON KATAGTOoT TOV
ocwAnvoelddv Barfidwv SV2 kot SV3 kot Tng nAeKTpikig avtiotaons g pafdov v
TOVTOYPOVE. GLYKpivouv TN Beppoxpacio twv Bgppoctoyeiov g papdov pe
Oepuokpacio emavdyvéng (n omoio opiotnke 85°C mave amd 1t Oeppoxpacio
Kopeouov). Axoun, péco otovg i0ovg Ppoyovg yivetor oLYKPION KOU TOV
OeprokpacidV €10600V Kot 6660V TOL YUKTIKOV amd TO TUNHO doKIu®mv. Emeldn ot
Bpoyot eréyyov g dotafoic kaTdoTaon TV coAnvoed®v Baifidov SV2 kar SV3
etvan Eeyoprotol petald tovg kot dgv oAAnAokoaAivmrovior, OAot ot Ppdyot mov
neptEyovy v SV3 draypdeniav epocov o ELeyxdc e dev Kpidnke amapaitnTog evd
dtnphnkov Kot Tpomomomdnkay puoévo dcot mepiEyovy v SV2. H tpomomoinon
TOVG OPOPOVGE KLPIMG TNV OVTIGTPOPT] TV BEPULOKPAGIOV €160V Kot 5000V TOV
YUKTIKOD OO TO TUMUO SOKIU®V OAAG Kol TN O0ypa®r TV EVIOA®MV KANOoMG MoM

JLYEYPAUUEVOV DTTOPOVTIVDV.

Axoun, n S3.FOR mepiéyet kan dAleg vmopovtiveg ol omoieg givar vtevBLveS Ldvo Yo
™ XPOUOTIKY euedvion tov Tunupotog Aokipudv avdioyo pe tn Asttovpyion Tng
gykataotaonc. ['a moapdderypo, ot vropovtiveg TS.FOR ko TS47.FOR gpgaviCovv
™V Katdotaon g vrepBepuavieicoc pafdov oTIC TEPMTMOOEL EMAVAYVENG Kot
KOVOVIKNG Agttovpylag avtictoryo eved ot vropovtiveg TS46.FOR xar TS48.FOR
eupaviCoov v Ymapén N Oyt TOL OTUOV GTO TUNUA OOKIU®V Qopudloviog
KATAAANAO ypopotikd vrofabpo. OAleg avtég ot vmwopovTiveg mapEUevay ot idteg
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YOPig Kopio oAloyn oa@od M YpOUOTIKN euedvion tov Tuniuatog Aokiumv oe
nepintoon emavayvéng ivorl n 1010 eite Eyovue elGaymYn vepod €K TV AVM &lTE K

TOV KOTO.

viii. S4.FOR -S6.FOR

H povutiva S4.FOR amoteleitar omd tnv vmopovtive EUEAVIONS SOYVOOTIKMOV
unvopdtov WARNGS.FOR. H rtelevtoio xoleitar otav €xet oAokAnpwBel m
KOTOGKELT] TOV 0OpYElOL TOV TMEPAUATIKOV OEOOUEVOV KOl EAEYYEL AV Ol OPYIKEG
ouvOnkeg tov mepduatog mapépewvav  otafepéc kob’  OAn TN SdpKE NG
TEPAPATIKNG oadtkacioc. H dadwkacio ehéyyov yiveral péom KAONG TG POVTIVOC
S6.FOR 1 omoia dwevepyei Student’s tests peta&d tov 50 mpotov kot tov 50
TEAEVTOIOV TILOV TOV BEPLOKPUGIDOV ELGOI0V TOV VEPOL KOl TOV OTUOD GTO TUTLLOL

doxpmv kabmg kot ¢ wieong otnv €icodo tov Tunpatog Aokipumv.

O aAlayég mov emdéymmrke 1 WARNGS.FOR ftav 1 dwaypaen tov Bpdyov eléyyov
TOV TWWOV TG Ogppokpociog aTpHoy Kot 1 OvTIKOTACTOoN TV eVOEiEe®mv TOV
Beproctoryeion kat Tov pavopeTpov ov Ppickovtal 6Ty dve Ke@aAr Tov Tunuatog
Aoxipdv pe 116 avtiotoryeg evOeiEelg TV HETOALAKTOV oV eivar tomoBetnpévol otV

KATO KEPAAN.

H povtiva S6.FOR, n omoia nepihdppave v vropovtiva STUDENT.FOR mapépeve

g &xel Yopig Kapio tpomomoinon.

ix. S5.FOR

H povutiva S5.FOR zmepilouPdver vmopovtiveg Ponntik®v VTOAOYICUOV T®V
Oepuokpacidov ot  omoiec  avtioTolyoOV Ol OepUONAEKTPIKEG  TAOCES TOV
Bepuootoryeiov tomov K kat J mov vrdpyovv oe ddpopeg Béceic Tov OYK. Oheg ot

ev Ady® vtopovtiveg pevay apetdpfintes.
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X. STEM.FOR

H povtiva  STEM.FOR, nm omoia &ivar vmedbovny yio 10V vIOAOYIoUO NG
Oepurokpaciog Kopespnov, EUeve apetdfAntn apov TEPLEYEL TOVG TPATLTTOVG TIVOKEG

TéEoNG Kol OeproKpaciog KOPESUOD TOL VEPOU.

Oleg ot mpoavapepbeiceg povtiveg mov cvykpotodv 10 mpdypappo RIG yuoo v
EMTNPNON TNG EYKATAOTAONG KATO TNV emavayvén ek tov Katw, Bpickoviot

amonkevuéveg oto ovuvdedeuévo H/Y tomov IBM — PC tov OYK oo directory:
Ausers\niki\testl

3.4.3 Emioyn npoypapparog eravayving RIG

H xon tov mpoypdppatog RIG yuo v gmmpnon g eykatdotoong Kot v
EMOVAYVEN €K TOV KATO Yivetal LOVO €pOCOV 0 ¥pNotns PpiokeTon 610 KATAAANAO
directory (C:\users\nikiltestl) eved otnv mepintmwon mov o ypnotng Oéher va
napaKorovOncel ) Oadkocion TEWPAUATOV ETOVAYLENG €K TV Gve TpEmEL va

emotpéyel 6to apyko directory (C:\) mpv EavoakalEoeL TO TPOYPOALLLAL.

o Adyovg dievkOAvveng, omuovpyndnke éva batch opyeio to omoio &ivon
amonkevuévo oto apywkd directory kar evepyomolel omevbeiog to {nrovuevo
TpOypappe exaviyvéng avaioyo He TNV E€TAOYN TOL YPNOTN YOPIC vo eivon

amapaitn 1 yvoon tov path (povomatiov) tov katdAiniov directory.

H ovopooia tov batch opyeiov eivar REWET.BAT ka1 mapéyer tig €€ng 600

EMAOYEG:
1: Top rewetting
2: Bottom reflooding

ol omoieg kaAovV avtiotoyo dVo dloopeTikd .exe apyeia. ‘Etol, avaioyoa pe
dwdkacio g emavayvéng mov Aopfdavel xdpa, o YpNoTNG TANKIPOAOYEL gite TNV
evtom] REWET 1 1 omoia avtiotoyel oe mewpapato top rewetting, eite tnv evioAn
REWET 2 n omoio avtiotoyyei oe mepdpata bottom flooding kot apéomg

gvepyomoteitan To avtiotoryo mpdypappa eraviyvéne RIG.
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4. IPOTPAMMATA EIIEZEPT'AXIAX IIEIPAMATIKQN
AIIOTEAEEMATQN

Onwc €xer Mo avaeepbet, kotd ™ ANEN «dbe mepdpatog emavayvéng oo to

TEPAPATIKA dedopéva amodnkevovtal o€ va apyeio pe Hovadikd OVopa TG LOPPNG:
DDMMHHLL.YY

Ta melpopotiKd dedopéva oTo TEMKA apyeior TapEYOLV TANPOPOPIEC TYETIKA LE TIG
TEGES Ko TG Oeppokpaciec oV KOPLEN Kol 6T0 KAT® WHéPog tov Tunpatog
Aoxpov, TG Begpuokpaciec twv Bepuoctoyyciov TC2 éwg TCll kabdg kot v
TapoyN Tov poyvntikob poopétpov E+HI1. Axdun mapéyovv mAnpopopieg oyetikd pe
T1G Beppokpacieg TV nAekTpovik@v onpeiov tdyov tov Beppoctoryeinv Tomov K ko

TOMOoV J.

21N GLVEXEW TOV KEPOAOIOL OVOPEPOVTOL OO TO TPOYPAULOTO VTOAOYIGHAV,
OYEOWOTIKNG OMEKOVIONG KOl OTOTIOTIKNG enelepyaciog TOV — TEPUUATIKOV
LETPNOEMV TTOV EANPONGOY 6Ta TAAIGIO TNG TapovoT g AA Kot apopolV T TEWPALATO

EMOVAYLENGS €K TOV KATO.

4.1 Tpoypappa Lop@OoToiNo1G MEPAUATIKOV SeSopévmv

[Ipv v avdAivon TV TEPAUATIKOV dEGOUEVOV TPAYUOTOTOEITOL 1| LOPPOTOiNoT)
oV apyeiov mov mepiEyetl To dedopéva. H popeomoinon apopd tov doywpiopd tomv
evoeiewv o Ceymplotég omAeg Yo TN OlevkOAvvorn NG emeCepyaciog TV
OOTEAECUAT®OV HE TN YPNOYN Omoovdnmote Aoylopkoy makétov. H dwdikacio

Hop@omoinong mpaypatonoteito pe to Tpdypappo fortran rrewetting.fo0.

To rrewetting.f90 avaiapupavel va daywpioet Tig anodnkevpéveg TAnpogopisc oe 18
OTNAEG YPNOYOTOLDVTAG GVLYKEKPIUEVT popeomomon (format) yoa kdbe othin, n
omoio. mopéyetar amd v vmopovtiva iNit.f90. Ov omieg tov apyeiov &£6d0v
avTIGTOLYOOV  OTIS 0aKkOAOVOEC TIHEG TOV  OpYei®V  KATOYPOENS  TELPUUOTIKMOV
dedopévmv: ddpkel emavayvéng, evoeiEelg HETOAAOKTAOV TEONG AVe Kol KAT®
kepaAng tov Tuquotog Aokiudv ovtiotowyo, £€voelEn HoyvnTikoD POOUETPOV,

Oepuoxpacio nAektpovikov onueiov tayov tomov K, evoeilelg Beprooctoryeivv Tomov
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K ¢ xdto ko aveo kepaing tov Tunuoatog Aoxipudv ovtiotoryo, Oeppoxpacio
NAEKTPOVIKOD onueiov mdyov TuToL J, evoei&elc Twv Beppootoryeimv g pdfdov TC2
éog TC11. Zopewvo pe to format mov kabopiotnke, EKTOC OO TNV TPMTN GTHAN N
omoio. amoddinke ce TPAYHOTIKO aplOUd 2 ONUOVIIKOV Yoeimv PETd TO dekadtkd
onuelo, Okeg ot vmoOlowmeg OTNAEG omoddOnKav oe axépateg TEG S Oéocewv

CLUTEPIAAUPOVOUEVEOV TOV KEVOV PETAED TOVG.

IMa v ektéheon tov mpoypaupotog {nteitar amd 10 ¥pNoTN TO GVOUO TOV OPYEIOV
TOV TEPAUOTIKOV OES0UEVOV EVAD UETA TN ANEN TOL TPOYPAUUOTOS AapPdveTal Eva

pop@omompévo apyeio 18 otnidv tomov .dat pe povadikd dvoua:
DDMMHHLL.YY .dat

10 onoio ene&epydletal oTaTIoTIKA 6TN GuvErelo. To Tpdypapa rrewetting.fo0 kabmg

Kot 1) vropovtiva iNit.fI0 cuvtdyOnke ota TAaiclo g cvvepyaciog [91].

Avagépetar Tog ot 18 othiec tov apyeiov popeng .dat moapéyovv TAnpogopieg o€
ynolokn poper| (0 — 4095) ot omoieg 6t GLVEXELX EIval OTOPAITNTO VO LETATPATOVV
0€ KOTAAANAEG LOVAOEG TOV AVTIGTOLYOV (PULGIKOV LEYEOOLG TPV TN YPAPIKY| TOVG

OTEIKOVIOT] KO T1) GTOTIGTIKT] TOVG ENEEEPYOTTIaL.

4.2 Tpoypappa emeEePpyaciog LAG TIELPAUATIKNG TIPOGONUOLWOTC

INa ™ otatiotikn eneéepyacio TV deSOUEVOV TOV TEWPAUATOV ETAVAYLENS KAODG
KOl Yo T1 YPOQIKY] OTEIKOVION TOV OTOTEAECUATOV YPNCLULOTOMONKE TO TOKETO
ehevbepov Aoyiopkod R Statistics [93]. To R Statistics eivor évo Aoyiopiko
eAeLOEPOL KM TO 0T010 TPEYEL GE Aettovpyikd TeptBaiiovto UNIX, Windows kot
MacOS. Xpnoiponotgitoan kotd BAon Yo OTOTIGTIKOVG 6KOTOVS KaOMG dtabétel pia
TOAD PEYAAN TOIKIMO GTUTIOTIKMV GLUVOPTICEDV KOl YPAPIKDOV TEXVIKOV. 26TOC0, TO
Bacikd Tov TAEOVEKTNLO ATOTEAEL 1 EMEKTAGIUOTNTA TOV KAOADG divel Tn dvvatoOTTA
OTOVG YPNOTEG VO €160YAyouV VEEG PEATIOUEVEG GLVOPTNGELS OTNV NON HEYOAN

BpA0ONKN eyyevdV GuVOPTHGEWV TOL dloDETEL.
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2 OLVEYEW NG TOPAYPAPOL TOPOVCIALoVTOL Ol povtiveg emelepyociog g
TEWPOUOTIKNG  Tpocopoimong kabmg kot M €EEMEN NG TPOYPOUUOTIGTIKNG

eneepyaociag.

Mo tov éleyyo kol TV emInpnomn &vOog MEPAUOTOS EMAVAYLENG YPAPTNKE OTO
mAaiola g Tapovong AA To TPOYPULLLLL EXpRun.R4. To mpoypappa avtd Kaleitot

amd o Aoylopiko R Statistics ko mepthapfavet tig dvo akdiovbec povtivec:

1. Povtiva Functions.R: dwa0étel 11 cUVOPTACEI UETATPOTNG TNG YNPLOKNG
EvoelEnc towv Beppootolyeiny, TV NAEKTPOVIKOV ONUEi®V Tdyov Kol TOL
LoyvNTIKOD POOUETPOL GTO OVTIGTOLXO PUOIKO PéEYeBog Tovg. H poutiva avty
dev mapéyel amoteléopato aAld dnpovpyel Kot amobnkevel oto mepipdiiov R
TIG GLVOPTNOEL UETATPOTNG Ol omoieg €merta pmopel va KAnBodv amd Tig

POLTIVEG TOL KAOJIKA KATA TO dOKOVV.

2. Povutiva CheckEXxp.R: amoteAei 10 kvping mpoypoppa enelepyaciog tov
JEJOUEVMV UI0G TIEWPOUATIKNG TPOGOoimans. Anpovpyel mhaicto dedopévaov
(data frames) pe ™ Bepuokpaciaxn wwropia Twv Beppoctoyeiov e papdov
Kobm¢ ko data frames mov mapéyovv ) Oeppokpocio Kot T XPOVIKY GTIYUN
emavayvéng kabe Beppoctotyeiov ™ papoov. Axkoun eyypdoel oe apyeia
EIKOVOG TIC OKOAOVOEG YPAPIKES OTEIKOVIGELS LE GKOTO TN YEVIKT EMOTTEINL TNG

TPOGOUOIoNG:

e Elevation vs Time.png: mpokeltar yo. TN YPOUPIKH TOPACTACT] TNG
amootoong Tov Oepuoctoyeiov TCI1 émg TC4 and to Oeppoctoryeio
TC12 évavit g ypovikng otiypung emavayvéng tovg. Ilapddinia
extereiTol KoL o TN povTivol OTTAN YPOUUIKY OvadpOpY] HETAEL T®V

onueiov (Ewova I125).

e Elevation vs Temperature.png: mpoxettat yo T YpOQEIK TOPACTOCT TNG
amootoong Tov Oepuoctoyeiov TCI1 émg TC4 and to Oepupoctoryeio
TC12 évavtt g Beppokpaociog emavayvéng toug. Tapdriinia ektedeiton
OTTAY] YPOLUKT avadpopr] HeTa&y Tov onpeiov (Ewdva T126).

* H katdAnén R adopd aAydpLOROUC TOU OTATLOTIKOU TTAKETOU TIPOYPAUHATLOHOU R Statistics, driwc
ocuvtaxonkav ota mAaiola Tng AA.
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e Rewetting History.png: mpokertor yioo ™ YPOQEIK TAPAOTAGN NG
Oepuoxpaciakng totopiog tov Bepupootoryeiov TC3 éwg TC11 katd ™

dubpkela Tov mEPARaToS exavayvéng (Ewova I1127).

e Rewetting History and First Derivative.png: mpokeital yio TG Ypoupikeg
TOPACTAGELS TNG Beppokpaciog emavdyvéng tov Beppooctotyeimv évovtt
TOU YPOVOL KOODE KOl TOV TPAOTOV YPOVIKOV TAPAYOY®OV NG

Oepuoxpaciog twv Oepuootoryeiov (Ewkdva I128).

e Temperature and First Deriv. vs Time.png: mpoketton yio TG YPOPIKEG
TOPACTACELS TNG OEPLOKPAGING KoL TNG TPADTNG XPOVIKNG TAPAYDYOV TNG

Oepurokpaciog Tov Oepuoctoryeiov TCH Evavtt Tov ypdévov (Ewkova I129).

O aAyo6plBpog VTOAOYIGHOD TNG YPOVIKNG OTYHNG emavdyvéng kabmg kot g
Bepuokpaciog emavayvéng kabe otabuov pétpnong g papdov meprypdpetor oo
[Mopapmpata oto Kepdhowo §II5 evd oia ta apyeia edvog ameucoviCovior ota

[Mapaptuata oto Kepdiowo §I14.

4.2.1 Awdwkacio TpoypappoaTicTIKnG eEEMENG emeepyaciag Mag TEWPUANOTIKNG

TPOCONOIMONG
[Ipoypappatiotikd n e£EAMEN ™ voAoyIoTIKNG emelepyaciog £xel ¢ eENg:

U Katapybs o ypnomg mpénet va coéAbfel oto KotdhAnio directory omov

Bpiokovtot o1 TpoavapepOBeices pouTives e TNV EVIOAN:

setwd(dir)

6mov N petaPinty dir anotelei to path tov directory. To directory avtd ovoudaleton
working directory (wd). Ilpwv v ektéheon tov mpoypoupdtov R, eivar koln

TPOKTIKN VO OPLGTEL 0O TOV YpNoTh T0 WA T0 0moio mePIEYEL OAOVS TOVG KMJIKEGS.

U ’Emerta o ypnomg kaAel to mpdypappo EXpRUN.R pe v evroin:
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source(“ExpRun.R”)

X1V mepintmon mov 0 ypNoTg dev €xel opioetl e&opyng to Wd, pmopei vo Kahéoer

TO TTPOYPOLLO LE TOVTOYPOVY KANon Ttov path émov eumepiéyetar:
source(“dir/ExpRun.R”)
U XZm ovvéyewn gpeaviletor otnv 006vn éva mapdBupo Saddyov 1o omoio {ntdet
amd TO YPNOTN Vva TANKTPpoAOyNoel To kKotdAinio directory omov eivon

amoOnkevEVA T TTPOG EMEEEPYATTN TEPOAUATIKE apyEiaL.

Question

Directory path

Ci/Uzers/Miki/Desktop/phl experirnental/evaluation/T

QK Cancel

U0  AxorovBwg eppaviCetar éva akdun mapdbvpo dtokdyov 10 omoio {ntdel amd 10
YPNOTN VO EIGAYEL TO OVOLA TOV OPYEIOV OEOOUEV®V TOV TTEWPANOTOG TOV OEAEL val
enelepyaotel, mapéyovrag yua dtevkoAvvon og default amévinon ™mv katdinén
“.14.dat”, apo¥ 6Aa ta mepdpato TG Tapovong AA devepyndnkav to £tog 2014

He amoTtéAes o OAOL T apyeia OEOOUEVMV va, Exovy TNV 1010 KaTAANEN:

Question

Choose one experiment to check

| 14.da

QK Cancel

U Téhog, 6tav odokAnpwbei 0 mpdypappa dnpovpyovvtar 6to idto directory to

apyeio eOVeOV mTov NON TPoAVAPEPONKAY EVD GTNV TEPITTMGT TOL O YPNOTNG
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emBopet va emotpéyel oty 006vn TIG THES ad TO S10140TATO TIVOKO OEOOUEVMV

oL dNUoVPYNONKOV UTOPEL VoL TANKTPOAOYNGEL TIG EVIOALS:

finalData
timeData

tempData

oL omoieg mapéyovv avtictolyo TO OWdoTOTO Tivoka  dedopEVEOV NG
Oepurokpaciakng otopiog twv Bepuoctoyeiov g pdfdov, T ¥Povikn oTiyun
emavayvéng kdbe Bepuoctoryeiov g papoov kabdg kot T OBeppokpacio

emoviyvéng kdOe Beproactoryeiov.

4.3 Ipoypappua OTATIOTIKNG EMEEEPYACIAC TWV QAPXELWV MLOG

TELPAUATIKNG GELPAC TIPOCOUOLWDTEWV

Yto mloicw g mapovong AA  debiybnoav mive amd 1000 mepdpoto
npocopoimong ™ owdwkaciog ™ emavayvéng. Ola avtd ta  mepapata
opadomotovvtal o 18 cepég S0 mePapdT®V OTOV KATOYM®POLVTOL GOUPMOVO, LE TNV
TopoYnN TOL YUKTIKOD pécov kabmg kol 1n Oeppoxpacio vVIOWYLENG TOL OTMG
avaeépinke kot oy [Hopdypapo §3.3. H opadonoinomn towv mpocopodsemy divet
duvatdTTO. GTO HEAETNT] Vo Olgpevvioel 10 Pabud emidpacnsg TtV  apyK®V
GLVONK®OV TOV TTEWPAUATOG GTO PUIVOLEVO TNG EMAVAYVENG OTI™G eivar Yo Tapddety Lo
N Oeppokpacio LVAOYLENG TOV YLKTIKOD HEGOV, 1| TOPOYN TOL YLKTIKOL HEGOV GTO
KavéA  dokiumv kobdg kot M apykn  Oeppokpacicc TOL  TOYOUOTOS TNG

vrepBeppovisioag empaveiog.

2V Topdypaeo vty tapovctdlovtal ot poutiveg eneepyaciog TV OEO0UEVOV LLOG
TEPAUATIKNG GEPAS TPOGOUOIDCEMY ONMG €MioNG Kot Ta €EAYDYLUA apyeio. TOL
TPOKVITOVV PETA TO TEPAG TNG EKTEAEONC TOVG. OAa oL apyeiar KOVAG Ko KEWLEVOL

ancwoviCovtal ota [Hapaptiuata oto Kepdiowo §114.

IMa ™ perétn aAld kot ) otatioTikn enegepyacio TV dES0UEVOV TV TEPUUATIKMOV
TPOCOUOIDGEWV YPAPTNKE ota mAaicwo ™G AA 10 mpdypappa StatsRun.R oémov

KaoAEl T1G akOAlovBeg povtives:
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1. Povutiva Functions.R: n Aertovpyion g éxel Mon mapovolaoctel 6TV

napaypopo §4.2.

2. Povutiva VelocityQuenching.R: enefepydletoan kdbe £va meipapo pog
TEPOALOTIKNG GEPAG TPOCOUOIMONG EEYMPIOTA KO £YYPAPEL 6€ eEarydya .IXt
apyelo To TEPOAUATIKO OEOOUEVOL OV  APOPOVV TG MECEG TWEC NG
Oepupokpaciog vEOYLENg Kol NG TOPOYNS TOL WULKTIKOU HECOV TOV
EMKPOTOVGOV KOTA Tr OWIPKELD €EKTEAEONG TOVL KAOE TEPAUOTOC MG
nelpapotikng oepdg (Tlinlet.txt, Flow.txt). Axdpo n povtiva avth vroAoyilet
v apykn Beppokpacio Tov TOYOUOTOG NG PABOOL GAAE Kol TNV
avTioTPOPN TOYVTNTA EXAVAYVENG TG PAPOOL GOUP®VA LE TNV TOPAdOYN TNG
160TOYOVG  Kivnong tov vypoy petomov. Emiong vmoloyilet kot
Bepuokpacio emavayvéng tov Kabe Beppootoryeion Egxwplotd aAld Kot ™
péon Ty OAwv tov OBeppoctoryeiov (péon Beppoxpacio emovayvéng g
papoov). Ola avTd To OMOTEAEGLOTO TOV LITOAOYIGU®OV €YYpAQOVTOL GTO.
apyeion  kewévov (dataCooling.txt, reverse velocity.txt) yio wepotépw

eneepyacia.

H opywn Beppokpacioa tov toryydpoatog g pépfoov (Tw) vroroyiletor g M
EKTILOUEV HEOT) TN TV evdEiEemv OAV TV Beppoototyeimv petald tov TC10
kot Tov TC4 ) oty mov emavayvyetal to Oepuoctoyeio TC11. H toydvnto
emavayvéng opiletor g T0 mNAiKo ™G amdotoons petald Tov Oeppoctolysiov
TC11 xor TC4 g papoov (711.2 mm) kot Tov xpoévov mov ypeldleTar to vYpod
pétono va «taséyeyy petald toug. H deién tov vypod petdmov oe éva
Bepurokpaciokd otadfpd vroroyiletar amd T0 onueio KOUmNg g OEpLOKPAGIOKTG
otopiog Tov oTafpov Ko vToAoyileTon amd TO EAAYIGTO TNG TPATNG YPOVIKNG

napaymyov (TTapaptiuata §I15).

H mapadoyn tg cotayodg kivinong tov vypob petdmov emPePaidvetonr and to
Swypappo oty Zynuo 4-1. 1o Sudypoplo. OTOTVTOVOVTOL TO. CUElo NG
anootaong tov Beppooctoryeiov TCI1 éog TC4 amd to OBeppoctoryeio TC12
&vavtl Tov Ypovov emavayvéng tovg kabm¢ emiong Kot 1 gvbeia avadpouns pe
EKTILOUEVO OULVTEAESTN YPOUUIKNG ovoyétione ico upe 0.9821. Tlapdpoia

CLUTEPLPOPE TALPOTNPELTAL GE OAOL TOL TEPAUATO ETOVAYVLENG.
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Zyua 4-1 Amoctaon Beppoototyeimv TC11 émg TC4 and 1o Beppooctoryeio TC12
EvovTL ToV YpOovoL emavayvENg toug (meipapa No 12051143.14)

3. Poutiva PlotsTextsQuenching.R: dwpaler ta apysio kewévov mov
dnuovpynnkav amd t povtiva VelocityQuenching.R xat mopdyst apysio
€EO600V GE LOPOPT EIKOVOG PE OKOTO TNV AVAADGOT) TNG O1001KAGT0G ETAVAYLENG
HEC® TNG OEPEVVIONG TMV GUCYETICEMV TOV OVOTTOGGOVTOL UETAED TV
TOPUUETPMOV TOV TEPAUATOSC. XTI GUVEXELDL OVOPEPOVTOL TO. apyeiol EIKOVOG

TOV OMOVPYOHVTOL KATE TNV EKTEAEST] TNG TOPOVGOS POVTIVOC:
o Tw-revVel.png: mpokettar yioo dV0 ypapikég mopactaoels. H mpot
amotedel 1O Sudypappo SCTOPAS TMOV CNUEIMV TNG aVTIoCTPOPNS

ToybvTNTOg  emavayvéng €vovit g  apyikng  Oepupokpaciog tov
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TOYOUATOS TNG paPoov. H devtepn amotedel 1N yYpapikn Tapactoom
T0V afpOoIGUATOC TOV TETPUAYOVOV TOV VIOAOITOV TNG YPOLUIKNG

ovoyétiong (Ewova I130):

4-1

To Odypoppo TG KOTOVOUNG TMV LTOAOITMV OTOTEAEL 0L OTTIKY
EVOEIEN  amoppyng M OmMOOOYNG TNG  YPOUUIKNG  OLVAPTNONG.
YUYKEKPIUEVE, T TUYXOIOL KOTOVOU TOV VLTOAOIM®V 00nyel otnv
Aod0Y| TNG MPOTEWOUEVNG YPOUUIKNG GUGYETIONG EVM 1) U1 TUYOIOL
Katavoun odnyel oty amodppyn g [94].

e Tw-Tgmean.png: mpoKeLTOL Yo TN YPAPIKY] TOPACTOOT) TOV onUeiwv

™m¢ puéong Beppokpaciog exavayvéng e papoov Evavtt TG apytkng
Bepurokpaciog Tov Toyydpatdc g (Ewova I131).

e Tw-Tq6.png: TpOKELTOL Y10 TN YPOUPIKT TOPAGTACT TOV TELPOUATIKOV
onueiov g Beppoxpaciog emovdyvéng tov Oeppoctoryeion TC6
EvavTl TG apykng Beppoxpaciog Tov TotydpaTog ™G papoov (Ewkdva

1132).

e Tw-Tq (all TCs).png: mpoxeltal ywoo T YPAPIKY TOPACTACT TOV
onueiov g Beppokpoaciog emavayvéng tov Kabe Beppoctoryeiov
Eexoplotd Evovil g apykng OepHoKpaciag TOV TOLMUATOS TNG

papoov (Ewova I133).

4. Povtiva Statistics.R: vroAoyilet pe ™ pébodo tov erayictOV TETPAYOVOY TN
YPOUUIKT CLGYETION UETOEL TNG avTioTpoens Beprokpaciog emavayvéng kot
™G apykns Bepprokpaciog empaveiog e pafoov kot dnpovpyet Eva apyeio
e€ddov pe 10 Ovopo Stats.txt. Xto apyeio €£6dov eyypdeoviar OAeC ot
GTOTIGTIKEG TOPAUETPOL TTOV OPOPOVV VTN TN GLGYETION OTMG €ivor Yo
TOPASELY O Ol TAPAUETPOL TNG OVAOPOUNG KOl TOL SOAAUATO TOVG, Ot OEiKTEG
npocapuoyns R kot RMS kabd¢ kot o1 HEGEG TIHES KOl 01 GYETIKEG AMOKAICELG

TOV HETARANTOV TN AVOOPOUTNC.
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431 Awdwkaoio wpoypoppatioTikig e£éMEng enelepynciog Tov apyeiov puog

TEWPOUATIKIG OEPAS TPOGOUOIMONG
H poypappatiotikn dtodikacio £xel og eENg:

U TIIpw v KAnon tov mpoypdupatog, o ypiotng mpémel vo PePormbel otL £xet
KatePdoel amd To diktvo TV apyeimv g R Statistics [95] kot £xel eykataotiost
™ BipAobnkn povtivov R “psych” [96], n omoia kakeiton ot GLVEXEWD TOL
npoypaupotog. H Aqyn kat 1 eykotdotoon g oto Aoyiopkd R Statistics yivetan

€0KOAQ LLE TNV EVTOAN:

install.packages(“psych”)

U AxolovBwg, o xpnotng mpénet vo oryovpevtel 0t drobétel éva apyeio list.txt péoa
0TO (PAKEAD TOV TEPOUATIKOV dedopévav ov eivar mpog eneepyacia. To apyeio
avtd Bo mepExel Ta ovopaTo TOV apyelov TV dEdOUEVOV TOV KAOE TEPALTOC
LL0G TEWPAUATIKNG GEPAG Tpocopoimong kot Bo KaAeitan amd o TpdypapLLLe KOTd

™V évapén Tov.

U X ovvéyela yivetor KANom tov mpoypdupatog StatsRun.R pe v evroin:

source(“StatsRun.R”)

U Metd v «Aqon tov mpoypaupatog Cnteitor amd TO YPNOTN, UE TN HOPON
Topadvpov dahdyov, va gledysl to KotdAAnio directory émov Ppickovrarl to

apyElo TOV TEPAUATOV.

AtevkpviCetor og avtd TO onueio OTL TPOg SEVKOALVGN TOL YPNOTN KOl AVTL VoL
glodyeton Egxoplotd to dvoua kdbe melpapoTicod apyeiov, OAL TO. OVOLATO TMV
npog enefepyacio TEWPAUATOV UTOPoHV VO KATOYPOPOVYV G éva apyelo e TO
6vopa list.txt to omoio koAeitar amd to mPOypouua O6mov pe ™ Pondeia evog

enpoievuévou for Bpdyyov eneepyaletar kabe mepouatikod apysio e AMotag.
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U  Zm ovvéyela avoiyetl Eva mapdBvpo d1aAdyov T0 omoio (ntd To Prua peTa&d Twv
TEPALATOV OV lvar mpog depedvnon. To mapdbvpo dtaldyov mov gppoavileTon

otV 006vn TapatiBeTon 6T GVVEYELL:

o =

Question

Give step of sequence

QK Cancel

YKOTOG aVTOV TOV Tapadvpov dtokdyov givatl va dobel 6To ypnoT 1 dvvatdTnTo
emMAOYNG TV TANBOVS TV TPog dlepedivion mepapdtov. o mapddstypa av o
ypNotng Bérer va depevvioet 500 mepapata petacd 1000 pmopel vo ddoel 6To
avadvopevo mapdbvpo v Ty 2. Mg avTOV TOV TPOTO UEIDOVETOL CUOVTIKG O
VTOAOYIOTIKOG XPOVOG Kol o ypnotng Ba umopel va €yel pia mpaTrn, ypnyopn

EVTUTIOON NG £EEMENG TNG TELPOUATIKTG S1OOIKOGIOGC.

U Télog, petd TV OAOKANP®OT TOL TPOYPAULIATOS, OA TO TPpOoaVAPEPBEVTA apyeia
e£0dov amobnkevovtor oto working directory kot o ypnotng eivor TAéov oe Oéom

Vo opyiceL TN SlEPELNON TOV TEPUUATIKAOV TPOGOUOIDGEWDV.

AvVOATIKY TEPLYPOPT TOV CTLOVTIKOTEPOV EYYEVMOV cuvapthoemy Tov R Statistics

mov ypnopomomdnkay tapatifevron ota [apapmuata oto Kepdioto §I15.

Ola ta mopamdve Swypdupoto kabmg Kot to apyeion €600V OV dNUOVPYOVVTIL
YPNOUOTOLOVVTOAL YL TN OLEPEVVIOT TOV PALVOUEVOL TNG EMAVAYLENG TOGO amd T
QLOIKN TAELVPE TOL 00O Kol Omd TN OTOTIOTIKY] TAEVPA Tov. To cuvaEY|

CLUTEPACLATO TTOL TPOKVTTTOLV GYoAdlovTal 6To emdpevo Kepdiaio 5.
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5. IEIPAMATIKA XYMIIEPAXMATA

Kotd v emeepyacio oV TEPAUOTIKOV OTOTEAECUATOV TOV TPOCOUOUDCEMV
EMOVAYVENG LE TANUUVPIOUO, TPOEKLYAV OLAPOPE OVCLOOTIKE GUUTEPAGLLOTO TOV
a(QOPOVV TOCO TO QUOIKO UNXAVICUO Emavayvéng 060 kol Tnv emidpoocn TV
TEWPAPATIKOV TOPAUETpOV otV e&éMén ¢ Swdwkaociag. YmevBopuiletonw 6t TOL
TEPAATO £YIVAV GE OTUOGPAUIPIKEG GUVONKES, GLVOPTNGEL TG TOPOYNG EIGOG0L TOL
vepoL, NG LIOYLENG otV €16000 TOL TUNUOTOS OOKIUMMY KoL TNG OPYIKNG

Oepuoxpaciog Tov Tory®UAToS TG PABdoL.

2 GLVEYEL TOV KEPAAOIOL YIVETOL 1 EMOMTIKY] TOPOVLGINGT TOV TEPOUUONTIKMV
OOTEAECUATOV UECH KATOAANA®V YPOPNUATOV VA ovaAvoviotl Kot exelnyodvton
olo ta cvumepdopata mov e&yOnoav omd TG TEWPOUOTIKEC TPOCOUOUDCELS TNG
wapovong AA. Axdéun, vyivetor Kol aVOAVTIKY]  TEPLYPOPYT] 1TNG OTOUTIOTIKNG
eneepyaciog mov mpaypatomomOnke mPW TPOTAOOVV Ol TEMKES EUTEIPKEG Kot

NUEUTEPIKES GUGYETIOEL.

5.1 AvaAucT) TOL QUGLKOU HNYXAVIOROV eEmavaPuéng

To Zynua 5-1 amoterel to 7ypaenmua g Oepuokpaciokng otopiag TV

Bepuoctoryeiov katd T ddpkela TG emavayvéng g papdov.
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Zymua 5-1 Adypappa g OEpHOKPACIOKNG 1GTOPIOG TOL TOLYDOUOTOS TG Pafoov
Katd T ddpketo mepapatoc exovayvéng (meipapo No 14051043.14)

Yvykekpyévo, mopovowdletar M petofoAn g Oeppokpaciog  kdbe  evog
Bepurooctoryeiov g péfdov Katd ™ SdpKeln EVOG TEPAUOTOS EMAVAYLENS €K TMOV
Katw. Xopaxtnpiotikd givatl 1o yOvu ¢ KABe KaUmOANG Tov avTioTtol el otnv aeién
TOV VLYPOL HETOTOVL GTOVG OvTioTOrKovg Beppokpaciakovs otaduots. Evolapépov
emiong mapovotdlel N cvverNS, oXeOOV YPOUULIKTY, TTT®OoTM NG Oepuoxpaciog mov
napatnpeitor oe OAa ta Beppooctoryeio Ko 1 omoio drapkel péypt ™ oTIYU| NG
EMOVAWYLENG TOVG OmOL AoV M mtdon NG Oepuokpaciog yiveror amdtopa. Ev
ocvveyeio Ko HETA TO YOV, Ttapatnpeital Al otadlokn peiwon g Bepuoxpaciog
kéBe otabuod €wg O0tov elowbel pe 1 Beppokpacio Tov YukTKoH HECOL KO
oAoxkAnpwBel to melpapa. Fevikd, ta mepdpoto ohokAnpodvovtal 6tav 1 dpopd

Bepuokpaciog petad tov Oeppoctoryeiov TC11 kot TC3 eivan pikpdtepn twv 5°C.
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Koatd ™ dudpkeln ektédeons ToV TEPAUATOV ETOVAYVENG TopatnpiOnke and Tov
TEPOUOTIOT], HEC® TNG OMTIKNG OLVOTOTNTOC TOV TOPEXEL TO TLPILOYO YLAALVO
KovaAl tov Tunuatog Aokipudv, mog aviioyo pe to péyebog g TOpPoyNg TOv
YUKTIKOD péGOL otnv €icodo Tov Tunuatog Aoxipumv Aaupdvovv yopo Kot
SLLPOPETIKA Potvopeva vorrayng Beppdtntog petald g papoov Kot Tov YUKTIKO
HECOV. TNV TEPIMTOON TOV TMEPAUATOV ETAVAYLENG HE YOUNAO pvOUd Tapoyng
YuKTIKoO pécov kdtw tav 0.012 kg‘s'l, 0 TEWPAUATIOTNG glval g BEon va evtomicet
LEe EVKOALN TN 6TAdIKN (vod0 TOL VYPOD PETMMTOVL €Ml TNG LIepBeppavOeicac pafdov.
To vypd pétomo amoterel 10 Opro mov dywpilel T paPdo oe VO TEPLOYES: TN
GTEYVI] TEPLOYN KATAVTN TOL VYPOV UETOTOL KOl GTNV VYPN TEPLOYN AVAVIN QVTOD
(EMua 5-2). e autv TV TEPIRT®ON O KLPLOTEPOG UNYOVICUOC HETAS0OMG
Oepuomtog mpayuatonoteitor pécw aovikng oymyng kot pmopel  va OewpnOel
LLOVOJIACTOTOC EVA TO QPOVOUEVO NG TPOdPOUNG WOENG emnpedlel eAdyioTa T
dadwkacio [39]. Ao v GAAN HEPLE, GTNV TEPITTMON TOV TEPUUATOV ETAVOYVENS
pe vYNAo puoUd TAPOYNG WLKTIKOD, TO VYPO UETOTO Kat 1 Kivior Tov enti g papoov
dev yivovtol pe evKoMa SLOKPITA. € OLTHY TNV TEPITTOON O TEPAUOTIOTHG EIVOL O
Béom vo TapoTNPNOEL GTO KAVAAL SOKIUMV TEGGEPLS OLOPOPETIKES TEPLOYES: TNV LYPN
TEPLOYN OVAVTI TOVL LYPOV UETMOMTOL, TNV TEPLOYN TOL VYPOL UETOTOV, TNV TEPLOYN
KOTAVTN TOL LYPOV PETOTOV KOl TNV TEPLOYN] KOVTA GTO avATEPO TUNHO TS PEfdov
omov mepiPdAletor amd dackopmopéva  otayovidln kot atpd  (Zynua  5-3).
YUYKEKPEVO, 1| TEPLOYN TOL VYPOL UETOTOL &ivol UL TOAD GTEVY TEPLOYN OTNV
omoio. mpaypatomoleitor 1 petdfaocn amd tov €viovo petofatikd Ppoacud otov
€oTokO Ppacpd Kot avayvopiletor amd Tov vynAd puiud mapaymyng eLGOMOmV.
XV mePLoyn KOTAVTN TOL VYPOV HETOTOV N Pafdog eivor oteyvr Ko mepiBdAieTan
oo £€vo GTPOUN ATHOD TEPUETPIKE TOL Omoiov mapoTNPEital SOKTLALOEWNG pon
VYPOL kol PUoAAId®V atpnoV. Téhog, N Tétaptn meployn eivor edkoAa avayvopiciun
kaBmg Eextva amd 10 TEAOG TNG GTNANG VYPOL TNG TPONYOVLEVNG TEPLOYNG KOl PTAVEL
puéxpt v dve ke@aAn g papdov. Xe avtiBeon pe v mepintoon emaviyvéng pe
YOUNAO polud mapoyng pdlog, ed®d T0 ovopeEVo TPAdpouns WwHENS stvar kupiapyo
EVD O pNYoviopog petddoong Beppomrog mpénel va. Bempeitor mAéov 6160146TATOG
[39]. Ot mapatnpioeicantéc evioybOnkay Kol amd TN HEAETN TOV YPOUPNUATOV TNG
Oepuoxpaciakng 1otopiag Tov Beppoctoryeimv 6mov epeaviovion gvotdKpita ot dVo
SPOPETIKEG TEPMTMGELG emavayvéng (Zynpata 5-2 kot 5-3). And 1o ypapnipoto
yivetor ovtiAnmtd TG ot d00 KOUTOAES €YXOLV  ONUOVTIKEG OMOLOTNTEG Kot
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TEPLYPAPOVY TOPOUOIOVG HNYOVIGHOVS emavayvéng. Eviovtolg, n mepoyn oOmov
epeavifovrat  6TAAN LYPOLH Kot 01 PLGOAIGES ATHOV KATA TNV ETAVAWYVEN LE LYNAO
pPLOUO TOPOYNG WUKTIKOD, OmOTEAEL TNV €100TOL0 JAPOPd TV OV0 TEPMTOCEDV
emovayvéng Kot etvor avt| mn omoila dwywpiler ™ pafdo amd 600 o TPELS
OLLPOPETIKEG TTEPLOYES. X OLTO TO ONUElo, amoTeAel evilPEPOV 1 CLYKPIOT TOV
QOVOUEVDV HETAO00T G BEPUOTNTOC TOV TTOPOTPOVVTOL KOTH TNV ETMOVAYVEN €K TMOV
KAT®O UE TO POIVOUEVO, TTOV AQUPAvVOLY ydpa Katd TV emavayvén ek Tov ave [12,
92]. To vypod péteno amoterel Kot TAAL T0 Opl0 SLo®PIGHOD GTEYVNG (KOTAvTn) Kot
vypN¢g (avavin) meproyns. Omme Kot mponyovpévme, 1 evaiiayr amd LETAROTIKO GE
€0TIOKO PPacUd YIVETOL GTNV GTEVI TEPLOYN TOL VYPOV UETMOTOV. Q0TAGO, 1 £viovn
TOPAYOYN QUCOAIO®V Kol 1 HETOED TOVG mapéuPacn, odnyodv ot datdpaén g
GKPNS TOL VYPOV UETAOTOV KOl GTNV ATOKOAANGT TOV altd TNV EMPAVELD TG PAPOOL.
And avtd to onueio kol €merta, OWKOMTETOL 1 EMOPN, TOL VLYPOL UE TNV
vrepBeppovisioa paPoo AOym £vOg GTpdUATOG atoD oL gykabicTatonl HETOED TOVG
Kot 1 Paputiky amoterel T puovn dHvoun mov emdpd oty Kivion tov vypov [64].
Onwg kot otV mepintmon enavdyvéng ek tov KAT® pe YaunAd pvbud moapoymg
YUKTIKOV, KUPLOTEPOG UNXAVIGUOG peTadoong Beppomntag eivor n a&ovikn aymyn
®otdco 1M Odkacio emnpedletar ¢ €vav Pabud kot amd TO EOVOUEVO TNG
TPOdpPOUNG WOENG Kot Tn petdooon Oeppotntog AOy® oktvoPoiiog HEGH TOV
oTp®UaTog atpov. Ocov aeopd TOpA TO TEPAUOTO ETOVAYVENS €K TOV KAT®, O
TPOGIOPIGHOG VYNANG Kol YOUNANG TopoyNS YUKTIKOL eEaptdtan and N yempeTpia
TOV KOVOAOU SOKIUMV TNG KAOE TEWPAPATIKNG EYKOTAGTACNG GTNV OTOi0, EKTEAOVVTOL
TOL TEPALOTO ETAVAYVENS HE TANUUVPIGUO. TNV TEPITTMOON TOV TEPAUATOV TOV
EhoPav yopa kotd T dwdpkew g mopovoag AA kol émerta omd avAALON TV
YPUPNUATOV TOL TPOEKLYOV LETO omd KAOE TEPAUATIKY TPOGOUOIMON, OC YAUNAOS
puOUdC Tapoyfic Tpocdiopictnie N mapoyy amd 0.012 kg-s™ kat KGTo, EVEG 0L TAPOYES
YuKTIKoD ave twv 0.017 kg~s'l BeopnOnkov vymiés. [Ma v Teployn TGOV TAPOYNS
petacy 0.012 kg-s'1 wo 0.017 kg-s'l dev devepynnkav mepdpato. Evvogiton tmg 1o
péyebog g mapoyng eEaPTaTAL Ao TN YEOMUETPIO TOL KOVOALOD SOKIUMV KO Ol TYUES
aUTEG OEV UTOPOLV VO oLYKPBoUV dupeco pe TIC TWEG GAA®Y €PELVTMOV OV

TEPOLATIOTNKOV GE UIKPOTEPO KOVAALL SOKILMV.

2 ovvéyela g AA, oty mapdypago 5.2.1, yiveton po mpoomabeto peAETN NG

EMIOPAONG TNG YEMUETPIOG TOL KAVOALOD OOKIU®MY GTNV TOYVTNTO ETOVOWYVENG U0G
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vrepBepuavisicag pafoov pe m ypnon addotatwv peyebodv. Me avtdv tov TpOTO

umopel va yivel QKT 1 €Upecn ocvykKplon tov peyéBovg tov puOuol TapoyNg Tov

YUKTIKOD HEGOV GTO GUVOAO TMV TEPULOTIKMDV EPYUCIDV.
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Zyua 5-2 Adypappa g Bepprokpaciokng 1otopiog tov Beppoctoryeiov TCO g
papoov Katd tn ddpketo mepdpatog eravayvéng (reipopo No 13101105.14)
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Zyua 5-3 Adypappa g Bepprokpaciokng 1otopiog tov Beppoctoryeiov TCO g
papoov Katd tn ddpketo mepdpatog eravayvéng (reipopa No 19051047.14)

Otv mponyodueveg TEPMTOGES EMOVAYLENS KOODS Kot T  QOLVOUEVO  TTOV
TOPUTNPOVVTOL KATH TNV EKTEAECT] TOV TEPAUATOV GLUE®VOVV pe TN BifAoypagia,
aQov OAEC OVTEG Ol TOPOTNPNOELS YOV MO avaeepBel o TPONyoOUEVES EPYOCIES
eMOVAYLENG €k TV KAt ot vrepBepuavOsices papdovg oAAd Kot ce paPoovg

TOPNVIKOL Kowaipov [64, 13, 22, 97].
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5.1.1 Atpomapaymyn Kol TTMOon migong

Koatd v ektédeon TOV  TEWPOUATOV, EVOOQEPOV  TAPOLSINCE 1 VYNAN
ATUOTOPOY®YN 1) OToio, TapoTPNONKE EVIOVA GTO TEPAUOTO ETAVAYLENS HE VYNAD
pLOUO TOPOYNG WUKTIKOD. Xe TOAEG TEPMTIMOES TEWPAUATOV 1 avENUévn
OTUOTOPUY®YN UTOPOVGE VO TPOKOAEGEL ONUOVIIKY TTOON TIEONG OTO KAVAAL
dokiudv kabmg kot Pudion kol avTioTpoEn NG PONg ToL YukTiko (Zynua 5-4).
Qo61660, 68 KAOE TEPITTOON, 1 POT) EMAVEPYOTAV GTNV APYIKT TNG TN KOt TO TTEIpOpLaL
oAokANpvoTay. Ol TOpATNPNCELS OVTEG £YOVV Yivel avVTIMTTEG KOl omd OAOVG
TEPOUOTIOTEG Ol OTTOI0L KO TIG OEIMOAY GTO QPUIVOUEVO OEGUELONG OTHOV (Steam

binding effect) [29, 30], 6nw¢ avardibnke oM oV TOPAYpOaPo § 2.2.2.

To @awvopevo g Podiong €yve avtinmtd ota mepdpato exavayving pe veoyvén
25°C oe mapoyés yuktikov omd 0.025 kg-s'l ¢ 0.050 kg's'1 Kabmg kol ota
TEPALOTA KopesHov kot moapoyng 0.042 kg-s'l. Meyarbtepng dwdpkelag Pudion
LETPNONKE OTA TEPANLOTA KOPEGLOL OTOV TO Pavopevo pmopel va dapkovse 30-45 s

EVD OTO TEPALOTO VTTOYLENC, M OdpKELR TOL Parvopévoy petpndnke ota 10-15s.

Evdwpépov mapovcialer n perétn g emidopacng tov @owvopévov Pobiong pong
ovykpwopevn pe v Bepupokpaciokn otopion  dVo  Beppoctoryeiov:  evog
Oepupootoryeion mov katd TN Sdpkel T POOONG TG TAPOYNG TOV YUKTIKODV,
Bpioketon oM otV mepoyn ™S pAPOOL OOV GLVLTAPYOVY PLGOMOEG OTUOD UE TN
othAn vypov (TCB) ko gvog Bepuootoryeiov 0mov Bpicketar oty Enpr TEPLOYN TG
pafdov (TC4). Ocov agopd to TCB, yivetor avtinmtd and 1o Xynuo 5-5 mwg dev
vrdpyel Kapio aAAayr TNV KOUTOAN NG Bepprokpaciokmg wotopiog Tov. Qotdco, dev
oYVEL TO 1010 KO Yo TNV TEPLoyn TG papoov kovid otov otabud TC4, dmov kot
napatnpeitor andtoun mrdomn g Beppokpaciog g mov dSwapkel 660 dropkel 1M
EMOVOPOPA NG TapoyNG WALAG TOL WUKTWKOD amd T UNOEVIKY] GTNV OPYIKN TNG
otafepn Tiun. H andtoun mtdon g Oepprokpaciog aviiotoryel oy Eapvikn aAioyn
TOV UNYOVIGHOV HETAOOONG OeproTnTag OOV 00 LOVOSIAGTAGTOS YIVETOL QITOTOOL
dodldotatog. Metd v emavaQopd TG mopoyng LAlHG TOL YUKTIKOD GTNV opyLkKn
™G T, M emavayvén ohokAnpovetar pe otafepd mhéov puouod yia to Beppoctoryeio

TCA4.
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Zyua 5-4 Adypappo g topoyng HACag Tov YUKTIKOD KOTA TN SLAPKELN TEPALOTOS
enovayvéng (neipapo No 01101100.14)
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5.2 MeA£Tn TG TAYXVTNTAC EMAVAPuEnG

"Eva and ta avtikeipeva pehétng g mapodong melpapatikng AA amotelel 1 ektipnon
T0v pLOpoL emavdyvéng g vrepBeppovisicas emedvelng kot OwitEPO O
TPOCOOPICUOG TOV TOPAUETP®V 7OV TOV emmpedlovv. Amd 10 oUVOAO TNG
Biproypapiag (Kepdrowo §2) éxer dwamotmbei mog n toydmmra emavayvéng
emnpedleton OeTikd pe v aénon g TapoyYNG TOV YLKTIKOV HEGOV KOOMG Kol amod
™V avénon g VEOYLENG VM GLOYETICETOL OPVNTIKA LE TNV apyIKY Beprokpacio g
vépBepung empdvelag. Ta dwypdappato ota Xynuoto 5-6-5-8 amewkovifouv 10
OUVOAO TMOV TEPAUATIKOV CNUEI®V TNG aVTIGTPOPNG TOYVTNTAS EXAVAYVENS EVOVTL
™G apyknG Beppokpaciog Tov Toy®UATOg TG PAPoov oTo TAaicLo TG TAPOoHONG
AA. H poopn opildvtio ypappn ometkovilel Ty aviictpoen tayiTnTo TANUUVPIGHOV
oV avTioTolyel og KAOBe mapoyn. 2 TayvTNTE TANUPLPIGROY opileTon N TayvTNTO
TOV vEPOV GTO KAVAAL dOKIU®V OTav dev LIThpYeEL peTapopd Beppuotntog petald g
papoov dokymv kol tov gpyalopevov pécov. AmO TNV MOPATHPNON TOV
SWYPOUUATOV OVTOV YIVETOL OVTIMNTTO TTOC To TOPOVTO TEWPOUATIKE dedopéva
Epyovial 6e TANPY GVUEMVIN LE TO TPOAVAPEPHEVTO GUUTEPAGLOTA TOV VTOAOIT®V
EPELVNTAOV OGOV aPopd TV e€ApTNon Tov PLOLOY emavayvENG Ao TV TaPOYY|, TNV

VIOYLEN Kot TNV apykn Bepprokpacia g papoov.

EmumAéov, 1o mapokdto SoypaUIoTo TPOSPEPOLY TANPOPOPIES OV APOPOLV TO
mepapota ovtd Kabeavtd, Onw¢ mpaypotorombnkov ota miaicwe g AA. T
TapAdELYpa, Ta mEpdpata Tov dieEnydnoav oe mapoyn yuktikov 0.008 kg-s'1 10060 o€
ovvOnkeg kopeopov (Teipapa 1 TMivaxag 5-1) 660 kot o€ cuvOnKeg vVIdoYLENG 25°C
(Tleipapa 2 Tivaxag 5-1), dev paivetar vo Topovctalovy TV OVOUEVOLEVT] YPOUIKY
eEdptnon TtV OVO PETAPANTOV €V Ol OaVTICTPOQES TOXLTNTES EMOVAYLENG
Bpiokovtor TOAD KOVTd oTnV avTioTpoPn TaXHTNTO TANUUVPICUOD aVEEAPTNTO TNG
apywns Oeppokpaciog empaveiag. To yeyovdg avtd vTOdEVEL OTL TOL TELPALOTOL
avTd OgV amMOTEAOVV TEPAUATO EMAVAYVENG vrepBeppavOeicag empdvelng AL
dwdkacio Toyeiog \Vl')éscogS ™G emeavelns. Me avtég TIC OMTIKEG TAPOTNPNGELS

CUUQMVEL KOl O OTOTIOTIKOG EAEYYOG OV £YIVE UE TNV €KTiUNOT TG a&lomoTiog Tov

> Q¢ Sladkaoio taxetac PuEewe opiletal n Sladkaoia Pofewc Tne Beppric paBSoU Adyw HETEE00NC
BepUOTNTOC HECW TOU UNXAVIOHOU cuvaywyng MeTafl Tou YPUKTIKOU Kal TG paBdou xwplc wotoco
va mapatnpouvtal ta ¢avopeva Tou 0TlakoU f Tou petafatikol Bpacpol omou mapatnpolvtal
otn Sladikaoia emavapuéng plag unepBepuavBeioag embaveiag, ONMwG Kal HEAETANE OTNV Mapovoa
AA.
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OUVTEAECT YPOUUIKNG GLUOYETIONG HETAED TNG aVTIGTPOPNG TOYVTNTAG EXAVAYVENS
Kol TG opyikng Oeppokpaciog g papoov, OmTov ot LIOAOYILOUEVOL GLVTEAECTEG

YPOLLUIKNG GLUGYETIONG KOOMG Kot 1) eKTipnomn ¢ a&lomotiog Toug givat:

[Tivakag 5-1 XuvtedleoTég YPOUMKNG GLGYETIONG Kot EAEYYOC 0&LOTIOTIOG TPUDV
TEPAUATIKOV GEPDOV

Apykég cuvOnKeg TEpApaTOV
YovtereoTig Extipnon
Heapapara _ YPOPPIKNG alomoTtiog (p

Mapoyn yokTukoH szeum 6VoyETIoNG (1) value)

(ks voyuEng

(°C)

[eipapa 1 0.008 0 0.2369 0.0845
[eipopa 2 0.008 25 0.2742 0.0652

InueidveTor €0 TG EAEYYOG YPOUMKNG GULGYETIONG WLE TOVTOYPOVO GTATIGTIKO
Eleyyo onuavTKOTNTOG €yve Yoo KAOE TEPOUOTIKY CEPA €lTe VINPYE TPOPOVN
omTkn €voelEn amd ta oaypdupata gite Oy Ev téhet oe OAheg T vmoOlomeg
TEPOUOTIKEG GEPEG OOMGTAOONKE ONUAVTIKY YPOUUIKT GLOYETION METAED NG
avTioTPOPNG TaXVTNTOS £mavayvéng Kot g apykne Oepurokpociog empaveiog g
papoov. ‘Etol, xatd ™ petémeito peAétn kot emeepyacio TOV  MEPALOTIKOV
dedopévmy, amokieioTnkay HOVO Ol TEWPAUOTIKEG TWEG TOV 000  TOPATAVED

TEPOLOTIKOV GEPDOV.

Axoun, amd v £E£TAON TOV OLOYPOUUUATOV TPOKVTTEL OTL VPIGTOTOL L0 OPLOKT] TIUN
™G apywkng Oepuoxkpacioc tov Tor®HOTOG TS pafoov mhve amd v omoia
nopaTnpeitol  ypapkn ovoyétion  petald e aviiotpoeng  Oepuoxpaciog
emavayvéne ko g apytkng Beppoxpaciog empaveiog. H tyun ovt and ta napdvia
nepdparta evroniletar otny meproyn petald tov 350°C kot 400°C. Zvykekpuéva, yio
To TEWPAROTO TOL deENyONcav 6e cLVONKES KOPEGHOV Kol o€ cLVONKeS LIOYLENG
yoktikob 25°C 1 oplakn Tun g Beppokpaciog eaivetot va givar kovtd otovg 400°C
EVD Y10 TO TEWPAATO TOL dtevepynOnkav 6e cuvnkeg vdyvEng 50°C Kot TapoyNg

peyoAvtepng tov 0.025 kg-s'l, dev mapatnpeital E0KOAN P GUYKEKPLUEVT] OPLOKN
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TIUN 0AAG peTABAALETOL avAAOYO [E TV TTapoyY| TOL YuKTikoV. [Tapatnpeitor dniaon
TG 060 AVEAVETOL 1| TOPOYN TOL YUKTIKOV GTNV €16000 TOL KAVAALOD SOKIU®V, M
oplakn TN g Beprokpaciog LEIDOVETOL EVED UITOPEL VO TAGEL KOl TILEG UIKPOTEPECS
tov 300 °C. [Tapavta, n Tun tov 350°C eaiveton va Bpioketorl viog TG YPOUUIKNAG
TEPLOYNG OA®V OVTOV TOV TEPOUATOV, AVEO TNG OTOL0G UTOPOVUE UE OGPAAELD VL
Oewpnoovpe mog efedlooeton melpapo emavayvéng Kot Oyt dladkocio Toyelog

Yyo&emg.

[Ipéner va avaeepbel g n emaoyn Tv opiwv 350°C kot 400°C, av kot ek TPAOTNG
oyewg gaivetal avBaipetn €pOCOV OgV ATOJEIKVIETOL VTOAOYIOTIKG TOPE HOVO
YIVETOL OTTTIKA OVTIANTITY, €VTOVTOLS GVUQ®VEL pe TN PiAtoypaeia mov vrootnpilet
TG mEWPpaTo emaviyvéng Aappdvovv ydpa coe Beppokpacieg peyoldTEPES TOV
320°C yio Oepuarvopeveg papoovg and S.S. [98]. ‘Etol, ot cuvéyeio tng perétng Ha
acyoinBovpe pdévo pe To TEWPOUATIKG onueia pe apykn Beppokpacio papoov avm

tov 350°C (715 nepdpata emavayveng).
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Agv €yovpe TEPAPATIKO dEdOUEVAL
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AmO to TEMKA TEPAPATIKE JEdOUEVE. TTOV TPOKVTTOLV HETA TNV e&étaom TV
TOPOTAVED  OLOLYPOUUATOV, OEEAYETOL OTATIOTIKN OVAALCY TOAAUTANG YPOLLUIKNAG
OLGYETIONG HE OKOTO TNV €EAYMOYN UIOG TEMKNG EUTEIPIKNG CLOYETIONG MeTAlD TG
TOYOTNTOG EMAVAYLENG KOl TOV TEPAUOTIKOV TOPAUETPOV TOV TNV EMMpedlovv Kot
OVYKEKPIUEVOL TNG TOPOYNG KOU NG LAOYVLENG TOV WULKTIKOD KOl TNG OPYIKNG
Oepuoxpaciog Tov Toy®UATog TG paPoov. O TPocdloPIoUOS TG TEMKNG GLOYETIONG
oV TpokLMTEL YiveTor pe T pEBOSO TNG TPOOOEVTIKNG OTASOKNG ovalNTNoNg
(forward stepwise regression) tov 7o 1GyxVPOV HOVTEAOL peTaEL TG eEQPTNUEVNG
HETOPANTS Kol TOV GLVOAOL TV aveEapTntov petafAntov. H telkn cuoyétion mov
npoteiveTol eivon avty mov ehoyiotomotei to kprripro AIC (Akaike Information
Criterion) [99]. H telkn eunelpiki) cuey£Tion OV TPOTEIVETOL OTO TO GLVOAO TV

TEPARATOV ETAVAYLENG eivon 1 €ENG:

5-1

Zeaipo

[Mapdpetpor | Xvvieleotég ) p_value

TOPOUETPOV
Intercept 4.903e-04 < 2e-16
Tw 8.298e-07 < 2e-16
G 9.096e-03 < 2e-16
ATgyp 9.482e-06 0.00416
G- ATy 2.809e-04 < 2e-16
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omov 1o kprripro AlC vroroyiotnke ico pe -9557.66 evdd 0 GuVTEAEGTNC TOALATAOD
TPOGOLOPIGUOD R? tooc pe 0.9323. EmmAéov, &yve €leyyog TG KOVOVIKOTNTOG TOL
HOVTELOVL e To dtdypappo kavovikotntog Box-Cox (Zynua 5-9). And 1o dudypoppa
nopaTnpeitan 4Tt T0 SAGTNUA EUTICTOCVLVNG SLUTEPIAAUPAvEL TV Tiun A=1, K41l TOVL
VTOONAMVEL OTL OEV OTOLTEITOL KOVEVOS LETOCYNUOTIOUOG TOV OPYIKAOV, TEIPAUATIKOV
dedopévav. H avdivon npaypatonomdnke pe 1o otatiotikd makéto R statistics [93]
kot T Ponbea twv cvvapticemv step() g Piprodnkng cuvapticewv leaps kot

boxcox( ) g PprodNknc cuvapticemv MASS.

95%

log-Likelihood
-1000 -800
|

-1200

-1400

Zymua 5-9 Box-Cox dudypappa Kavovikotrag yia v e&icwon 5-1

Télog, oto Zynua 5-10 mapovoidletar o Kovovikd didypappe tocootnuopiov (Q-Q
plot) ¢ mapandved cvoyétiong 6mov @aiveTor OTL To onueio TG GLVAPTNONG gV
AmEYOVV TOAD amd TNV Sy OVIOOVTE TALPOTNPOVVTOL OKpaieg Tapatnpnoels. Pvoucd 1
TPOTEWVOUEVT] CLOYETION EXEL EQOPUOYN HOVO OTO TEPOUOTIKE OEOOUEVO TOV
TPOKLITOVY OO T TEPAUATO ETAVAYLENG EK TOV KATM KOl TO, OToio dlevepynOnkav

010 OYK amoxAelotikd KAT® omd aTHoGQUIPIKES TEGELS.
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Tvromoéva vrdéAouta

OswWPNTIKA TTOGOCTNHOPLL

Zyua 5-10 Kavovikod o1dypappo tosostnuopimv TG TPOTEVOUEVNG EUTEIPIKNG
GLGYETIONG TPOGOLOPIGLOV TG TOYVTNTOG ETAVAYLENS

5.2.1 Emnidpaon g yeopeTrpiog TOV KOEVOALOD OOKIHAV GTNV TOYOTNTO

emavayoéng

Amd ta Swypdppata ota Zynpato 5-6-5-8 sivor epgovég 6TL 1 emidpacon TS OPYIKNG
Bepuokpaciog g emedaveag oty toxvTNTe €TavAYLENg etvan acbevéstepn 060
LEWDVETOL M TOPOoYN MALAG TOL WYUKTIKOD HEGOL GTO KOVAAL SOKIUADV. ZVYKEKPLULEVOL
napoatnpeital 0Tt o€ YOUNAES TopoyEs nalag N TaydTnTe ETavayvéng Ppioketal moAy
KOVTO OTNV TOYVTNTA TANUUVPIGHOD TOL KOVOMOU OVEEAPTNTO ONTNV OPYIKN
Bepuokpacio g empdvelng. H mapatnpnon avt) amodidetor otn yeoperpio Tov
KOVOALOD OOKIUAV. ZTNV Topdypago avth yivetor peAETn tov Babupov enidpacng g

YEOUETPIOG TOL KAVOALOD GTO GUVOALKO UNYOVIGULO ETAVAYVENG.

Mo ™ perém g emidpaong g YEOUETPlOG TOV KOVOAMOL OTNV  TAXOTNTL
EMOVAYVENG  TPOYUOTOTOLEITOL  GUYKPION HETOED TV  TOPOVI®V  TEPUUATIKOV
OEOUEVOV KOl TOV TEPOUOTIKOV OEO0UEVOV AAL®MY EPELVNTOV TO TEPALNTA TMV
OTOIMV TPOYUATOTOONKAV GE SLUPOPETIKNG YEOUETPIOG KAVAALL SOKIULDY AAAL OTIG
dtec apykég mepopatikés ovvinkes. Ta mepapatikd dedopéva mov emALyOnkav

TPoEPYOVTOL OO TIG pyaciec Tmv Saxena et al. ko twv Duffey — Porthouse [38, 39]
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KOl 0PpOPOVV OTHOCOOPIKE TEPANATO TOV dlEveEpYnONKav o€ cuvOnkeg Kopesuov,
apykéc Oeppokpacieg Torympatog pafoov 400°C kot 500°C kot o€ SLAPOPES TAPOYES
ualag  yoktwkov.  Emmpocbétmg  avagépetor  ott ov  Duffey—Porthouse
TPOYUATOTOINGOV TO TEPAUATH TOVS G€ 000 OPOPETIKA KavAAlL OOKIUDV e
YEOUETPIEG KOVOMDV TOV 1GOOVVOUOVV UE VOPAVLAIKES Olapétpovg ioeg pe 1.94 cm
Kkt 3.75 cm eved to mepauato tov Saxena et al. élafov ydpo oe KovdAl pe
YEOUETPIO KOvOAoy Tov 16odvvapel pe vVOpavAK otdpetpo 1.44 cm. Ao v A,
N VOPOLAIKN SIAUETPOG TOL KavaAloD dokiumy Tov ®YK vroloyileton ion pe 17.65

cm omd ™ oYEoN:

5-2

omov Ry ko R givon m ecwtepikn axtiva Tov KavaAloy SOKIU®V Kot 1 EOTEPIKT
axtiva g papdov avtictoya. [a va yiver gukoldtepa avtiinmy 1 emidpacm G
YEOUETPIOG TOL KOVOAMOU OOKIUADV GTNV TOVTNTO TANUUVPIGHOV, 6T0 Xynuo 5-11
anewoviCovtal ot TaOTNTEG TANUUVPIGUOD EVOVTL TV TOPOoYdV HAlag OA®MV TV

TPOOVOPEPHEVTOV TEIPAUATIKAOV EYKATOCTACEWDV.
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o "1 * Saxenaet al Dh=144 cm
* Duffey et al. Dh=1.94 cm
* Duffey et al. Dh=3.75 cm
* Present work Dh=14.16 cm
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Zymua 5-11 Toyvnta IANUULPIGHOD EvavTt TapoyNS LALOS YLKTIKOV Y10 TEGCEP

KOVAALL SOKIUADV SLOPOPETIKNG YEOUETPIOG

> ovvéyela, o Ilivakag 5-2 ovvoyilel ta otoyeio mov agopodv to. Tunuota

Aoxipudv OTtmG EMIGNG KoL TIG TEWPAUATIKES GLVONKES OA®V TOV TEPAUATOV.
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[Tivakag 5-2 ATHOGQUPIKE TEPAUATIKE 0EO0UEVO ETAVAYLENG EK TOV KAT®

Ay
Oeppoxpacio | Hapoynq palog
Epyoocia Em@avero soxipav TOYDNOTOS YUKTIKOV
emoaveiog (kg's™)
°C)
S.S. paPoog
miyoc toryodpatoc=0.085 cm
oKkOVY HLoyvnoiov 400-500 0.0003-0.0100
€0. dlapeTpog pafdov=1.25 cm
Duffey —
VOPAVAIKY O1apeTpoc=3.75 cm
Porthouse S5, pis
S. papdo
[39] p S
moryog Tory®patoc=0.085 cm
oKovN payvnciov 400-500 0.0001-0.0370
€0. 01dpeTpog papdov=1.25 cm
vopavAKT dtbpetpoc=1.94 cm
S.S. coAnvog
Saxena et al. nayog Toyymdpotoc=0.030 cm
400-500 0.0167-0.1217
[38] €. dihpetpog coAvo=1.5 cm
vopavkn dbpetpoc=1.44 cm
S.S. pdpdog
méryog Tory®dpatoc=0.030 cm
[Tapovoa
AA oKovN payvnciov 400-500 0.0083-0.0500

e€. duapetpog pafdov=1.5875 cm

VOPAVAKT O1dpeTPpog=17.65 cm

Yto Zynuota 5-12 kon 5-13 amewovifovtor ot TEPAUOTIKEG TYES TG OVTIGTPOENS

TaxOTNTOG EMOVOYLENG £VOVTL TNG TOPOYNS LALOG TOV YUKTIKOD Y100 OAO TO TEPALLOTOL

emoviyvéng mov e€etdlovtot. Ao TV avayvmor TovV SoypaUUdToV Topatnpeitot

TG Ol OVTIGTPOPES TUYVTNTES EMOVAWYLENG OV VITOAOYILOVTOL OO TO TEPUUATIKA

dedopéva g Tapovong AA otig 101eg TapoyEg HAlag YLKTIKOV elvar peyahdtepes amod

TIG OVTIOTOL(ES TIMEG TOV TEPOUATIKOV gpyactdv Ttov Duffey — Porthouse kot tov

Saxena et al. H televtaio avth mopatipnon eoivetal vo. oQeileTol ot HeyoAdTEPT
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SLAoTAOT) TOV KAVAALOD SOKIUMOV KOl GTO YEYOVOS OTL ATOUTEITOL TEPIGTOTEPOS YPOVOG
Yo Tov AP TANUUVUPIGHO TOv. ALTO OVCOoTIKA e€nyeltar G €ENG: Yoo va
TPOYWPNOEL TO VYPO p€tomo emi tng vrepbepuavieicag pafdov, mpémer va €xel
nponyn0el MANUULPIGHOG TOL KavoailoD uéypt to onueio Enpaveews (Tmrs), COUPOVO
Kot pe to Zynpo 2-11. Kabmg 10 kavdAl SoKIU®V TG TEPAUATIKNAG EYKATAGTOONS TOV
EIIT &yet peyoldtepn vOPALAIKT SIGUETPO, Yio TNV 1010 TOPOYN YUKTIKOV, YpetdleTal
vo TEPAGEL HEYOADTEPO YPOVIKO SLACTNHO £0G OTOV 1 GTAOUN TOV YUKTIKOL 0vEADEL

010 onpueio Enpdvoemg.

S *+ Saxena et al. Dh=1.44 cm
“ 4+ Duffey et al. Dh=1.94 cm
. B Duffey et al. Dh=3.75 cm
2 # Present work Dh=14.16 cm
d
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ZyMua 5-12 Atgypopipior TEPOUATIKOY TILAV TOYVTNTOS ETOAVAYVLENG EVOVTL TOPOYNG
pélag yoktuob oe apykés Beprokpacies toryydpatog pafoov 400°C
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o | " * Sayenaetal Dh=1.44cm
E = 4 [Duffey et al. Dh=1.94 cm
B [uffey et al. Dh=3.75 cm
o ® Present work Dh=14.16 cm
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ZyMua 5-13 AdypopLilo TEPOUATIKOY TIULAV TOYVTNTOS ETOVAYVLENG EVOVTL TOPOYNG
pélag yoktukob oe apykés Beppokpacies toryydpatog pépfdov 500°C

Ye ovvovaoud pHE TO TOPOTAVE GCUUTEPAGLOTO TOL APOPOLV TNV TOXOTNTA
emavayoéne, €xer mpotabel and tovg Duffey — Porthouse o6tt 6mwg n toydTa
EMOVAYLENG, €TOL KOl Ol PUNYOVIGHOT EmavAYLENG €EAPTAOVIOL OO TO YEWMUETPIKA
YOPOKTNPIOTIKE OAAG Kot TIg BepUikég 1O10TNTEG TOV VAKOV TNG LIepBeppavOsicog
pafdov [39]. ta mhaicto aVTAG TG TOPOTNPNONG EKPPAGTNKOV Ol TOPAUETPOL TNG
ToOTNTAG ETAVAYLENG KoL TNG Tapoyng Lalag e Tovg adtdotatovg aptduovg Peclet

ko Biot avtictouya.

Yvykekpipéva, o opBudc Peclet mov ekppaler 1o Adyo g Oepudtnrog mov
LETAPEPETOL GTO PELGTO LE GLVAYMOYN OC TPOG TN OEPUOTNTO TOV UETUPEPETAL GTO
PEVOTO LE TOV UNYXOVIGUO TNG ay®YNGS, OpileTal ™G 1) ad1AGTATN TOYOTNTO ETOVAYLENG

Kot vroroyileton amd v oyéon 2-5.

O ap1Budc Biot ekppdalel to Adyo g Oepuikig avtiotaons aymyng HECH 6T0 GOU
npog ™ Beppikn avtiotaon cvvaywyns. E&aptdtor and t1g Beppikég 1010tTEG TOL
VAMKOD TNG EMPAVELNG KOl €IvOl avAAOYOG e TOV GUVTEAEGTI] GLVAYMYNG Kot diveTOL

amo T oyéon 2-1.
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Q01060 AOY® TNG SVOKOAING TPOGOIOPICHOD TOL GUVIEAEGTY] CLVAYWYNG OE GLVONKES
emavaYVENG e€ontiog TMV TOAVTAOK®V QUIVOLEV®V TOV AdUBAvouy ympo, Tpotddnke
am6 tovg Duffey — Porthouse m enduevn ocvoyétion upeta&d TOv GLVTEAESTN

CLVOY®YNG KOl TNG TOPOYNS LALAG WUKTIKOD ava povada empaveiog tng papoov:

5-3

"Etot and 11¢ oyéoelc 2-1 kot 5-3 mpokimtel 0 €n6UEVOG TpoToTouéEVOS aptfudc Biot:

5-4

Axorovbmvrag ) dwdikacio g eneéepyaciog twv Duffey — Porthouse pmopovpe va
OTEIKOVICOVE TIG AOIA0TOTES TIUEG GE AOYUPIOIKE StorypAUUATO Y10, oTOOEPT] apyikn

Beppokpoacio toyydpatog (Zynua 5-14).
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ZymMua 5-14 AoyopBpikd 5100 papLILATO TEPAUATIKOV 0OIGTATOV TILOV AVTICTPOPNG
ToOTNTAG EMAVAYLENG EvavTt Tpomomomuévou appot Biot e otabepn apyikn
Oeppoxpacio toryydpatog (tave: 400°C, katm: 500°C)

120



Me gpappoyn avdivong ToAvopOUNoNG XPNOILOTOIOVTAG TN HEB0J0 TV elayioTwV

TETPAYDOVOV TPOKVTTOLV Ol GLOYETIGELS 5-5 Kol 5-6:

Tw=400°C 1 -
v log(P—e) =-0.909-0.732 log(Bioq) 55
Tw=500°C 1 -
v log(P—e) =-0.801-0.724 log(Bioq) >-6
He R? ico pe 0.946 ko 0.9184 avtictorya.
Ot 1eAevtaieg cLGYETICELG LETA TOV LETACYNUATIGLO YivovTot:
Tw=400°C Pe=10"""Bi%73? 5-7
Tw=500°C Pe=10"801B;%724 5-8

AveEdptnTa pe TN SEPELYNTIKN TEYVIKN TV TPOOVIQEPHEVI®MV €PELVNTAOV, OTA
mAaiclo TG Tapovong AA ameikovicope OAEG TIG TEPUUATIKEG UOIUCTOTES TIUEC OF
£VOL KOVOVIKO yYpaenua, avti yio AoyaptBukd (Zynqua 5-15). Ano 1o didypappa avto
TopaTNPOVUE OTL UTOPEL VO EPUPLOGTEL Lo TTOAD KOAN €KOETIKY] TPOGAPLLOYN HETAED
0V avtiotpoeov apBupov Peclet kot tov tpomomomuévov apBpod Biot 1 omoia

eoaivetal va gtvor aveEAPTNTN TG 0PYIKNG BEPLOKPAGING TOV TOTYDOUOTOG:

/ 5-9

ue RSS (Residual Sum of Squares: Afpoiopo Tetpaydvov Yroloinwv) ico pe 0.5065

EVAO TO VTTOAOYILOUEVO R? givat ico pe 0.9528.
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o
' * Saxena et al. Dh=1_44 cm
4 Duffey et al. Dh=1.94 cm
B Duffey et al. Dh=3.75 cm
m & Present work Dh=14.16 cm
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Zyua 5-15 Atdypoppo ad1dotoTmy TILOV TOYOTNTOS £VOVTL TPOTOTONIEVOL 0p1OoD
Biot. Mg koxkwvo amekovilovtal ot Topotnpnoels og apyikn Oeppokpacio
toryopatog 400°C ko pe pmie og Begppokpacio S00°C

Eneon and v tedevtaio avaivon mpokVmTel OTL 1 AdAoTOTH ToXOTNTO ETAVAYLENG
omwg ot opiletal, dgv e&optdror and v apyikn Beprokpacio TOL TOYOUATOS TNG
papoov, glcdyovpe ot SlEPELYNON HOG TIS LETPNCELS TOV TEPUUATOV ETAVAYLENGS
tov Duffey — Porthouse mov dievepynbnkav oe apyikéc Oepuokpocies empoveiog
700°C ko 800°C hoTe VO SOMIGTAOCGOVLE Y10 TOLEG TEPANATIKEG GLVONKEG KOl GE

now. Beppokpaciakd €Opn WOYLEL N Topamdve Topatipnotn. Etot mpoxvmrel To

aKoAovBo drdrypappio:
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Saxena et al. Dh=1.44 cm
Duffey et al. Dh=1.94 cm
Duffey et al. Dh=3.75 cm
Present work Dh=14.16 cm
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Zyqua 5-16 Awdypappo ad1doTaTmy TIOV TOYVTNTIS £VOVTL TPOTOTOILEVOL 0plfol
Biot. Mg koxkivo ametkovilovtal oL TapatnpnoeEls o€ apyikn Oeppokpacio
oy opatog 400°C, pe umie o Beppokpacio 500°C, pe npdoivo o Beppoxpacio
700°C ko pe moprokai o Oeppoxpacio 800°C

[Mopatpovtag 1o ddypaupo oto Zynuo 5-16 Jdwmotdvetor Tog To pova
TEWPAPATIKA oNUElR TOV OmOKAIVOLY TTEPIOCOTEPO amd TNV EKOETIKN KATAVOUR £ivan
avtd mov eENYONcaV amd To TEPAUATA TOL £YIVAY GTO KOVAAL SOKIUMV LLE DOPOVALKN

dtapetpo 3.75 cm ko apyikéc Oepuokpacies pdfdov 700°C ko 800°C.

AT 10 TOPATAVE® 00NYOVUAGTE GTO GUUTEPUGLLO TMOG OV KOl GOV OmOAVTEG TYEG OL
TEPOAUOTIKES TOYVTNTEG EMOVOYLENG TG Tapovcsag AA elvar cuyKpITIKA HUKPOTEPES
and TIC LWOAOIMES TEWPOUATIKEG TWES TOL &YOVV Tapovolactel otn  Oebvn
Bproypapia, gviovtolg givarl amdlvto cuykpicipeg o adtbdotatn Paor. Qotdco, 1
nopaTnpNnon OTL N APk BEpLOKPOGio TOV TOLYDUATOG OV EMNPEALEL GE CNUAVTIKO
Babud tov pnyovicpd emavayovéng oTig TEPIMTMOELS EXAVAYVENS e TN dlodIKOGiN

TOL TANUUVPIGHOD, ¥PNLEL TEPATEP® dlEPEVVIONG.
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5.3 MeAétn ™G Oeppokpaciag emavaduing

‘Eva. moAd onuavtikd Koppdtt g mapovong AA elvar 1 pehétn g Bepuoxpaciog
emavyvéng, onwg opiomke oto Kepdlato 2.2. Zvykekpyéva, dtepeuvatot o Babuoc
emidpaong g apykng Beppokpaciog g vVEPBepUng empdveloc, tng Tapoyns nalog

TOV YUKTIKOV Kot Tov PBabpod vroyuEng tov ot Bepuokpacio exavayvénc.

210 Odypoappo oto Zynuoa 5-17 amewovifeton n Ogpupokpocio emavayvéng Tov
Oepuoctoryeiov TCl11 éwc TC4 oe oyéon pe v oandotocn Tovg omd To
Oeppootoryeio TC12 (Zynua 3-2) Katd T SdpKeLn VOGS TEPAPATOC ETOVAYVENS €K
tov ka1 (Padpoi veoyvEne yoktikod 25°C, mapoyy yuktikov 0.042 kgs™, apyn
Beppokpacio  toydpatoc pafdov 530°C). Tiverar edkoAo ovTIANTTO OTL 1)
Bepurokpacio emaviyvéng dev eivon idwa yroo OAa o Beppooctoryeion aALd KopaiveTot
010 Oeppokpaciakd gvpog amd 320°C €wc 410°C pe ta Oeppooctoryeio mov Ppiokoviat
TWO KOVIQ OV €I0000 TOL WYULKTIKOD VO ETOVOYOYOVIOL OTIS LYNAOTEPES
Oepuokpoocieg evd to MO oamopokpuopéva  Beppoctoryeion  ETAVOYVLYOVIOL GE
yopnAotepeg Oeppoxpacies. H  dwapopomoinon twv tudv g Oeppoxpaciog
EMAVAYVENS GE GLUVAPTNON LE TNV apykn Beppokpacio g emeaveiog TapatnpnOnke
Kot and aArovg epevvntéc [29, 100]. To awvopevo avtd, amd UOIKNG TAELPAS, ExEl
mv akorovdn e€nynon [101]: Adyw g peyordtepng dwapopdc Oeppokpaciog peta&d
TOV YUKTIKOD LYpoy Kot NG Oeppokpaciag g emedvelng g pafoov mov
avtiotolyel ota Bepuoctoryeia mov Ppiokovtol mo Kovid otV €600 TOV YLKTIKOV
0TO TUNUO OOKIUADV O©E OYEOM HE TN OPopd TV OePUOKPACIOV UE TO TLO
OTTOLLOKPLGUEVE, TUNILATE TNG, TO €0POS TNG TEPLOYNG TOL HETOPATIKOD Bpacod Tov
avTioToryel o€ KaOe Bepprokpactokd oTaBUd AVEAVEL EVD TOVTOYPOVO, LETAKIVEITOL KO
o€ peyorutepeg Oeppokpaciec. TapdAinia, evioybetal Kot 0 GUVTEAEGTNG LETAGOONG
OepuoT™TOG OTNV EKAGTOTE TTEPLOYN LE OTTOTEAEGLOL VO TTPOLYLLOTOTOIEITOL ETOVONYVEN

o€ OAO Kol peyoAvtepeg Beppokpacies.
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ymupa 5-17 Ogpuokpoaoio eraviyvéng tov Oepuoctotyeiov TC11 émg TC4 évavtt
g andoTactg Tovg and to Beppoctoryeio TC12 (neipapa No 01101044.14)

To dwbypoppo oto Zynuo 5-18 omewovifer t Ogppokpocio emavayvéng tov
Bepurooctoryeiov TC4 émg TC11 évavtt tov apyikdv Beppokpaciodv g pafdov yia to
TEWPAPATO PG TEWPOUATIKNG GEPds e PabBpovg vmoyvéng yuktikov 25°C ko
nwapoyn woktikov 0.033 kg~s'l. AmO 10 JWAYPOUUO OVTO CLUTEPOIVETOL TG T
Oepuoxpaocio emavayving tov kdbe Beppoctoryeiov Eexwpiotd emnpedletor BeTikd
amd Vv oapykn Oeppokpacic tov Toy®patog TG papoov. Emiong, v
OCLYKEKPIUEV GEPd TTepapdtov 1 péylotn Beppokpacio VYPOL LETOTOL EKTIUNONKE
ion pe 404°C o 0éon tov Oepuoctoryeiov TCLL 6tav n apykn Beppokpocio ™G
papoov pubuiomke otovg 540°C. Axoua eivar gpoavég o6t 1 Oepuoxpacio
emovayvéng eivar vymAotepn kovtd otV €600 TOL WYLKTIKOD, OnAadr| ©TO

Bepurootoryeio TC11, ko peldverol 6060 AMOUOKPVVOUUGTE OO AVTAV.
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Yymupa 5-18 Ogprokpoacio emaviyvéng tov Beppoctotyeiov TC10 émg TC4 évavt
™G apykng Beppokpaciog g papdov (mepapotikeg cuvinkes: Paduol vrdyvEng

yokTikoL 25°C, mapoyn yuktikov 0.042 kg-s'l)

126



H péyiot Beppokpacio emovayvEng mov mapatnpdnke 6to GHVOAO TOV TEPAUATOV
emavayvuéne mov dtevepynonkav Ntoav ot 452.6°C ko petpridnke oto Bepupootoryeio
TC11l «katd tO OTHOCEOPIKO TEPOUO ETAVAYLENG TOV TPAYUOTOTOMONKE G©E
ovvOnkec Kopeopov, mopoy nalag yoktikov 0.012 Kg/s ko apyikn Oeppokpaciog
toryouatog 550°C (13101054.14). H eldyotn Oepuokpooio emavayvéng mov
petpndnke oto ev Adym meipopa nTav ion pe 357.9°C ko apopovce to Bepprootoryeio
TC4. To e0poc TtV BepUOKPOCIOV ETAVAYLENG EUTINTEL HECO, GTO OVOUEVOUEVO
OepLoKpaclaKd €0POC OV AVAPEPETOL 6T0 cUVOLO TG PiAtoypagiog (amd 320°C

ém¢ 550°C) [29, 98].

IMa xoAvtepn emonteia Tov Pabuod emidpaong ¢ kdbe mepapaTIKNG GLVOKNG 6T
Bepuokpacio emavayvéng, mapovcsidlovior 6to Zynua 5-19 Oleg ov mepopaTiKég
TIWéEG TG péong Beppoxpaciog emavayvéng G paPoov Evavit TG OPYIKNG
Oepuoxpacioc emoaveiog (715 mepapoatikés tipég). H  péon  Oepuoxpaocio
emovayvENg ™G péPfdov mpokvmTeEl g N HEoN TN TV OEPLOKPACIOV EMAVAYLENG
v Oeppooctoryeiov TC4 émg TC10°. Ta Sy pAULOTO TAEIVOLOVVTOL GE TPELS GEPES
avdioya pe T Beppokpacio 16660V TOL YLKTIKOV (TPAGIVOG TITAOG S1orypapLLdT™V)
KOl GE€ TEVTE OTNAEC OVAAOYO HE TNV TOPOYN] TOV YULKTIKOL (TMOPTOKAAL TiTAOG
dwypappdtmv). Ot Beppokpacies 16660V Tov Yuktikovy givar 50°C, 75°C kon 100°C
EVAD TO €VPOG TOV TIUAOV TNG TOPOYNG TOL YUKTIKOD otnv €icodo tov Tunporog

Aokdv givor 0.012-0.050 kg-s™.

® H péon turikn ardkALon Twv pécwv TLHwY Beppokpaoiog emavapuénc urtoloyiotnke ton pe 27.19
°C.

127



400 480 500 400 450 500

| | | | | | | | | | | | | | |
Tlinlet=50°C Tlinlet=50°C Tlinlet=50°C Tlinlet=50°C Tlinlet=50°C
G=0.012-0.017kals G=0.025kg/s G=0.033kals G=0.042kg/s G=0.050kg/s
g ﬁ‘1|- . +1 |
K2 e I !‘: it‘:{ﬁ{;‘h +++ * L o “:+ A ‘++” o i-:“; I
+ :* *. * ,;“‘1.1-&\1-""4“‘**1* \ ++++¢ S +'++++:+*+ 3 A +t+;+ { ++ :r
300 s H\:p" + ++‘+‘#+l * ++:H1 +“#+ |
250 -
Tlinlet=75°C Tlinlet=75°C Tlinlet=75°C Tlinlet=75°C Tlinlet=75°C
G=0.012-0.017ka/s G=0.025ka/s G=0.033kg/s G=0.042kg/s G=0.050kg/s
— = :::t”:‘; - 3F
U “’1-"" M;"’r“? 4t i ¥ * 250
o Fhur Yeterh,t * ‘+ﬂ'++t gt B d AL AR
. . +f"+“" ﬁ-i;;. + gt ¥ . AL AL ot [ I I
o SR SO IR o~ - 200
|_ +
- - 250
Tlinlet=100°C Tlinlet=100°C Tlinlet=100°C Tlinlet=100°C Tlinlet=100°C
G=0.012-0.017ka/s G=0.025kals G=0.033ka/s G=0.042kals G=0.050kals
250 - {ﬂn‘y‘*ﬂ . -
300 PR +5+.'*m+*+}1?*‘ ' N .,++.!'M:++*“"+” | s i
250 -
| | | | | | | | | | | | | | |
400 450 500 400 450 500 400 450 500

Tw(°C)

Zyua 5-19 Enidpaon g apykng Bepurokpaciog e pafdov, tng mapoyng pnalog
YUKTIKOV Kot NG Beppokpaciog 16030V TOL YUKTIKOL 611 Beppokpacio emavayvéng

Mia yevikn Topatipnor mov TpokLaTEL amd To Lynua 5-19 givon to €0pog TV TV
™m¢ puéong Beppokpaciog eraviyvéng émov kvpoaivetar petad 280°C ko 380°C pe
TIG UEYIOTEG VO TAPOTNPOVVIOL OTO TEPAUOTO ETAVAYLENG HE VYNAN OapyKn
Bepuokpacio empaveiog kol younin Beppokpacio 16000V YLKTIKOV. AKOpHA givot
euPavég 0tL 6tav av&dvetar o Babudg VTOYLENS TOV YuKTIKOD HEGOL OLEAVETOL T
péylomn tun g Oepprokpaciog eravayvéng eved avéavel emiong Kot To €DPOG HETOED
™G HEYIOTNG Kol TG eAdyiotng Bepuokpacioc. H tehevtaio avt ddkpion @aivetot
vo ogeidetal 6to petwpévo puBud avamTLENG PVCAAId®V GTNV TEPLOYT TOV EGTLOKOD
Kol TOV HETOPOTIKOV BPAGHOV GTNV TEPIMTOON ENXAVAYLENG LE YPTON VITOYLKTOV
VYPOV GUYKPITIKA HE TNV €MavVAYLEN HE KOPEGUEVO VYPO, KaODG otV TPpOdT
TEPIMTMON 01 PLGOLIdES KatappEovy e vyNAdTEPEC Beprokpaciec [101]. To yeyovoc
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avtd eényel v emidpaon g avénong tov Pabuod vEdyvENg oty avénon g
Oepuoxpaciog &vapEng tov petafotikov Ppoacpod, OmAadn ot Oeppokpacio

EMOVAYVENC.

Téhog, dlevepydvTag avaAvoT avadpopuns HETaEL TG Beppokpaciog emavayvéng Kot
™G apykng Oepuokpaciog e vrépbepung emedvelng oe kdbe pio amd tig 15
TEWPOUOTIKEG CEWPES TOV Qaivovtol 6to Zynua 5-19 mpoxvmrovv pepikd a&loroyo
armoteAéopata. Katapydc, Hetd v oavdAvorn wopatnpeital YOUNA  YPOUUIKN
ovoyétion g Beppokpaciog eravayvéng and v apykn Bepuokpacio g papoov
Yl TO TEWPAUATO TOV SEVEPYNONKAV GE CLUVONKES KOPEGHOV KOl TOPOYES WYUKTLKOD
0.012-0.017 kg-s'1 (r=0.4764) ev®d dev mopotNPEiTOl KOUIO YPOUUIKT GLOYETION
petalld tov dVo BepLOKPACIOV Yo TO TEPALOTO KOPEGUOD KOl TOPOYNS WLKTUKOD
0.025 kg's'1 KaODC Kot Yo To, TEWPAOTO TOV dlevepynOnkav og Beppokpacio 16660V
yokTkod 75°C kat mopoxés yoktikov 0.012-0.017 kg's™ (r=0.1030 kou r=0.2379
avtiotorya). And v dAAn mapatnpeitor woyvpn ypoppikn e€dpnon petald g
Oepuokpaciog emavayvéng kot TG apywkng Beppoxpaciog g papoov  oTIC
TEPAATIKES GEPEG TTOL dlevepyNONKay o6& vVYNAOTEPEG TOPOYES LALOG WUKTIKOD LE
1oYLPOTEPN YPOUUIKY eEdpTnon va Tapatnpeitar Yo ta mepdpoto veoyvéng 50°C
Kot mapoyfic £16080v Tov yoktikod 0.033 kg's™ (r=0.9524). O xoumioc puOpoC
TANUUVPICUOD OTO TEWPAUATA TNG TPOTNG TEPITTOONS Kol 1 VYNAN €VIacN TOV
QOVOUEVOL NG TTPOOPOUNG YOENG 6TaL VTOAOUTO TEPALATO PAIVETOL VO OTOTEAODV
TNV O1Tio ELPAVIONG CLTOV TOV O0POP®OY KATA TNV EKTEAECN NG YPOULUKNG

avdAvong avadpoung.

O BaBuog emidopaong kabe mapdyovia ot Oepprokpacio eravayvéng peletdror oty
emOUEVN TOPAYpaPo pe T HEBOOO NG OGTATIKNG OVAAVGNG LE OKOTO TNV TPATOCT

LG MUEUTELPIKNG GYECTC.

5.3.1 Awotatikny avdivon

H pébodog g oO100taTikng ovOALONG OmOLTEL TNV EMAOYN TOV KOTOAANA®V
HETOPANTOV KOl TapayOvIov mov eivarl yvootd OtL emnpedlovv T dSadikacio g
emavayvéne. Qotdco, 1 TEMKN EMAOYN TOV AOACTATOV OUAd®V HETAPANTOV UTopel

o€ KAmOleg MEPMTMGEIS Vo, UV €xel kopio LOIKY onuacio aAAd va e&umnpetel

129



OMOKAEIGTIKA Kot LOVO TO GUVOAIKO AOYIoUO. TNV Tapovca TEPITTmOoT, 1 HEB0d0g
oL akoAovOnOnKe Yo T Odlactatiky ovdivon esivar n pébodoc Buckingham

(Bedpnua ), N omoio ypnotiponoteiton Katd KOpov oTov Topén TG 0eprohopavAIKIG
[102].

21 ovvérela avoAbovTol To PHoTo Tov aKoAoVONONKAY TPV TV TEMKN TPOTAOT

NG NUIEUTEIPTKNG OYEONC TPOGOIOPIGLOV TS Beprokpaciog emavayvéng:

1. Avoldeton TPOCEKTIKA TO QOWVOUEVO TNG EMOVAYLENG KOOMG Kol M
TEPOLOTIKN OladtKacio Omwg devepynon kot evromilovror n e&aptnuévn kot

ot aveaptnreg pnetafAnTés.

Qg eCoptmuévn petaPint Bswpodue ™ Oeppokpacio emavayving Tq eved g
avegapmtec petafintég Oempolpe Tig petafAnTég mov oyetTilovtal e TIG apyIKES
ouvOnkeg Tov mepapatog (G, Ts, Tw, Te) kabhg kot avtég mov oyetilovtat pe
papdo kot Tig W0TNTEG TOL VAIKOV NG (Cp, K, p, €, R). Enedn 6ra ta mepdportd
pog devepyndnkav o€ aTUOGQUIPIKEG GLVONKEG, 1 HETAPANT] TOL APOPA TN
Oepurokpacio Kopeopod tov vepod T eivar otabepr). Avtd digvkolvvel
Jtdkacion KOOMG TP UTOPOVUE VO LEIMCOVUE TIG TEGGEPLS UETAPANTEG NG

Bepurokpaciog oe TPeEIS VEES:
qu = Tq —-Ts, ws = Tw—Ts, Tes=Tc-Ts

omov Tq eivon mn Bepuoxpacio emaviyvéng, TS 1 Bepuoxpacio Kopespov TOL
vepoy, TW n Beppokpacio Tov TorydpraTog TG papoov kot TC n Beppoxpacia

€16000V TOV YUKTIKOD,

"Eto1, 0 cvuvolikdg aplBpog tov petafAntov etvar icog pe N=9 kot cvoyetiCovron

HETOEL TOVG e TV akOAovOn oyéon:

5-10

2. E&etalovtar ot daoctdoelg tov petofAntov ®ote va Ppebdel to mAnbog tov

Bepehmdnv peyebov (IMivaxag 5-3).
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[Tivakag 5-3 AvaAvon 0100TAcE®V HETAPANTOV

Metopinti Movdoes | AtooTdoels
Tgs, Ogppoxpacio K 0

Tws, Oeproxpacio K 0

Tes, Oeproxpacio K 0

G, mapoyn palag kgst MT?
Cp, €WOKN Beppoympnrucomra | J/kg K L°T?0"
K, Oeprukn ayoyuommra WmK | MLT?0?
p, TUKVOTNTA kg/m® ML

€, TAY0G TOLMUOTOG m L

R, axtiva papdov m L

And v avdyvoon tov mopondve mivako tpokdmtovy M=4 Oepueldon peyon
(6,M, L, T).

3. KaBopiCovioan m=4 mpwtedovoec petafAntés cOUPOVO UE TO KPLTHPLO TOV
Bempnpatog Buckingham. Ot petafintég avtés eivan ot e€fc:

Tws, G, &, Cp

4. Awpopomvovtor N-m=5 ouddeg I, 6mov ivon o1 axdAovOec:

5. Avtikafiotoviag ta OgpeMdon peyédn oe kabe moapdpetpo twv opddwv I1 tov
Bruatog 4 ko e&lodvovtag to dBpolcpa Tov ekbetdv kabe peyéboug pe 1o
undév yiveton n adtactatonoinon tov mévte opddmv I1. Telikd, ot opddeg mov

TPOKVTTOVV ivat ot €ENG:
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Kot oynpatifetor n akdAovdn cuvaptnon:

o-11

oTNV omoia dlevepyEiTOL TOAAATAY YPOULKY avadpoun HeTa&d Tov 715 meipapotikoy
dedopévmv ehéyyovtag to Babud enidopacns tov Kabe 6pov oty adidotarn opdada Ia,

N omoia mepi€yel v Eaptnuév petafint).

Téhog, pe ™ péBodo ¢ oTadloknNG avalnTnong Tov Mo 6YLPOD HOVIEAOL HeTAED

TOV LETARANTAOV KATAANYOVLE 6TV akOAovOn oyéon:

5-12

[Mapatnpodpue 6t 0 adidotaroc mapdyovtag I3 dev avapépetar otn oxéon apov dev
emnpedler kaBoAov 1 Beppoxpacio eravayvéng kol tov moapdyovta Iy kKabbg eivon

AOY0G VO GTUOEPDV TILDV TNG TEPAUOTIKNG oG S1odKaciog.

O TpomOTOIMUEVOG GLUVTEAEGTIG TOALOTANG GLGYETIONG TNG GY€omng 9-12 voroyileTon
iooc pe 0.8658, yeyovoc TOV LTOOEIKVVEL TNV TOAD KOAN GLOYETION TOV TECCAPMV
adLICTATMV OUAdMV. 2T GUVEYELD, ETAVOVTOS OC TPOG TN Bepprokpacio eravayvéng,

TPOKVTTEL 1] AKOAOLOT GYéon:
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_ 5-13

LE GLVTEAECTNG YPOUKNC Tposapuoyg ico pe 0.9304 kor RMSE ico pe 0.035.

Ao ™V €€ETOON TNG ATTANG YPOUUIKNG TPOGOPUOYNG LETOED TMV TEPAUATIKMOV TLMDV
g Oepurokpaciog emavayvéng Ko tov mpoPremdueveov omd ) cvoyétion 5-13

TPOKVATEL 1] EXOUEVT TYEOT:

5-14

OOV 0 GCULVTEAEGTNG YPOLUMKNG TPOGOpUoyng vroroyiletoanr icog pe 0.8738. Xto
uoe 5-20 amewoviletar 10 ypaenuo HETa) TOV  TEWPAPATIKOV KOl TOV
TPOPAETOUEVOV TIUOV 0mtd TO OToio YiveTol OVTIANTTO OTL TO GUVOAO GYESOV TMV
TPOPAETOUEVOV TIHOV (EKTOG €AA)IOTOV EENIPETIKMOV TEPUTTOCEMY) EUTIMTEL GTO

+10% TtV TEWPAUATIKOV TILOV.
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Zymua 5-20 Iepapatikn Oeppoxpacio exovayvéng Evavtt TpoPAemoOuevNg
Oepurokpaciog emavayvéng

5.3.2 Meiétn Ogppokpaciog emavayoing o€ TEPARATE ETAVAYVENS EK TOV AV

[MopdAinia, peretdton n Beppokpacio emavayvéng OTmg ot TPOGdOPIcTNKE GTaL
TEWPALOTA ETAVAYLENG €K TOV Ave oL EAafav ympo 1o maperbov oo OYK kdtw
amd OTHOCPUPIKEG GLVONKEG KOpeoHoL Kot mopoysés nalog youktikod 0.008 Kg/s
0.012 kg/s kon 0.017 kg/s [20]". Zto Zyfuo 5-21 mapovordlovion Ta dedopéva g
péong Beppokpaciog emovayvéng vavtt g apykng Bepproxpaciog e papoov Ommg
TPOEKLYOV OO OVTE TOL TEWPAUOTE. XE OVTV TNV TEPIMTOON, Topatnpeitar Tl M
Oepuoxpacio emavayving dev emmpedletor kabBorov and v mopoyn Haloc Tov
YOKTIKOD 0AAG eEapTaTal onuavtikd and v apykn Beppokpacio g empaveiog. O

OUVTEAEGTNG YPOUUIKNG TPOGOPUOYNG HETAED ouTOV TV 00  TOPOUETPOV

" H 0Oeppokpacio. emaviyvéng ToOv TEPOUGTOV ETOVOYVENG €K TV (VO LTOAOYIGTNKE
obupova pe ™ uebodoroyio g mopovong AA, pe ™ Ponbelo TV TPOYPAUUAT®V TOL
Keporaiov §4 énerta omd KatdAANAN TpoTOTTOINOT).
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nwpocolopiletarl icog pe 0.9885 evd N gUmEPIKN GLGYETION TOV TPOKVATEL PUETA TNV

EQOPUOYT TNG LEBOSOV YPOUUIKNG TAAVOpOUNOoNG tvar 1):

5-15

Téhog, and to mepopatikd dedopéva TG emovaYvéng He yekaoud €K TV Gvo
TPOoKLITEL OTL 1| PEYIoTN péom Bepurokpacio emovayvEng etvor 437.9°C, oyedov 50°C
VYNAGTEPN amd VTN 7OV UETPNONKE oTO TEWPANOTO ETAVAYLENG €K TV KaTm. H
TOPOTAV® OMICTOON 16 oPeidetal 6T YOUNAN €VTAGN TOL QOLVOUEVOL TNG

TPOSPOUNG YOENG 6T €V AOY® TTEIPELLOTAL.

|
'.-l
o y, [ Loy
o - B ||
= S o’
f'.
] M ]
u‘j —]
5 Isp) :—..
2 [
o
g 4
C) —
[ ]
il
o i
o — &=
™ = * G=0.008 kg/s
& 5=0.012 kg/s
] B G=0017 ko's

I I I I I I I
230 300 330 400 430 300 330

Tw (°C)

Zymua 5-21 Emidpaon ¢ apykng Oeppokpaciog e pafdov kot g mapoyng nalag
YUKTIKOV 61N Beppokpacio eTavayvéng oto melpdpota eravayvéng ek tov ave [20]

[Tepartépw depehivnon tng Bepprokpociog emavayvéng TOV TEPAUATOV ETAVAYLENS
eK TOV Gve Eepevyel amd ta mAaicto TG mapovons AA @woTOGO amoTeAEl pio TOAD

KOAT TPOTAON Y10 LEAAOVTIKY| LEAET.
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6. KQAIKAX RELAP5/MOD 3.3 - IPOXOMOIQXH EITANAWYZHX

O k®dwag RELAP5/MOD3 anotehei tnv tpitn £€kdoomn tov apyikov kmdiko RELAPS
(RELAP: Reactor Excursion and Leak Analysis Program) o omoiog avamntoynke to
1979 am6 1o ldaho National Laboratory (INL) [103]. 'Extote dtavépetal mayKoouing
péom tov Ipageiov Teyvoroyiog kot Avamtvéng tov INL og movemotua,
KuPepvnoelg kot etoupieg [104]. Apykd oyedidotnke yiao tn Ogppotidpaviikn avaivon
TOV VOPOYVKT®OV TUPNVIKOV OVTIOPAGTNPOV KOTH TN OIAPKELD OTLYLOTOG ATMAELOG
YUKTIKOD HEGOL. TN cLVEXELD OPmG e€eAlyOnke Ko TAEoV ivan oe BEom vo avoldoel
oA To petafatikd eowvopeva mov Aapfdavovv ympo oe ovidpoactpes BWR kot
PWR [105, 106, 107, 108, 109].

O kddwag RELAPS oamotehel éva epyolieio mpocopoimong to omoio diver
duvaTOTNTO GTO YPNOTN VO LOVTEAOTOWGEL TN GLUTEPLPOPAE TOL TLPNVO, KOl TOV
YUKTIKOD GLGTHUOTOG £VOG OVTIOPOAGTHPO TOGO KOTA TNV KAVOVIKY Agrtovpyio. 660
Kol Kot ) dtdpketa mhoavoy atvyfuatog [110]. Ot duvotdtnteg mov TPOsPEPEL O

KOOWKOG opeilovtat:

® OTO £YYEVN CLOTNUATA EEICMOGEMV TOV TEPIAAUPAVEL O KOIKAG KOt TO Omoia
dlepguvovy  Oha. ta  petafotikd  @ovopeve mov  Aapfdvovv  ymdpo e
VOPOYLKTOVG TLPNVIKOVS OVTIOPOUCTIPES

e ota ovotnuote €§l0DcEMV OV  EmMTPEMOVY TN GVCEVEN  QALVOUEVOV
OepLoHOPALAIKNG KOl VETPOVIKNG KOl

e OV £QIKTOTNTO TPOGOUOIMONG OTOLOVINTOTE TUNUOTOS TOV GLOTNUATOV
eEAEYYOV, TV VOPOSVVOUIKOV CLGTNUATOV KOl TOV CLGTNUATOV OeproTnToC
eVOC TLPMVIKOD aVTIOPAGTHPO (UTUOYEVVITPLEG, GLUUTVKVOTEG, OEVTEPELOV

ocvotnuo yoéne) [110].

Eivor 10witepa onpaviikd va toviotetl 01t 0 kddwkag RELAPS  ypnoyomoeiton yio
mv avédivon g oAANAemidpaong TV OYK®V eAEéyyov €vOg BepLODOPAVAIKOD
OCLOTNLOTOG KOl OEV TPOCPEPEL AETTOUEPT) TPOGOUOIWON TNG PONG TOL £PYaLOUEVOL
pécov evidg Tov otoyeimv avtov. Kat’ enéktaom £xel OuvatOTNTEG LOVOIIAGTATNG
avdALoNG  QOVOUEV®Y  VOPOSLVOUIKNG, HETAPOPAS OepudTnTog 1M KIVNTIKNG
mopnvikov  avipacmpov. Efaipeon amotede] 1mn avédivon  @ovopévev

dractavpoduevng pong (crossflow) otov mupnva avtidpaoTNpa TEMEGUEVOD DOATOC
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KaBmOG Kot QOVOUEV®V  HETAQPOPAS  Oeppdtmroc  Katd TNV - EMOVAYLEN
vrepBepuavisicov papdmv TupMnvIKoy KOVGiLov 6oV N TeAevTain TEPITTOON Eivor M
LOVOOIKY] TEPITTOOT OTOV £QuPUOleTal S1601AGTATO HOVTEAD LETAPOPAS BeprdtnTag

Y10, TV TEPLOYN TANGIOV TOL LYPOL petdmov [111].

H wovotto tov kddwko vo mpocopoldlel To otolyeio. Tov GLOTNUOTOS EVOC
TLUPNVIKOD OVTIOPAGTNPO. EVICYVETAL CTIUAVTIKA 0O TN dSVVATOTNTO EVOOUATMOONG Kot
ocvotnuatev eA&yyov. Ta ototyeio TPOGOUOIWMONG GLGTNUAT®V EAEYYOL TTEPTYPAPOLV
Opyava LETPHCE®V KOt EAEYYOL JOOIKOGLOV Ol OTOIEG TEPLYPAPOVTAL HECH AOYIKDV,

aAYEPPIKAOV, SLOPOPIKAOV 1] OAOKANpOTIKGOV petafintodv [111].

Y10 miaioco ™G mapovcoc AA  ocvvidyOnke Yoo TPAOT  QOPE  KOOIKOG
RELAP5/MOD3.3 o onoiog mpocopotdler 1o kaviil dokyudv tov @YK tov EIIT
Katd Tn JdKacio emavAYLENG HE TANUUVPIGUO. XTO0 ToPOV KEQPAAOLO OPEVOS
TEPIYPAPETAL TO HOVTEAO TOL OVATTOYONKE Kol OQETEPOV, YO, AGYOLS KATOVONGNG,
napovotaloviol facikd otoyeio Kot yopaktnplotikd tov kddika RELAPS/MOD3.3.
Avaivtikodtepn mopovcioor tov kodike RELAPS5/MOD3.3 Egpebyetl and ta dpio g
napovcoc AA Kol 0 avVOyVAGTNG TOPATEUTETAL GTU EYYEPIOL YPNONG TOV KMIKA

[110, 112].

6.1 A&odoynon kwdika RELAP5S

O tpoPréyerg twv Best-Estimate kmdikwv cuotuartog, 6nmwg 1o RELAPS / MOD3.3,
neptEyovv  afefardotnteg, ot pileg TtV omoiwv euminTovv o€ TECCEPLS KUPLEG
Kotnyopieg: afefardomteg kmdika (e€iomoelg 16olvyiov, 1810TNTEG VAMK®V K.AT.),
afePardmreg kabopiopod Oykwv eréyyov (kKOuPwv), afefatdtTnteg TEPOUATIKOV
gyKataotacemv kol opePordtmreg ypnotn, He TG TEAevtaieg va givor amd TIC
ONUOVTIKOTEPEG. ZVVETMC, Ol TPOPAEYELS TNG KAAVTEPNG EKTIUNONG GLUTANPOVOVTOL
HE TNV KATAAANAN ovaivon afefaidtntog divoviag €va dtdotnua ofefotdtnrog
opopévng mbavotmrag eved M mpaypotomoinon avaivong svaucOnciog diver v
duvatdTTO HEAETNG TNG EMIOPACNS TV TOPAUETPOV E1GO00V GTIG TOPAUETPOVS
e€odov [113, 114, 115, 116]. Zto mlaicla g mopodong AA, 1 a&loldoynon Ttov
KOOKO 0EV TPAYLATOTOWONKE HECH TV TPOOVOPEPOEICOV TEXVIKOV OALL LEGH TNG

OLYKPLONG TOV TPOPAETOUEVOV TILOV TOV KOJKO UE TIC TPOYLOTIKES TEPOLUUTIKES
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Tipés. Qot6c0, n aglohdynon pe pebodoovg avaivong evaucHnocioc mpoteiveton vo

amoteAécovV 10 Pactkd Kopuod piag LEAAOVTIKNG epyaciag Tov EIIT.

6.2 Adewx xp1iong kwdika RELAPS

To EIIT éyer vmoypdyetl doeto ypnong tov npoypdupotog RELAPS-3D (ap. Adeiog
12-LA-96) pe 1o INL 6mov amotelel tov avddoyo dlayeiptong kot AETovpyiog Tov
Ynovpyeiov Evépyelog twv HITA xou tnv Battelle Energy Alliance (BEA) 1 onoia
EXEL CLVEICPEPEL OTNV GUVTOEN Ko 6TV ovarTLEN Tov Kodwka. H ddeia yopnynonke
Y. TPOGOUOI®SEN CLUPATIKOV KOl UN-CUUPATIKOV TUPNVIKOV GUCTNUATOV Yl
EPELVNTIKOVE KOl EKTALOEVLTIKOVG GKOTOVS EVAD OEV EMTPEMEL TNV XPNON TOL GTNV

TPOCOUOIMGCT TPAYLATIKAOV TUPNVIKOV GTAOU®V EVEPYELS.

6.3 Tevikd oTolela oVOVTAENGC KWK

H sioaywyn dedopévov otov kddwa RELAPS opyavdvetol oe oepéc dedopévov. H
K6Oe cepd dedopuévav ovoudleTal «KAPTA», OVOUAGIo TOL £XEL Amopeivel and TV
EMOYN XPMNOOTOINGNG TOV SATPNTOV KapTdV ctov Tpoypappaticpd. Kabe kaprta
umopel va mepiéyet puéxpt Ko 80 yapoakTpeS, MOTOGO AOY® TMEPLOPICUDY KATOIWV
TEPUATIKOV Kot Kepevoypdeov (editors) axoAovbeitor yevikd m  odpPaon

YPNOLOTOINONG 72 YOPAKTHP®V GE KAOE GEPA OEGOUEV®V.

[No v mpocopoiwon evog mpofAnpatog pe t yprion tov RELAPS amottodvton
TOVAGLOTOV [ KEpTa TitAov, KépTeg dedopévmv Kot pia teppatikn képta. H kdpta

_9

titAov avayvopiletor pe 10 cOUPoAo 610 Tpdto Medio e, To mepeydpevo g
Képtag TitTAOL ovvicToTol Vo Elval TEPYPOPIKO TOL KMOIKO Kol Vo, TopPEYEL
TANPoOQopies Yoo TNV BepLoBOPALAIKY EYKATACTAGT, TOV GKOTO TOL TTPOYPAULOTOS
KaOdG emioNg Kol Yyl TO YPOVOAOYIKO TPOGOopopd dmpovpyiog 1 eEEAMENG TOL
KOOKA. O KOOKOS OAOKANPOVETOL OTAV OVOYVOOTEL 1 TEPUATIKY KAPTO 1 OTOoia
amoteleiton amokAeloTiKd and ta cOUPora “.” 1 /7. O kddwkog eivon oe BEon va
avayvopicel o gwoayopeva dgdopéva cOU@Ove e Tov oplBud g KOPTAG OV
opiletar 610 TPp®TO MEdi0 KAOE cEPdG dedopévmy. o dedopévo apBud kaptag o

KOOWKOG OEYETOL TIC TOPAUETPOVS €16000V UE TN GEWPA Kol TV Kotdotaon (my.
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oAPAPIOUNTIKY, oKEPOLT, TPAYLATIKY]) oL opilovtal 6To eyyepidto Tov kKddwKa. Ot
KapTeG pmopel va e10ayBovV e OTOLONTOTE GEPA OOTOGO Yl Vo Elval 0 KOOKOG
KOAOYPOUIEVOS KOl EDKOA JLOXEPICIUOG, TPOTEIVETAL 1) EIGAYMYN KOPTOV VO YIVETOL

LE o AOYIKT GEpdL.

AxOUN 0 TPOYPOUUOTIOTNG UTOPEl VO €10AYAYEL TPOUIPETIKA Kol KOPTEG e
OYOMOGLO TOV KMOKA Y10l O1EVKOALVGT TOL avayvdoTn. O Kddkag ovoyvmpilel og
oxoMo To dedopéva mov Ppickovral apEécmg Letd to. cOuPora “*” 1 “$”. H elcoywyn
OYOMOGHOL av kol ypovoPBopo kabictoton omopoitntn kOTE TN HEAAOVTIKN

eneepyacio Tov KOIKO 0O OTOOVONTOTE YPNOTH).
6.3.1 Evrtomopnig cpoipdtmv (debugging)

Katd ™ dwdwkacio tov debugging tov kddwka Otav gviomiotel og pio Kapta Evol
CQOALO  GUVTOKTIKOV (my. o€ oAeaplBuntikd mnedio evromotel  oplOUNTIKY
TapApeTpoc) tote epgaviCetor évo unvopa Omov avoeEPEL TNV KAPTO KOt T GTHAN
OV EVTIOMIGTNKE TO GOAAUO EVD OTO ONUEIO TOV KMOKO OOV TAPOLGIALETOL TO

o@aApa eppaviCetot o cOUPoro “N.

Xe éva mPOTLO UNVLUA GOAAUATOS TpoNyeital pio. aAANAovyio 0T 0CTEPICK®V
(FAFEEERE) v omolo akolovBel To punvopa tov cedipatog. Eivor amapaitmto o
TPOYPOUUATIGTHG VO KATAAAPEL TG Vo UVOLLO COAALOTOS UITOPEL VL TO S1odEYTOVV
TOAAG  OKOHO UNVOUOTO CQOAUATOV AOY® 1TNG TPOoTAOelng TOL KMOJKO Vo
enefepyaotel eoc@aipéva dedopéva. T'o avtd T0 AdY0 M KOADTEPT TAKTIKY] TOVL UTOPEl
vo akoAovOncel kaveic etvor vo dfdcel, vo Kotavonoel Kot vo dopfdcel Ta

oQAALOTO LLE TN GEPA e TNV omoia epeavilovtal 6To KelEVO.

6.4 Aladikaola KaTaockevnG £voG povtédov RELAPS

H dwdwkacio kataokevng evog poviéhov RELAPS givar mapopowa pe m dadwkacio
KOTOGKELNG TOV (PLGIKOV GLUOTNHLOTOG TO O0oio povielomoteital. Avtd onpaivel Ot
YL TNV KOOIKOTOINGT TOL GUOTHUOTOS OTOLTOVVTOL TO KOATAAANAQ SOUIKA oTOovyEin
(building blocks). Ta building blocks tov RELAPS ywpilovtar ce técoepic

Kot yopies:
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Oepuovopavikn kotnyopia (thermal-hydraulic group): amoteleitor amd to
otoyeia mov Tpocopolalovy kat eAéyyovv t pon (ITivakoag 6-1).

Katnyopio Oepuikdv otoyeiov (heat structures group): mpoocopoldler to
VMKA Kot TIC OAANAETIOPAGELS HETAED TOV VAKOV KOl TOV PELGTOD.
Katnyopio onudtov okavoaiicpot (trips group): mpocopotdlel to orjuoto
oKavooMopoy yuo v évapén Aettovpyiog Tov €EomMopoV, OTMG Y.
gvepyomoinon  avtiag, Aavorypo-kAgioyo  ekTovoTikng  PoaAPidoac o€
GLYKEKPLULEVN TTiEoT) K. 4.

Katnyopio petapintodv edéyyov (control variables group): mpocopolalet to

ovotuata eAéyyov (ITivakag 6-2).

Ta Pacwd Beppoddpoviikd otoryeio SOUNoNGg €vOC HOVIEAOL TPOCOUOIWGONG

amoteAoVV T vIpoduvoutkd ototyeio. (hydrodynamic components) kot ta Ogppukd

ototyeio (heat structures).Ta vépodvvouikd ctoyein cvpufoAifovtar pe TOV KOIKO

CCCXXNN o6mov:

CCC: eivor o aptBpog tov otorygiov (001-999)

XX:

NN:

glva o TOmog TG KApTag

etvat 0 ap1Bpog g képtag evtdg evOg TOTOL

Ta Oeppikd oroyeio emedn eivor mavta aAAnAévosTa pe ta LOPOSLVAIKE GTOLXELN

péosa ota omoia Bpickovror cupporilovran pe tov kwdkd ICCCGXNN omov:

CCC: e&ivar o apBpdc tov vépodLVOLIKOL GToLyEiOV

G:

X:

NN:

etvat 0 TOmog Tov Beppkod cToryeiov
glva o TOmog TG KAPTag

elvat o ap1Buog g kdptag evidg evog TOTOL

Mo v Kataokevn evog povtédov pe tov kodtko RELAPS, eite o poviun (steady

state) katdotaon eite oe petaPatikny (transient) katdotaon omapaitntn givar M

EICOYMYN TEPLGGOTEPOV TOV €VOG oToryeiwv Omov 10 kdBe éva Ba mepiéyet

nePLocOTEPEG amd pia kapteg dedopévav (cards) otig onoieg Oa avaypdpovtor pia M

neplocotepeg Aé€eic (words).
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Test section

*
*
*
* name type

2000000 testsec pipe —> wWord
* volnumber

2000001 20

Component

Card

ymua 6-1 Tlapaderypa otoryeion, kaptag Ko AéCng o€ Eva TUNIA TOL KOOKO
RELAPS

H Aemtopepng emeEnynomn g kabe katnyopiog Kabadg kot tov kdbe otoryeiov TV
Katnyoplov Eepedyel amd o TAaicia g mapovong AA. Qo1dc0, 0 eVOLAPEPOUEVOC
umopel va Bpel mEPIGGATEPES TANPOPOPIES Y10 TOV KAOJKA KOt T GUVTOE TOV GTO

gyyxepiodlo tov RELAP5/MOD3 [112].
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[Tivaxag 6-1 Zovoyn tov Beppovdpaviikdv ototyeiov tov RELAPS [110]

Component Label Schematic Primary Uses
Single-volume | SNGLVOL Represents a portion of stream-tube that does not
|:l require a PIPE or BRANCH.
Pipe PIPE Represents a pipe in the system. PIPE can have 1 to
E 99 subvolumes. PIPE with more than 1 subvolume
has internal junctions connecting the subvolumes.
Annulus ANNULUS Special form of PIPE. Has the same characteristics
as PIPE but is used to simulate annular flow
passages (e.g., downcomer).
Pressurizer PRIZER Special form of PIPE. Has the same characteristics
as PIPE but is used to simulate a PWR pressurizer.
Branch BRANCH Represents a stream-tube flow juncture that can
D have as many as 9 junctions defined.
Separator SEPARATR Special form of BRANCH that simulates a liquid
separator in a steam generator.
Jet Pump JETMIXER Special form of BRANCH that simulates a jet pump.
Turbine TURBINE Special form of BRANCH that simulates a turbine.
Feedwater FWHTR Special form of BRANCH. It has special
Heater characteristics for modeling a feedwater heater.
ECC Mixer ECCMIX Special form of BRANCH that simulates a
stream-tube flow juncture with a potential of large
condensation rates.
Single-junction | SNGLIUN Designed to connect one component to another,
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[Tivaxag 6-1 Zovoyn tov Beppovdpaviikmdv ototyeiov Tov RELAPS [110] (cuvvéyeia)

Component Label Schematic Primary Uses
Multiple- MTPLIJUN Connects components to other components (up to 99
junction connections allowed).
Time- TMDPVOL Specifies boundary conditions on system model.
dependent I:l
Volume
Time- TMDPJUN Connects one component to another and specifies
dependent > junction boundary conditions concurrently.
Junetion
Valve VAIVE Simulates the actions and the presence of six
% different valve types: check, trip, inertial, motor,
servo, and relief. The valve component is a speeial
junction component.
Pump PUMP Simulates the actions and presence of a centrifugal
—@_> pump.
Compressor CPRSSR Simulates the actions and presence of a compressor.
Accumulator ACCUM Simulates a PWR accumulator. Model mcludes not
@ only the vessel, but also the accumulator surge line.
Multi- MULTID Simulates a PWR core and downcomer.
dimensional g
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[Tivaxag 6-2 Zovoyn tov petafintodv eréyyov tov RELAPS [110]

Component Label Function
Sum-Difference SUN Allows addition or subtraction of variables
Multplier MULT Allows multiplication of variables
Drvde DIV Allows drvision of two varables
Dufferentiating DIFFRENI or Performs differentation of a vanable as a
DIFFREND function of tiume
Integrating INTEGEAL Performs mtegration of a varable as a
function of fims
Functional FUNCTION Defines 3 table lockup functional relationship
to a variable
Standard Function STDINCTN Performs absolute value, square root,
exponential, natural logarithm, sine, cosine,
tangent, arc-tangent, mimmum value, or
maxnm value operation on designated
variable
Delay DELAY Acts as a tone delay facior operatung on
designated vanable
Utut Trip TRIPUNIT Becomes true at defined time (when trus =
definad factor, when false =0); alzo can be
defined as complementary function
Tunp Delay TRIPDLAY Becomes true at defined tune (when true = tnp
time % factor, when false =-1)
Intezer Power POWERI Grves vaniable rased to mteger constant

power T quantity funes constant
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[Tivaxag 6-2 Zovoyn tov petapintodv eréyyov tov RELAPS [110] (cuvéyeia)

Component Lakel Function
Real Power POWERER Gives variable raised to real constant power R
quantity mmes constant
Variable Power POWERX Gives variable raised to real variable power V
quantity tmes constant
Propaortional-Integral PROP-INT Defines a proportional-integral controller
Lag LAG Defines a lag controller function
Lead Lag LEAD-LAG Defines a lead-lag controller function
Constant None Defines a constant value to be nsed with other
control variables
Shaft SHAFT Defines shaft characteristics that may be usad
i conjunction with a generator
Pump control PUMPCTL Defines a pump controller {used principally
during steady-state portion of analysis)
Steam control STEAMCTL Defines a steam flow controller (used
principally durng steady-state portion of
analv=is)
Feed control FEEDCTL Defines a feedwater flow contraller (used
principally during steady-state portion of
analyzs)

211G eMOUEVEG TOPAYPAPOVS TOV KEPOAaiov mapatifevrol Ta 6Tdo TPOGOUOIMONG
™G Sadkaciog ETavAayYvENG €K TOV KAT® OTmG dlevepynnke oto OYK ota mhaictlo

™mg AA.

6.5 A&LoA0yN01 XPNOLHOTION6TC KWOSIKA

[Ipwv v egpappoyn tov kddika RELAPS ywo v mpocopoimon o KotdoToons
etvar amapaimro vo extiunfel amd Tov TPOYPAUUATIOTH av TO TPOPANUO UTopel va
TPOGOIOPIGTEL OO TOV KMOOKA Kot pEYPL oo Paduo. T mapdaderypa, ov 1 epaproyn
7oV KaAgitan va Tpocopoldoet Exet ekTiun el Ko 610 TapeABov and Tov KdowKa, TOTeE
0 TPOYPOUULOTIOTHS UTOPEL VO TPOYWPNGEL 0TV OvdAvot tng dtadikaciog. oT10c0,
OV 1 CLYKEKPIUEVN KOTAOTACN TBETOL Yot TPAOTN GOPA TPOg avAaivon, tote eivor
YPNOo vo AneBel v’ Oyv 10 TapaKAt® Aoykd Sidypappa (Zynua 6-2) Tpv v

EQOPLOYT TOV KOIKO.
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Armrarrouvral

— Nar
Mn xpnoitporroinBei
O KWdIKag adslodoTnuéva
RELAPS5/MOD3 TTpoidvTa;

Amrairolvral
TQPXIKEG/OPIaKEG OUVBNAKES
EKTOG ATTO QUTEG TTOU

QIABETEI O KWDBIKAGS

ZUpBOUAEUTEITE
v INEL

pnoigoTrolsital
eAappu vepO;

Mn xpnoiporroinBei

0 KWdIKAg
RELAPS5/MOD3

ival Ta TomKa @avopeva
neutronics onUavTikdg;

O HOVTEAQ/OUOXETIOE
TTou aTrarouvTal gival
SIAPOPETIKA aTTd auta

qoU BIGBETEI O KWBIKAGS

ZUPBOUAEUTEITE
Tnv INEL

pelGZeTal N XxpRon Twv
HOVTEAWYV neutronics:

MpoxwpnoTe oTn

ival Ta agovika @aivopeva
neutronics oNUavTikg;

XpAon Tou
RELAPS5/MOD3

KIVATIKAG ONUEiOU;

XEI XPNOIPOTTOINOE

0 KWdIKag yia Trapopola
EQappoyn oTo
TTapeABov;

ival ETTapKA Ta HOVTEAC

Mn xpnoipoTtroinBsei
0O KWdIKag
RELAP5/MOD3

Nai

Eival o kWwdikag
IKavOg va avaAUoEl
TO TIPOPBANUa:

"EXOUV ETTITUXE!

TIPONYOUHEVEG
EKDOOCEIG TOU KWIIKA O

JTapopoia epapuoyn

Ox
ZUPBOUAEUTEITE
Tnv INEL

Mn xpnoipoTtroinBei
0 KWdIKag

RELAP5/MOD3

Mn xpnoipgotroinBsi
0 KWdIKag
RELAP5MOD3

Nai

MpoxwpnoTe oTn
Xpnron Tou
RELAP5/MOD3

MpoxwpnoTe oTn
Xprion Tou
RELAPS5/MOD3

MpoxwpnRoTe o1
XpAon Tou

Nai
RELAP5MOD3

Yynua 6-2 Aoy duaypoppa a&loldynong ypnotponoinong koddika RELAPS/MOD3 [110]
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6.6 XITASLA AVAAVGTG TWV MEPAUAT®WV EMAVAPUENG EK TWV KATW

Mo v avdivon TtV TEWPOUATOV ETAVAYVENG €K TOV KATO OnOS ouTd
npaypatoromdnkav 6to @YK tov Epyactnpiov [MTupnvikng Teyvoloyiag ota mAaicto
G mapovong AA, axoAovOnOnke po ovykekpluévn mopeia Pnudrov. H mopeia
enilvong koteypaen og va Piprio epyacidv (Iogbook) oo omoio eneEnyodvion 6Aot
Ol VTTOAOYIGHOL KOt Ol TOPAUETPOL TOV OVOPEPOVTAL GTO TEMKO KEIPUEVO TOV KAOIIKAL.
21 ovvéyeln mapovcstalovtal To 6TAd VAALGNG TOL GKOAOLONONKAV TPV TNV

CLYYPOPT) TOL TEAIKOU KOOIKO.

Inuovtikd fonnua yio T cuyypaen TOL TEAMKOD KMOWKO OTOTELEGE O KOJIKAG TMV

Chung et al. tov 1996 [117] o omoiog apopovoe ta nelpdpata enavayvéng FLECHT.

6.6.1 Xuykévipoon Kol 0pyaveOoN TOV TANPOPOPLOV mov opilovv TNV

TEPUNOTIKY EYKATAGTOON

210 oTAO0 OVTO GCLYKEVIPAOVOVTOL OAEG Ol TANPoQOpieg TOL a@OopPovV TNV

TEPAPOATIKN EYKOTAGTACT Kot TASIVOLOUVTAL 6TIG dV0 aKOAoLOEG KT yopies:
o ITAnpopopieg Yo o VOPOSVLVAUIKE GLGTHLATOL

2g aUTV TNV KaTnyopio. aviKovy To KovAAL SOKLUOV Kot 01 OYKOL EAEYYOVL OTNV
eloodo kot oy £€000 Tov. O1 dyKol EAEYYOL 0pLOBETOVV Kot TUNLOTOTTOLOVV TO
TPOG TPOGOUOIWGT GVGTNUE MOTE VO ATOUOVAOVOVTAL KOl VO LOVTEAOTOLOVVTOL
Hovo T onuavtikodtEpO ototyeia g Beprotiopaviikng eykatdotaong. [dwaitepn
pocoyn mpénel va. d00el 6T1g S106TAGES TOL KOVOALOD KABMG Kot 6TIG GLVOTKEG

TOV YUKTIKOV HEGOV EVTOG TV OYK®V EAEYYOV.
e [IAnpogpopieg yia ta Beppikd ororyeia

Xe autnVv TV Koatnyopio evidooetol Lovo n nAektpikd Beppotvopevn papoog mov
Bpioketar oto TuRua dokumv. Ot mwAnpoeopieg mOv  eVOLPEPOLY  TOV
TPOYPOUUUOTIOTH] APOPOVV TO VAIKO 0omd to omoio givar @tiaypévn n pafoog, ot
dwothoelg g, M Tomobecion TG €VIOE TOL KOVOAOU JOKIUADV KaBMOG Kol M

Beppikn| 1oy0¢ ™G ava povado KOG,

148



6.6.2 KaOopiopoc, Tunparomoinen (nodalization) kar oproBétnon cveTipatog

TPOGONOIMONG

O kaBopiopds, N TUNUOTOTOINGT KOl 1] 0pLoBETNGN TOV GLGTHIATOG TPOGOUOIWMGNG
amotedel éva mOAD OMUOVTIKO OTASO0 TG OvAiAvong Kot To 6TAdl0 G610 Omoio
TPOYLOTOTOOUVTOL OAOL Ol LIOAOYIOUOT Ol OToiol aPOPoVV ToV KAOOPIGUO T®V
apYIK®V ouvOnk®V ToV TPOPANUOTOS KAOMG KOl OA®V TWV OCTACEDV TV

EUTAEKOUEVOV CLGTNUATOV.

Kotoapyds, onuoviikd koppdrtt avtod tov otadiov amotelel o Kabopiopdg kot 1
KOOKOmoinon twv Oepuikdv ototyeinv, TV OYK®V EAEYYOV Kol T®V CTOLXEI®V TTOV
TOUG GLVOEOLVY peTaEL Tovug (ohvdeopor). Ot Oykor €AEyxOL KOl Ol GUVOEGHOL
yopilovtar otovg ypovikd eoptopevoug (TMDP) kot o©T0UG U XPOVIKA
eEoptdpevovg (SNGL). Ta ypovikd eEaptodpeva otoyyeia, oe avtifeon pe ta un
XPOVIKA, Sivouv GTO ¥PNoTN TN SLVOTOTNTA EICAYOYNS TOV OPYIKOV GLVONK®OV TOL
nepdpatog Ommg givar n mieon, n Beppokpacio Kot N wopoyn LALaS TOL YUKTIKOV.
Yovnbmg og ypovikd eEaptopevo ototyeioa opifoviar ot Oykol €Aéyyov koi Ot
OUVOEGLOL TPV TO KOVAAL SOKIU®V. Q¢ un xpovikd eEaptapeva ototyeior pmopoldv va
BewpnBovv ot Gykot EAEYXOV Kot 01 GLVOEGHOTL TOVG LETE TO KOVAAL SOKLU®MV Ol 07010t
Aertovpyobv kuplog cav defapevny amodnkevong YukTko petd T deaymyn Tov
TEPAATOG ETAVAYLENG EVD 1) LEAETT) OTOLOVONTTOTE POLVOUEVMV GE OTOVG OgV Elvar

KEVIPIKNG ONUAGIOG Y10l TOV EPEVVNTY).

2opeova pe v avdAvon g dtadtkaciog eravayvéng kot Aapupdvoviag vToyy Ty

eykatdotaon tov OYK katainéape otnv Kodikomoinon tov akoiovdmv ctotyeiwv:

I.  H &lc0d0g TOL WYUKTIKOD HUEGOL GTO KOVOAL SOKIU®DV KMOKOTOLEITOL G
TMDRP Inlet Volume: 100

ii. O o0vdeouog €160000 TOL WYUKTIKOD GTO KOVOAL OOKIU®V O 0moiog
Kodwomnoeitor og TMDP Inlet Junction: 110

iii. O obvdeopog €000V TOL WYLKTIKOD OmO TO KOVAAL SOKIUDV O Om0i0g
kodwkomoteitan g SNGL Outlet Junction: 120

iIv. H £Eodog tov YyukTiKoD HEGOL amd TO KAVAA SOKIU®OV KMOKOTOLEITOL MG
SNGL Outlet Volume: 130

V.  To kavéir soxiypudv mov avtiotoryiletoan 610 Beppotvopevo tunpa g pafoov

Kot T0 omoio kKmdkomoteitan w¢ Test Section: 200
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vi.  H Bgppoarvopevn papdog n omoio kmdikomoteiton g Heated Rod: 1200

Metd tov KaBopiopd TV GTOLKEI®MV TOL GLGTLATOG KOAOVOEL 1] TUNLLOTOTOINGT TOV
KOVOALOD OOKIUMV TO OTOl0 OmOTEAEL TO GTOWXEI0 TOL GLOTNUOTOS GTO OMOio
eoTdleTOl N TPOGOYN TOL OVOAVLTH. XKOTOG OVTNG TNG TUNUATOToinong eivar m
AEMTOUEPESTEPT UEAETY] TNG GLUTEPLPOPAS TOL WUKTIKOD HEGOL O€ KOOOPIoUEVES

TEPLOYEG ALTOV TOV VOPOSVVOUIKOD GTOLYEIOV.

O amAovoTEPOC TPOTOG LTOJIAIPESN G EVOC OYKOV EAEYYOV €lvan M dwaipeon OAOV TOL
dykov og wooueyéberc kouPouvg (nodes). Ouwg to péyeboc tov kabe koOUPOL dev
umopet vo etvar avBaipeto adAd Tpémel va vIOKEITAL 6TOVG £ENG 6VO TEPLOPIGLOVG:
TPENEL 0 AOYOG TOV UNKOLG TOL KOUPOL TPOG TNV VIPAVAIKT SIAUETPO TOV Vo, glvar
LeYOADTEPOG M 150G TG LOVAdOG Kol TO Oplo Courant® va givau HKPOTEPO N 160 e TN
povada avaroya pe v pebodoroyia exilvong mov ypnowonoteiton (implicit solver 1
explicit solver). Ztnv mpokeévn avaioon eréyyetor LOVO 0 TPMTOC TEPLOPLOUOC
KaODC 0 €AeYX0C TOL OEVTEPOV TEPLOPICUOV TPAYHOTOTOLEITOL omd TOV 1010 TOV
KOOIKO KOl G€ TEPIMTO®ON U1 OMOSEKTNG TIUNG, TUTAOVEL COAAUN Kol TeppaTiCeTon

amgvbeiog 1 eKTEAEST TOVL.

Kotd v avdivon kot mpog yépv amAodGTELONG TG OdIKAGI0S TPOGOUOimoNg,
TUNUOTOTOMONKE HOVO TO UNKOG TOL KOVOALOD OOKIUOV oL avTiotoryiletol 6to
Beppovopevo tuqua g pafoéov (1.016 m) epdcov oe ovtd TO TUMUQ
TPOYLOTOTOIOVVTOL KOl LEAETMVTOL OA TaL pavopeva emovayvéng. TlpotdOnkav dvo
TPOTOL TUNUATOTONONG: 0 TPMOTOG YwpPilel To Kavai dokiudv oe 10 icovg kdpuPpovg
Kot 0 dgvtepog o€ 20 ioovg kOUPovg dmov 10 unKog kébe kopPov Bewpeitan ico pe
0.1016 m ot 0.0508 m avrtictoryo. Xe kdbe mepimtwon eAEYXETOL O TPAOTOC
TEPLOPICUOG TOL peyéBovg tov KABe KOUPov OGmov KoL TPOKVLTTOLV T €ENG

OTOTEAEGLLOTAL:

1" tunuotonoinon:

8 Opio Courant: KaBopilet tov péyioto ypovikd Prpatiopd e Tpocopoinscng Kol tloo0Tot fe Tov A0Yo
TOL PNKOLG TOV KOpPoL (N0de) g Tpog v HEYIETN ToVTTO TOV YUKTIKOD LEGOV.
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2" tunuoronoinon:

e owto To onueio avagépetal 0Tt n Tpoondbeia Tunpotonoinong oe 30 kOpPovg pe
unikog koppov 0.034 m amoppipdnke Kabmg Ba 0dnyovoe oe Adyo unKovg KOpUPov
TPOG VOPOUVAIKY] SIAUETPO PKPOTEPO TNG LOVEAIOG,.

H tym g vopovikng dwopétpov (Dp: Hydraulic Diameter) mov avtiotoygel ota,

0.03413 m wpokvH7TEL OO TOVG EMOUEVOVG VITOAOYIGUOVG:

6-1

omov 1 meproy poric (Flow Area) wwobtar pe 0.001765 m.

A6 100 mopamdve eivol  EUEAVEG TOC KOl Ol VO  TPOTEWVOUEVOL TPOTOL
TUNUOTOTTOINGNG EIVOL EVTOG TV TEPLOPICUMY KO LITOPOVV VO, ¥PNGLLoTotnfody Kotd

N HOVTEAOTTOINO).

[Ipwv kataAnEovpe 610 TEMKO TPOTEVOUEVO HOVIEAO TO OMOI0 TOPOVGLALETOL GTN
GUVEYELD, YPAPTNKOV KOl EKTEAEGTNKAY 0V0 KDOOIKEG TPOGOUOIMONG TG EMAVAYLENG
Aappdvovtag v’ Sy TG 000 TPOTEWVOUEVES OLUPOPETIKEG TUNUOTOTOWGELS TOV
KOVOALOD SOKIUOV. ATO T ATOTEAECUATO TOV dVO KMITK®OV TPOEKLYE TO Zynuo 6-3

oL TOPOVSIALEL TN PNUATIKY TPODONGT TOL VYPOV LETOTOV GUVOPTHGEL TOV YPOVOL

EMOVAYLENC.
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Zymua 6-3 Adypappo Ppatikng Tpomnong Tov vypol HETMTOV EVOVTL TOV XPOVOL
Yl T1G 000 TPOTEVOUEVES TUNHOTOTOIGELS TOV KOVOALOD SOKILADV

Ao 10 TELeLTOiO oYU ETKpATEL 1| TPOTAGN TOL HOVTEAOL TV 20 KOUPwV KabBdg M
Bnuatikn Tpo®dOnom Tov VYPoL peTOTOL givor opoAdTePN. EmimAéov o vmoloyioTikog
YPOVOG eKTEAEONC TV TpocopoldcemV pe 20 kKOpPoug dtapépel eEAdyoTo amd TOV
xpOvo ektéheonc mpocsopoiwoemv pe 10 kopPovg. Xopaktnpiotikd mopddstypo, 1
npocopoiwon tov mewpdpatog 07101412.14 pe tpunpatomroinon 10 kopuPwv dmjpknoe
26 S evd 0 Cpu ypodvog petpnonke ota 20.2. Avtictolya, 0 ¥pOvog TPOGOUOIMONS TOL
d1ov melpapatog aArd pe Tunpatoroinomn 20 kopPwv dmpknoe 43 S e Cpu xpovo 6o
pe 30.2. Qotoéco, o ypNHotng mpémel va. yvopilel mog 1 emoyn Tov KOuPov
nepropileton Ko amd TV eAevBepn pLviun Tov vroAoylot kabmg ta apyeio e£6d0v
tov mepapdtov 20 kopPov sivoar oxeddv omAdola and ta opyeio €£600v TV

nepapdtov pe 10 képpovc.
O\a ta oToryeio ToL KOJKA omekoviovTol GYMNUaTIKG oTnV Zynuo 6-4:
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Outlet volume

Outlet junction

Test Section

Heated rod

Inlet junction

Inlet volume

Zyua 6-4 Zynuotikny avaropdotaor kabopiopol, optofETnong Kot TUNHATOToinog
TOV GLUGTNLOTOG TTPOGOUOIMGTG
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6621 Lt MmOt v dAs [RM{ L1 HIJIRHESY M(CT1VLZ

H mpocopoimon g Beppoatvopevns papdov eivar amd T MO 0VGLUCTIKG KOUUATLOL
oV KOO, Tunuortomoteitar oploviia og kOuPovg icovg pe tov aplud tov KOpPmv
TOL KOVOALOD SOKIU®OVY evd dtayopiletan kdbeta o mAéypata (mesh points) ta onoia
avVTIGTOLYOVV G010 SAPOPETIKE VAIKA TG pdfdov. Xtnv mapodoo peétn, n pafdog
dwywpiotke oe 6 TAEypata o omoia mpocsopolalovy ta 3 Kupldtepa TUNIATE TNG:
10 TEPIPANUA amd avoEeldmTo YdAvPa, TNV TEPLOYN TOV TEPILEYEL TN GKOVI] TOL
o&ediov tov poyvnoiov kabm¢ kot To kKEVIPO G PAPBOOL OV amoTEAEITOL KOl QLTO

a6 avo&EeidwTo ydAvPa.

Ynrdpyovv avapopés otnv maykooue PipAoypaeio mmg ot BepLo@LOIKES 1O10TNTES
TOV 0£E1310V TOV PayvNGiov 110TNTEG TOL £ival TAPOUOIEG LE TIC VTES TOV d1o&eldiov
7oL ovpaviov [118] kot £To1 KOTA TV TPOGOUOIMGN UTOPOVV VAL XPNGILOTOINO0vV Ot
Kotoyopnuéves 6to RELAPS/MOD3.3 gyyeveig Biflodnkec 1010ttov tov d10&etdion
0V ovpoaviov. Q61dG0, TPOKEWEVOL Vo, TPOGOUOImBEl o peoMoTiKd 1 pAPdog g
EYKATAGTAONG, Ol OEPUOPLOIKES 1010TNTEG TG oKOVNG 0&ewdiov Tov payvneiov og

CULUTECUEVT] LOPOT] YpNopomomOnkay otov kmdtko [119].

6.6.3 Ewsayoyn ko apytkomoinon Tov tpofAipatog

To 614610 owTO TPémer va akoAovONBel pe apketd peydin tpocoyn KabdS e avTd TO
otado Eekvdel 1 oUVTOEN TOL KOOWKO KOl yivetor 0 €AEYXOG YlOo. GOOALOTO KOt
OCVLVETELEG TPV TNV emelepyacia TV TeEMKOV amotehecudtov. Eival onpovtikd va
d00¢l mpoooyn otig cuvONkeg €16600V TOL TTPOoPANUOTOS KAOMG elvarl o Waitepa
xpovoPBopa dwdwkacia 1 omoio. ®wotdco eivor avt mov Kabopiler 10 TEAMKO

OTOTEAEGLLOL.

H ¢tocopia pe v omoia dopeitor 0 kddkag mpocopoimong evog mTpofANpHoTog

emovayvENG, N omoio akoAovONONKE KOl GTN CLYKEKPLUEVT TTEPITTMOOT), £XEL OG EENG:

1. 21 el00ymykég KOPTEG TOL KMOWKO KOl UETO TOV OPIOUO TOL TOTOL TOL
mpoPfAquatog, elvol omopoitnTo VO OpIGTOOV 1 YPOVIKY OLUPKEWL TNG

TPOGOUOI®MONG KOl 0 YPOVOG TEPUATIGHOV TNG. LMNUOVTIKY] ETIONG AETTOUEPELN
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glvol kot 1 duvaTdTNTO EMAOYNG TNG EMBLUNTAG CLYVOTNTOS KATOYPAPNG TOV

amOTEAECUAT®V 61O apyeio eE600v.

2. X ovvéyewn, avaioyo pe to {nrodueva amoteléouato Kabopilovior moteg
nopapetpol Bo vworoyiCovtarl kot o TVTOVOVTOL 6TO apyeio €£000V EMUTAEOV
VTGOV OV givan ON ot Alota dedopévev Tov Koowoa. o mapddetypa, oe po
mpocopoimon emavayvéng {nteital amd 10 TPOYPOUULO VO VTTOAOYIGEL KOl TN

Beppokpaocio emavayvéng 1 oroia opiletar otov kmotka RELAPS w¢ TREWET.

3. 'Emetta, dlveton 1 SuvatdOTTO GTOV TPOYPOULUATIOTH VO, OPIGEL TN YPOVIKN OTIYUN
Evapéng e emavayvuéng HECH TOV KOPTOV CKOVOOAIGUOD TOL KMOKA. AvTtd
TUTTIKG onuaivel OTL Pmopel Vo OPIoTEL M YPOVIKN VLOTEPNOYN €GOS0V TOL
YUKTIKOD GTO KOVOAL SOKIUAV OO TN GTIYUN EMOVAPOPAS THG PONG TOV, OTMG

aKkp®Og cupPaivet Kot TEPULOTIKE.

4. To tehko Ppa eivorl 1 TPOGEKTIKT EIGOYWYN OAWV TOV KOPTMV TOL 0POPOVV TO,
VOpodVVApIKG oTolxelo. TOL HOVTEAOL OmMG €ival ol OyKOol €AEYYOL Kot Ot
CUVOEGUOL. XT1C 101eC KAPTEG €16AYOVTOL KOl OAEC Ol OPYIKEG TELPOUOTIKEG
cuvOnKeg OTMOC Kataypdeovtol omd to LETPNTIKA dpyoava oTny EVapEn TOV TPOG
TPOGOUOI®ON TEPAUATOS ETAVAYLENG. AVTEG O apPYIKEG GLVONKESG LPOPOLY TNV
mieom, v apyikn Oeppokpacio tov Beppocstoryeinv g pdfoov kabmg kot ™

Beppokpacio 16600V Kot TNV Tapoyn LALaS TOV YUKTIKOD HEGOV.

‘Eva. amd 1o Mo ovclooTikd KOPPATI. 0vTOL TOL TUNMUOTOS TOL KAOJWKO givol 1
npocopoiwon ¢ Oepuavopevng papoov. Lty KOpTOL TOL OEOPAE TA YEVIKA
YOPOKTNPOTIKE TNg paPoov opiletor €kTOG TOV GAAOV Kot TO TPOPANUQ
mpocopoiwong og mpoPanua eraviyoéng (kapto 12001000, éktn A&EN, Ty 2). H
€Kt AEEN NG KAPTAG QVTHG OVOPEPETOL MG «OTHOTO» ETOVAYVENG. ZOUPOVO LE TO
Input Manual [110] RELAP5/MOD3.3, ywo. va aviluetoniotel to mpofinua g
TPOPANUa emaviyvéng mpémet vo tebel pio pun undevikn tipn| ot AéEn avtn kot tote
10 TPOPANUa petapopds Bepudtntag yivetar owodidotato. Emmiéov, 1 emhoyn g
TIUNG 2 6TO GLYKEKPUEVO TPOPANUa opilel TV Evapén ¢ emavayvéEng g T GTIYUN
nov Eekvael 1o otéyvopa g papdov (dry out), dtov dnradn o KAGGHO KeEVOD gival

petald tov tiudv 0.1 (oyedov oteyvn papdog) kot 0.9 (oxedov adeto Kovair).
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Yt TMopaptiuata oto Kepdhiao §I16yiveron avaivtikny mopovcioon OAmv Ttov

TOPATAVEO PNUATOV TOV APOPOVV TN PIAOCOPIN TNG dOUNCTE TOV KOSIKO.

6.6.4 Extéleon 1ov kddka RELAP5/MOD3.3 kat avaAvo) Tov 0woTEAEGROATOS

H tehikn @don g dwdkaciog TPocopoiwons eUmEpLEYEL TNV EKTEAESN TOL

TPOYPAUUOTOG KOL TV OVIAVCT| TOV ATOTEAECUATMV.

H evtolq extéleong evog mpoypaupatos RELAPS/MOD3.3 divetar 610 TEpUATIKO
tov H/Y wou givon 1 €€ng:

relap5 —i rewet.f —o data.out —r data.rst

omov rewet.f eivar to dvopa Tov KMdKO, Ypouuévo og yAwooo, fortran, data.out eivau
10 dvopa tov apyeiov €£0d0v 6mov cVUTEPIAOUPAVEL TO GUVOAO TMV VIOAOYIGUMOV
Onmg mposkvumTay UETO 0md KABE emaviAnym tov kddko ko data.rst eivor to
popeomompévo apyeio e£660v oto omoio givor amobnkevpéva To ATOTEAEGLOTA TOV
KOO ATOTEAEGATO, TOV KMOIKO Oempohvtar ot TiéEG TV (NTOVUEV®V TOPAUETPOV

HETA amd KaOe emavaAnyn Tov KOdko, Ommg Tig £xel Kabopicel 0 epeuvnTiC.

[d1aitepn mpocoyn mpémet va dobel otV epedvion ceoALdToOV To omoia Teppatilovy
10 TPOYPOLIE vopitepa amd TO OvapeVOUEVO. XTOo Zynuo 6-5 amewoviletonr to
LWVOLO GOAALOTOS OTT™G EREavifeTal TNV 006V TOL VTOAOYIOTN:

tpthZo version 1.1.1, Tables of Thermodynamic properties of Iight water

RELAP5-3D: Errors detected during input processing.

Broooooooe No data cards entered for this case, all data deleted, or zero length
input file.

Zynua 6-5 MAvopo oedipatog tov Relap5/MOD3.3

[ va pmopEcet 0 TPOYPOLLLOTIGTNG VO EVIOTIGEL TNV TNYT TOL GOUALOTOG TPETEL VAL
avoitel to apyeio €£600LV kol va TOo «dopbmdoey, cOUPOVE Kol pe To OcQ

avaeépnkay otnv mopdaypago §6.3.1.

‘Enerta, epocov dopbwbohv Ol tor cQAANOTO KOl TEPUATIOTEL GOOTE O KMOKAGS,

Eexwvael M avdAivon tov amotedecpdtwv. To mpodto PrApa ywoo v avaivon Tov
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OTOTEAECUATOV €lval 1 YpOQIKN ameKOVIOT Tovg Omovyiveton pe tn Ponbeia Tov
EPYOAEIOL OMOTOHT®ONG AptPIOtg, 10 omoio eivan oe Béom va OwPdcer kot va
TOPOVGLAGEL OLOYPAUUATIKA To. dedopéva tov apyeiov data.plt evog mpoypdupatog
RELAPS [120]. To apyeio data.plt, mpokdmtel peTd T0 TEPAGS TNG EKTELEOTG TOV
RELAP5/MOD3.3 kot 1 avdyvoon Tov omoiov vyivetar ue T Ponbeia tov
npoypaupotog AptPlot (Kepdato §I16.1 Tapaptipara).

2V emoOpevn TopAypaPo YIVETOL 1 AVAAVOT TOV OTOTEAEGUATOV OTMG TPOEKLYOLV
petd v ektéleon tov kmdwko RELAPS kabmg kot m oOykpion tovg pe To

TEPAOATIKA OTOTEAEGLOTA.

6.7 Avdlvon anotedeopdtwv RELAP5/MOD3.3

[Ipwv Eexvnoel n avdivon kol GOYKPLOT TOV OTOTEAECUATAOV EVOG TPOYPAULOTOS
RELAPS pe ta mepoapotikd amoteléopata, ivor amopaitnto va yivouv apyukd ot

e€ng Eheyyou:
a) 'EAeyyog T@Vv apyIK®V Kot 0ploK®V cLVONKOV TOV TPOoPALOTOS

O apykég ko oplakés cuvOnkeg ot omoieg opiloviat amd Tov ¥pNoTn 6T TAAIGLO TOV
KOO, EAEYYOVTOL KOTE TO MEPOS TNG EKTEAECNG TOL MGTE va JAmGTOOEl av TO
TPOYPALLO. OAOKANP®OONKE COOTH. ZVYKEKPIUEVA, GTNV TEPIMTMOT EMOVAYVENG LE
TANUUVPICUO, GLYKPIVOVTOL Ol apYIKEG TEPAUATIKEG GLVONKEG TG Tapoyns Kalog
YUKTIKOD Kot TG Beppokpociog €600V YUKTIKOD GTO KOVOAL OSOKIUADV HE TIC
oLVONKeG TOV amodnKevLOVTOL GTO PYEI0 E£000V TOL TPOYPAUIOTOS Kot EAEYYOVTOL O

TUYOV ATOKAGELS HETAED TOVG,.
b) "EAeyyog yio Tov EVIOMIOUO U1 OTOSEKTMOV 1| U1 GVOIOAOYIKMOV OTOTEAEGLATMV

O mapdpuetpor tov apyeiov 6660V TOV TPOYPAUUATOS TPETEL VO EAEYYOOVV Yo TOV
EVIOTICUO UN OMOOEKTAOV N UM PEOMOTIKOV OTOTEAECUATOV. LTV TEPIMTOON TNG
TPOGOUOIWONG TG ETAVAYLENG eAEYYOVTAL OV Ol VTOAOYILOUEVES OO TO TPOYPOLLLLOL

TIWEG G Kplowng Oepiukng pofg CLUP®VOLV HE TIG OVOUEVOUEVEG OmO 1N

? https://www.aptplot.com/
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Biproypapia Twég g [121, 84], kot Gpo 0 KMOOKAG OMOTEAED TOPASELYHO LLOG
PEAMOTIKNG OepLODOPOVAMKNG TPOGOULOTIMONG.

Ot Tpoavapepdevol EAEYXOL OIEVKOADVOVTAL LE TN YPNOT OLYPOUUUATOV TO OTOoix
dtvouv o YEVIKOTEPY EMOTTEID TOL GUVOAOL TOV TOPUUETPOV TNG TPOCOUOIMONG.
Yto [Mopapmuota oty mapdypapo §I16.2  avaeépovtar avaivtikdtepa ot
TOPAUETPOL TTOL EAEYYOVTIOL HETO TO TEPOG TNG EKTEAEONG €VOG TPOYPAULOTOS

TPOGOUOIMONG EVO TOPATIOEVTOL KOl TO AVTIGTOTY0 10y PELLLOTO TOVG.

6.7.1 A&woloynon tov aroteleopndrov tov RELAPS5/MOD3.3

Mo va a&lohoynBel n dvvatdomTa TPOPAEYNG TOV OTOTEAEGUATOV TOL TPOKVTTOLV
uetd v ektéleon tov kodtko RELAPS/MOD3.3 mpaypatomoteiton obykpion petad
TOV  TPAYHOTIKOV Kol TV  7TpoPAemdpevov  Tiwov g Beppokpaciog tov
Bepurooctoryeiov Evavtt Tov ypdvov, evd vroroyiletor Kot 1 amdKAMoN TG TG TG

vroAoy1lopevng Beppokpaciog eTavayvEng amd TNV TEPALOTIKY.

Olo T00 TTOPATAVD OQOPOVV TNV TPOGOUOIMCT| HE YPNON TOV OepULOPLGIKOV
Wwwmtov tov ofewiov Tov payvnociov. Qotdéco, 6T0 TEAOG TOL KEPAAMIOV
Tapovcldlovial Kol Ol amoKAIcES TV TPoPAemOpevVOV OEPUOKPOCIOV ATO TIC
TEPALATIKES LLE YPTON TOV WOOTNTMOV TOL O10EELBI0V TOL oVPAVIOV Kot 0E0A0YOVVTAL

TOL OMOTEAEGLOTOL.

6711 grRmitu{m] A1 1B 1AZUMO Y

Amo to 715 mepdpoata enavdyovéng mov devepyndnkav, emA&yOnkav 4 mepdparto
oote  va  ypnowomombodv  ®g mapoadeiypato  aloAdYNoNS  ToLv  KMOKO
RELAP5/MOD3.3 6nwg ouvtdybnke oto mhaicio g mapovong AA. Ot apyikég
TEPOUOTIKEG cLVONKESG TOV eMAEXOEVTOV TEWPAUATOV TOPOLSIALovVToL TOPOKAT®

(MMivaxag 6-3).
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[Tivakag 6-3 [epapota eroviyvéng Tpog aE0AGYNoT LE TOV KOOTKO
RELAP5/MOD3.3

A/A | Meipapa | G (kg/s) | Tc (°C) | Tw (°C)

14051030.14 | 0.025 100 550

28051213.14 | 0.050 100 550

07101413.14 | 0.050 75 550

Al W DN

30101101.14 | 0.050 50 550

Ao TIc kaumOAEg TG Beprokpacioknig wotopiag Tov Beppoctolyeiov e pafoov ce
TEWPALLATO TTOV TPOYUATOTOWONKAV G€ GLVOTKEG KOPEGUEVOL YOKTIKOV (Zynpato 6-6
Kol 6-7), mopatnpeitol TG VO Ol TMEPOUATIKEG OEPLOKPUGIOKEG KOUTUAEG OEV
ocoumintovv pe TIc TpoPAremopeves and tov kddika RELAPS ypovikd, n popen toug
elvar  ovykpiown. Avtd omodeikviel TG 0 KOKAG Umopel kot mpoPAémer
KOVOTOMTIKG TO. PovOUEVE ETOVOWLENG otV empdveln g vrepBepuavieicog

PAaPOoL 6€ AVTEC TIG CLVONKEG.

14051030.14

* Predicted rewetting history of TC10
B Measured rewetting history of TC10
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yuo 6-6 XOykpion g TpayHoTIkng Oeprokpactlokng toTtopiag Le TNV
wpoPremopevn Beppokpaciakn otopia Tov Oeppoctoryeiov TC10 (neipapa No
14051030.14)
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28051213.14

* Predicted rewetting history of TC10
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Zymua 6-7 Xhykpion g mTpoyLoTIknG Oeprokpactokng wotopiag e Tnv
wpoPremopevn Beppokpaciakn wotopia Tov Oeppoctoryeiov TC10 (neipapa No
28051213.14)

Avrtifeta pe 11g cuvOnKeg KopesoD, 6e GLVONKES VTOYVLENG, Ol TEPAUATIKES Kot Ol
npoPArendpeveg KapmOAeg emavayving €xovv peydiec amoxiicels. Ot amokAicelg
avTéG MOOVAOS 0PEiAOVTOL GTO OTL PEYPL CNUEPA TO. PUIVOLEVO, TNG ETAVAYLENG TOV
Aappdvooy yopa petd amd LOCA dev €yovv kabopiotel 6Aa TANP®G pe T ¥pnom
povtédwv oto RELAPS. Zuykekpiéva, o KOG XpNCLOTOLEL LOVTELD LETAPOPAS
Bepuomrag mov dgv daywpilovv Tovg dV0 TPdéMOLE peTapopds Bepuotntag film
boiling otv eyydtepn meploy] tov vYpod peTdOmOL [Wwoén upe oTHO pEC®
deomapuévne pong otayovidiov (Dispersed Flow Film Boiling) kot yoén pe atuod
Moy aveotpappévng daktviloedovg pong (Inverted Annular Film Boiling) (Zynua
2-11)]. Axoun, o k®mdwkag dev AapPdver VoY ™V TPOdpoun WYOEN AOY® TOV
sputtering 1 Tov awvopévoy petapopdg Bepudtrag pécm pag peuPpdvne atuov ta.
omoia elval Evtova 6g TEPARATO ETOVAYVENG LE VYNAT TTopoyY| LALOS 1 LE DTTOYLKTO
VYPO, YEYOVOS TOV 0ONYEL KoL 6TV HELOUEVT KOVOTNTA TPOPAEYNS. ZOUPOVO LE TO
povtédo tov RELAP5/MOD3.3, yio va emovayvybel évag koppog, mpémel 1o vypod
HETOTO TOL APESMG TpoNyovUEVOL KOUPBOL va Tov @Tdoel, pe otabepr] dtddoom.
Qo1060, COUPOVE UE TEWPOUATIKG dedopéva, [122], 1 diddoon Tov VYPOD UETMOTOV

dev mpémetl va Bewpeitanr otabepn aAld xpovikd petaarldpevn evd eEoptatat EVvTova
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and to Qowvopevo g mpdopoune woéng. H pn otabepn S1ddoon tov peET®TOL
e€nyeiton Kot amd Ty TopoTpnon 0Tt AOY® TOV GOVOUEVOL TS TPOSPOUNG WOENG, N
Oepurokpacio Tov Toyy®patog TG vaepbepuavieicag pafdov dev mapapével otabepn

KT TN OdpKELN TNG EMAVAYVENG.

Ao avTéc TIC TapaTNPNoES KpiveTal Wwaitepa CNUAVTIKO Vo mpaypatomombel o
0VLCLUOTIKOTEPN OEOAOYNON TOV UOVIEA®MV TOV KOOIKO O OVIIOGTOAN HE TO
TEPoOTIKA ogdopéva Tov OYK evd mpoteivetal Kot 1 GVYKPIoN TOV TEPOUOTIKMOV
OTOTEAECUATOV HE TA XPOVIKA UETOPOALOUEVO HOVTEAD TTPOPAEYNS TG TaOTNTOG
TOV VYPOV UETOTOV, OTT®G £xovv mpotabel and tn debvn Piproypaeia. [Tapdia avtd,
HEYPL KOl CUEPQ O KMOOKOG Elvar v cuveyn a&loAdynomn Kot BeAtimon amd ToAAOVS

gpevvntég [123].

07101413.14

* Predicted rewetting history of TC10
— o B Measured rewetting history of TC10
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Zynupa 6-8 Zhykpiomn g mpayUaTikng Beppokpactokng wotopiag pe v
wpoPremopevn Beppokpaciakn wotopia tov Oeppocstoryeiov TC10 (neipapa No
07101413.14)
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30101101.14

* Predicted rewetting history of TC10
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yMuoe 6-9 Zhykpion g TpayHoTIknG Oeprokpactokng totopiog Pe TNV
npoPremodpevn Beppokpaciakn wotopia Tov Oeppoctoryeiov TC10 (neipapa No
30101101.14)

Avtioctoym Olapopomoinon peTaEL TV OepUoKPACIOV  TOPOVGINGOV KOl Ol
Beppokpaciakés kaumvieg tov Elias et al. [124] (ZyAuo 6-10) 6mov ot yapmAotepec
LETPOVUEVEG TEPAUOATIKES Oeprokpaciec amoddbnkav otnv avénpévn amaymyn

Bepuomtog anod ta Beppootoryeio e pafoov, Ady®m cuvaymyNg Kot akTvoPoAriog.
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ZyMuo 6-10 Zoykpion TEPAUOTIKGV Kot TPOPAETOUEVOV BEPLOKPACIOUKMV KOUUTVADY
tov mepapotog FZK No. T16106 [124]

Téhog, Omwg £€xet MON OomiotwOel Kol TPONYOLUEVDSG, OMO TO GUVOAO TMOV
SlypoptdTeOV emavayvéng mapotnpeiton wowg 1 TpOPreyn TG BEPUOKPACIOKNG
otopiag g papoov amd tov kddka RELAP5/MODS3.3, givar moAd kovid otmv
TPOYUATIKOTNTO Y10 TO TEPAUOTO ETAVAYVLENG OV dlevepynOnkav o€ GuVONKEC
KOpeoUOV. Q0TOGO, Ol TEWPOUOTIKES OEpUOKPACIOKEG KOUTOAES TOV TEPAUATOV
KOPEGUOV OEV GULUTITTOLV YPOVIKO HE TIG KOUTOAEG TPOPAeyng tov KmdOwa. H
dwpopomoinon ovt) omodidetor KAt KOPLO AOYO0 GTO YPOVIKO SLAGTNUO OV
ypewdletal T0 YukTIKO HEGO va €16€A0eL 610 KOovaAl dokiudv petd v Evapén
Kataypoeng tov mpaypotikod mepdupatog (Hapdaypagog §6.6.3), ypovikd didotnuo
mov dgv AapPavetar v’ oYy Katd v Tpocsopoiwon. Avti N kabvotépnon 16660V
TOV YUKTIKOU OQEILETOL KLPIG GTNG UEYOANG YOPNTIKOTNTOS KAT® KEPAAN Tov @YK
KaODG Kot OTIg apykésg cLVONKeES TOv TEWPAUATOG (VYNAY — YapUnAn Tapoyr nalog
yuktikoV). H kdto kepair tov OYK &iye Kataokevaotel oG KEQAAN TANUUVPIGHLOD
KOTA TO TEPAPATO ETAVOYVENG €K TOV Gve. Qo6TdGO, 01 HEYAAES OIUGTAGELS TNG TTOV
e&ummpetohoay o TAPOUTAVE® TEWPAUATO, OTOTEAOVV YPOVIKO EUTOOI0 GTO TEPALOTOL
EMOVAYLENG €K TOV KATO KoODS Yo vo EEKIVAGEL O TANUUVPIGUOS TOV TUNHOTOS
dokiuayv, mpémer va mponynbel n mANpwon ¢ Kt KePoAng. Avtibeta, 1

npocopoinon g emavayvéng oto RELAPS5/MOD3.3 Eekivael dueoa pe v Evapén
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EKTEAEOTC TOV TTPOYPAULATOS. QOTOGO, E TNV EIGUYMYT HOG KAPTOUS GKOVOUAIGLOV
(kapta 500 otoV TAPOVTH KMOKA), O KMOOKAG TOPEYEL TN SVVATOTNTO EVOOUATOONG
TOV YPOVOL KABLGTEPNONG E AMOTEAEGLO VO TOPATNPEITOL LEYOADTEPT) GUYKAIO TV

V0 Ypovika eEaPTOUEVOV KAUTLADVY (Zynua 6-11).

28051213.14

* Predicted rewetting history of TC10
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yua 6-11 IMepopatikn kot TpoPArendpevn Beprokpaciokn wotopio Tov
Beppootoryeiov TC10 pe ™ gpron Kaptag okovdaAcpo (teipapa No 28051213)

H ypovikn kaBvotépnon dev elvar 1d1a yio K6Oe meipapo ko eEaptdton amd dSUPopPES
apywéc ovvinkeg Omwg sivon kKo M moapoyr palog tov yuktikov. H emioyn g
BEATIOTNC XPOVIKNG KOBLGTEPTONG TPOKVTTEL PE TNV gAayloTomoinon Tov RMS tov
TPOPAETOUEVOL GO TOV TEPAUATIKOD YPOVOL ETAVAYLENG, COLPOVO LE TNV ETOUEVT

oyéon:

_\/_ z 6'3

Oocov agopd 1o meipoapo 28051213.14 mov amekoviletarl ota Zynuota 6-7 ko 6-11,
TopaTNPEiTIL TOG HETE TNV €l0ay®YN 8.6 S XPOVIKNG LOTEPNONG GTNV KAPTA E1GOJ0V,

1N GLYKAMON TOV VO BEPLOKPACIOK®V KAUTVAMVY givol epgavag kaivtepn. H RMS
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(Root-Mean-Square) tun tov ypoévev TG TPOCOUOIMONG Y®PIC TNV Eloaymyn
xpoVIKNG Kabvotépnong vroroyiotnke ion pe 30.01 evod pe v elcaymyn yPOVIKNG
votépnong pewwdnke oto 14.80.

[Topdro mov M Sapopd HeTaED TEWPOUOTIKAG Kot TPOPAETOUEVNG TIUNG 0modideTan
0TO GUCTNUO COANVOCE®MV €16000V KOl OTNV mopoyn HALaS TOL WUKTIKOV, 1
EKTIUNOTM NG ¥POVIKNG VOTEPNONG eSO TNG TWNG RMS elvar aveEdptntn amd avtég
TIC TOPAUETPOVG, TOPEYOVTOS IO O YEVIKN TPOCEYYIoT GTOV VTOAOYIGUO TNG

YPOVIKNG LOTEPNOTG KAOE LOVOOLKOD TEIPAUATOC.
6712 anj V1 As z11t28 [ rRmMmtufmyg Aoy RAQHuCC2ZUSY

[Na v agokdynon mg dvvatdmrag TPOPAEYNS TOL KMOWKO TPOCGIOPIGTNKE 1M
OTOKAIOT] TNG TEWPAUATIKE UETPACIUNG OO TNV TPOPAETOUEV A0 TOV KMOKO
Oepurokpaciog emavayvéne. Ot petpnoelg g omdkiong g Oepuoxpaciog dev
TpaypoatoromOnkay HOvVo Yo TIC TPOGOUOIDGELS e TNV ¥PNoT TV BEPULOPLCIKOV
WTNTOV T0L 051010V TOL HOYVNGIOV OAAG KOl Yol TIG TPOGOUOIDGCELS LE O10EE1010
0V ovpaviov, yioo Adyovg cvyKpiong. To Zynua 6-13 amewkoviler v andkiion g
TEPOLOTIKA peTprioung Oepprokpaciog amd tnv TpoPAETOUEVN EVOVTL TNG ATOCTOCNG
amod TV €16000 TOV YULKTIKOV GTO KOVOAL SOKIUADV LETA TNV EI0AYOYN GTOV KMOKO
TOV 1010TNTOV 10V 0&ewiov Tov poyvnoiov eved 1o Zynuo 6-13 amewoviler v
OTOKALOT] VTN LE YPNON TOV WOTATOV TOV d10EEWI0L TOL oVPAVIoV, COLEMVA e TN

oyxéon:

6-4

[Mopatmpeitar 611 o1 TpoPAEwelg Tov KMo HeTd T XpNon TV wWiothtev tov Mgo
(ExMua 6-12), amokAivouy and Tig mpoypatikés o€ 10600to uetald 18% wat 34% yia
10 Oeppootoryeio mov PpiokeTon o Kovtd otny €i6odo Tov Yuktikov (TCL1) evd oe
LEYOADTEPO VYN T OTOKAICY] LEUDVETOL CNUOVTIKA. ZVYKEKPUYEVE, TO YOUNAOTEPOL
10600Td andkhong pe tipég and 0.3% €wg 4.5%, agopodv to Beppoctoryeio TCS
nov Ppioketon oe amoctoon 0.6604 m amd v gicodo. EmmAéov, n amdkAion mov
vroAoyiletoan oto Tpion MO amopokpvouévo Bepuoctotyeic amd TNV €16000 TOL
Kavoloy dokudv (TC5, TC4 ko TC3) dev vrepPaivel 1o £10%. O Béoeig tov

Bepurooctoryeinv ancucoviCoviatr oto Zynua 3-2.
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Avtiotoyec taEewg amokAioelg mopotnpodvVToOl KOl Yoo TG OepUOKPACIOKES
npoPréyelc pe ypnomn tov wottov tov U0, (Zyfuo 6-13). o mopddetypo, ot
npoPAréyelc Tov Kodka pe ypron UO,, anokAivouv amd Tig TPayHoTIKEG 68 TOCOGTO
17% won 35% vy to Beppootoryeio TCL11 evd T yoUNAOTEPA TOGOGTA ATOKAIONG LIE

Tipég and -0.81% £wg +3.31%, apopovv kar whdt To Beppoctoryeio TCS.
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yuoa 6-12 Andxkhon Beppokpaciog emavayvéng Evavtt amrdcToong amd Ty 16050
TOV KOVOALOD JOKIU®V pE ¥xpnon Tev Beppopuoikdv wothtov Mgo
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yua 6-13 Andxkhon Beppokpaciog emavayvéng Evavtt amdcTaong ard TNV 16000
TOV KOVOAL0D SOKIU®V pe ypron Tev Bepuoguoikev wottov U0,

Yvykpivovtag to mepapota 28051213.14, 07101413.14 kon 30101101.14 ta omoia
npaypatonomOnkav oTig id1eg cuvnkeg Toapoyng patog yoktikod, G=0.050 kg/s kot
apyng Bepuokpaciog toyopatog papoov Ty=550°C oAAd o€ SOEOPETIKES
ouvOnkeg Beppokpaciog 166d0v Tov Youktikod 100 °C, 75 °C kot 50 °C avtioctoya,
wapoatnpeital TopdHoo SIKOHHOVEN otV amdKAoT TV Beprokpaciodv enavayvéng,
ocOuevo pe to Xynpato 6-12 ko 6-13. Zvykekpuéva kol oto Tpice TEPALOTO
napatnpeitar 611 66O AMOUAKPLVOUAGTE OO TNV €I0000 TOV KOVOALOD SOKULMV
HEIOVETOL KO 1 OmOKAIoN NG TpoPAemdpevng omd T peTpoduevn Oeppokpacio
emavayvéng péxpt v omdotaon 0.6604 m Smov oyxedov undeviletor evd o1
ouvéyeln avédvetal kot mdAl. Ocov agopd T mpocopolwoelg pe MgO, ot
peyoAvTEpPES amokAicels, g taEemsg tov 26.8%, mapatnpovvior o610 mEipopa
30101101.14 (Babpog veoyvéng yoktikod pécov 50 °C) evd ot pikpotepeg (8.1%)
oto meipapa 28051213.14 (yoktikd péco oe xkopecspd). IMa tig mpocopoldoelg pe
UO,, ot amoxAicelg yio to meipapa 30101101.14 givon g taEemc Tov 36% evd Yo 1o
neipapo 28051213.14 eivor ioec pe 22%. Oio 1o mapomdve odnyodv GTo
CLUTEPAC O VITOPENG LING OVTIGTOLYIOG TNG KOVOTNTOS TPOPAEYNS TOL KMOKA TNG
Oepuoxpaciog emavayovéng pe m Beppokpocio 16030V ToL YVKTIKOD pHEGOoV. O AdYOg

™G adLVOIOG TPOGEYYIoNG TOV KMOOIKO TOV TPAYUATIKOV (QOIVOUEVOV  TTOV
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AopBavouy ydpa KAT® omd GLVONKEG EIGPONG LIOYLKTOV VEPOL Y10 TV EMOVAYVEN
pag vrepBeppavieicag papfoov pmopet vo amodobel otV OVETAPKELD TOV EYYEVAOV
povtélov petapopac Beppotntag film boiling, 6mwc éxer Mo mpoavaeepbei. IMa
napaderypa, oty gpyacio Tov Choi et al [123] éywe npoomdbela Pertioong avtdv
TOV HOVTEA®V VTTOAOYIGHOV UE OMOTEAECHO VO TapatnpnOel onuavtikn peioon g
OepUoKpACIOKNG OMOKAIONG OTIG MIKPOTEPEG OMOGTACEIS Omd TNV €000 TOL
Yuktikoy (peimon émg kot 5% oe amootdcelg omd 2.4 €mg 3.2 m). Qotdéco M
amokion avénnke émog ko 5% o€ amootdoelg peyalvtepeg tov 3.2 M. Avtod
OTOOEIKVVEL OTL 1] GLGYETION NG BEPUOKPACIOKNG OTOKAIONG LE TNV OTOGTUCT OO
Vv €l6000 TOV YULKTIKOU OQeileTonl oTa. HOVTEAD HETOPOPAS Beppotnrog omd
papdo oto YyukTikod. I'a avtdv Tov AdY0, o1 vedtepeg a&lohoyNoelg Kot S1opHdoelg Tov
KOOWKO Pe TN xpNon o eEEAMYUEVOV DTOAOYICTIK®OV GUVOPTNGE®Y, OMOGKOTOVY GTN

LEl®OT QVTOV TOV AmTOKMGE®V HETAED TEPALOTIKNG KOl VITOAOYIGTIKNG LETPNOTC.

Emmiéov tov mpoavapepBéviwv, Oev mopatnpeitor  EUOOVAG GLOYETION TOV
VIOAOIMOV aPYIKOV cLVONKdV Tov Tepdpatog (apyikn Beppokpacio pafdoov kot
wopoyn HAlag WLKTIKOV) HE TN SoKOHOvVeN TV omokAicemv 1ng Oeppokpaciog
EMOVAYVENG HE TETOO TPOTO MOTE vo. umopovv va eEayBovv kamowa agldhoya

cuumePAcULATA.

Téhog, o Ilivaxag 6-4 moapovoidler ™ péon teTpoyovikny oamodkAion RMS g
TPoPAETOUEVIC amd TOV KMOWO Oeppokpaciog amd TNV TEWPAUOTIKY, T OToin

vroAoyiletot amd v aKdAovdr oyéon:

v— 3 6-5
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[Tivakag 6-4 Méon tetpaymviky amOKAoN TG TPOPAETOUEVNG OO TNV TEIPOLOTIKY
Oepurokpacio emavayvéng yio kdbe meipopa

A .
PHIES RMS % RMS %
ovvOnKeg ) )
, , (nexpion | (ne xpion
A/A Heipapa TEPANATOG
WTNTOV | 1W610TNTOV
(G (kals) T,
MgO) uo,)
(°C) Tw (°C))
1 |14051030.14 | 0.025/100/550 18.78 17.83
2 |28051213.14 | 0.050/100/550 8.07 10.45
3 |07101413.14 | 0.050/75/550 16.64 22.16
4 |30101101.14 | 0.050/50/550 26.78 31.09

Tao mopamdve amoTeAEGUATO EPYOVTIOL GE CULPOVIO LLE TIG TOPATNPNOELS TOV EYIVOV
Kot ard tovg Choi ko No [123, 125] katd v a&loddynon tov RELAP5/MOD3.3 pe
v tpocopoinon 8 mepapdtov FLECHT — SEASET o¢ anootdoeig and 0.6 m puéypt
1.0 m amd v €icodo Tov YukTiKov. [To cuyKekpEVa, 0L EPELVNTEG TOPATHPNCAV
ott M amoékAion g Oegpuoxpaciog emavayving petald mpoPAemOuevng Ko
TEPALATIKNG TING Kupaiveton petadd -10% kot +10% Yo omootdoels peyaAdTepes
tov 0.6 M amd Vv €l6000 TOL PELGTOV GTO KAVAAL OOKIUAV eved M Ty RMS
vtoloyiotnke ion pe 48.3. Qotdéco, dev umopel vo  yivel oOykpon TOV
OTOTEAECUATOV Y10, LIKPOTEPEG N LEYOADTEPEG OMTOGTAGELS OWTOV TOV €VPOVS KOOMG

dgV LILAPYOVV SNUOGLELUEVO ATOTEAECLLALTOL.

Téhog, and tov Ilivaxa 6-4 mapomnpeitor TOG evd ol TWES TOV OEPLOPLGIKDOV
WTTOV TOV 000 VAK®V pmopobv vo Bewpnbovv idieg, mapodia avtd, Otav yivetan
LOVTEAOTOINGT TOV POIVOUEVOV ETOVOYVENG GE GLVONKEG LN KOPEGUEVOL VYPOD, Ot
dpopd otV KavoTNTO TPOPAEYNG TOV KMOOKA ivon gpgavie. Osmpeital yproipo
07O HEALOV Vo TpaypatomomOet pa mo evosheyng LEAETN NG emidpacmg Tov Paduov
VIOYLENG KOOGS Kol TV HOVTEA®V HETAPOPAS OepploTnTog TTOL YPNoHomolel o
Kddwag RELAPS/MOD3.3 6cov agopd tov kabe punyaviopod eravayvéng (Dispersed
Flow Film Boiling, Inverted Annular Film Boiling).
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7. XYMIIEPAXMATA - IPOTAXEIX

YKkomog ¢ mapovoog AA MTov M HEAET] TOV QOWVOUEVOV ETOVOWYLENG HLOG
vrepBepuovicicag pafoov KAT® omd OTUOCEUIPIKN TIECN GE OAPOPEC OPYIKES
ovvOnkeg Oepuoxpacioc kot mwopoyns Malag yuktikov pe mAnuuvpiopd. o my
OAOKANP®OON TNG oLYKEVIpOONKaV T dedopéva amd mepimov 1083 mepdpota
EMOVAYLENG pe TANUUVPIGHOS, Ta ontoia ekteléotnkay 610 ®YK tov EIIT. Ta teAikd
ovumepdopato eENydnoov péoa amd OMTIKEG TAPOUTNPNOES OAAL Ko UETE omd

TOL0TIKN KOl TOGOTIKY OTATIOTIKN enegepyacia.

ATO 1O TEWPOUOTIKE amoTEAEGHOTO TTopotnpnOnKe OTL M TaOLTNTA EMAVAYLENG
av&averor pe v avénon tov Pabrod vwoYvENg Kot TV avEnot g mapoyng nalog
TOV YUKTIKOD €VO HEWOVETOL pe TNV ovénom g Oepuoxpaciog emedvelag g
papoov. Ot TapaTNPOVUEVES TAGELS Y10, TNV TAXVTNTA EMAVAYVENS GLUEMVOVY ETIONG
pe to mepopatikd amoteAéopata g oebvoig Piproypariog. Enpoavtikd eivar vo
avaeepBel TG AOY® NG KATAGKELNG NG EYKATAGTACNG, N Ole&aywyn TEPOUATOV GE
TECELG UEYOADTEPES TNG ATHOCOOIPIKNG NTOv omayopevtiky. H ewcaywyn xor m
ATOY@YN OTHOV 0Td TOLE NO1 VIAPYOVTEG KAAGOVG COANVAGEWDY OV NTOV EMITPENTN
YU TEWPAUOTO ETOVAYLENG HE TANUULPIOUO LE OMOTEAEGUO. TOV TEPLOPICUO
deEaymyng mepapdtov vrd  atHocEAPIKY] Tieon. A@od mpaypoatomombel m
amopoitntn tpomomoinon ™G OepuobopavAikig eykatdotaonsg, TPOTEiveTOl M
Sle&oymyn TEWPOUATOV ETOVAYVENG €K TOV KAT® O TECELS UEYOAVTEPEG TNG
OTUOCQOIPIKNG DOOTE Vo givor dvvatn kol 1 HEAETN TG emidpacng G mieong o€

GLVOLOGUO [LE TNV EMOPACT TOV VTOAOITOV TEPAUATIKOV GLUVONKOV.

‘Eval axoun onuoavtikd KoppHdTt g epyaciog Ntav n depebvnon g enidpaong g
yempeTpiag Tov kavailov tov TuUaTog AOKIUGV GTOVS UNYOVIGLOVS ETOVAWYVLENG M
omoia mpaypatoromOnKe pEow g GVYKPIoNG AOIICTATOV TEPAUATIKOV dEGOUEVOV
HE TO 0OA0TOTO TEPOUOTIKA OEd0UEVA GAADV peAeTNTAOV. QG ad140TOTEG TIUEG
ypnowonomdnke o apBuog Peclet kabhg xor évog tpomomomuévog apfuog Biot
Aoppdvovtag vroéyw 1000 TIG Oepuikég 1010TMTEG OGO KOL TOL  YEOUETPIKA
yopaxktnpotikd g vrepbeppavieicag papoov. Ta amoteléopoata OA®V TOV
EPYOCSLOV NTAV CLYKPIGIHA. AVTO 00MYNGE GTO GLUTEPUGUO OTL 1) YEMUETPIOL TOL
KOVOALOD Tov Teptéyel T Oeppovopevn pdfdo dev emnpedlel Tovg pNYOVIGHOVS

emovayvéng mov Aapupdvovv ydpo oe po vrepOepuavieica empdvelon aAdd avtol
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emnpedlovTol amd To YEMUETPIKA YOPAKTNPIOTIKA TNG péfoov kabmg Kal T1g 1010TNTEG

™G vrepBeppavieicag EMPAVELNS TNG.

ATO TG TEWPOUOTIKEG TOPATNPNOELS TNG EPYNCING TPOTAONKE ML EUTEIPIKN
oLoyETIoN TG BeproKkpaciog ETaVAYLENG GE GUVAPTNGOTN LE TIG OPYLIKES TEIPOUUTIKEG
OLVONKEG TOV TEPAUATOV TANUUVPIGHOD. Q6TOG0, 1| GLGYETION O HeAeTHONKE Kot
o€ OAAEG TEWPOUOTIKEG €PYOieg emavayving ek Tov KAt®, KaOdg dev vanpyov
Sbéoipa emapk TEWPAUATIKO OedoUEVAL. MEALOVTIKA, TPOTEIVETOL 1| EMEKTOCT TNG
OLGYETIONG KOl G€ TTEPANATA EMAVAYVENS EK TOV VO TPOKELLEVOL VoL oKt Ol o

MO EUTEPICTATOUEVT] EIKOVO, TOV peTaPAnTdV mov emnpedlovv ) Oeppoxpacio

EMOVAYVENC.

Emmpdobeta, cuvtdydnioy yio mpdtn @opd ot KApTeg 16050V Tov Kmdka RELAPS
pe okomd tnv mpocopoiwon tov kovoiol dokiudv tov @YK tov EIT katd
dwdkacio emavayvuing pe TAnppvpiopd. And T cLYKPIcelS HeTa&d TpoPAendOUEVOV
KO TEWPAUATIKOV TILOV Topatnpnonke Ot yuo to melpdpato mov Exovv deEaybel pe
Oeppokpacio 16000V YUKTIKOD KOVTO GTOV KOPEGHO, Ol EMPAVEINKES Oeprokpacieg
Exouv KavomomTikd TpoPrepbel and Tov kddka 1060 G€ YOUNAN OGO Kol GE VYNAN
napoyn. Qot10c0, mopatnpNONKay oNUAVTIKEG OPopEG UETAE) TEPAUOTIKOV Kot
TPOPAETOUEVOV ETPOVEINK®OV OEPUOKPACIOV Yl TO TEWPAUATO TOL deénydnoav oe
25°C ko 50°C vmoéyvén. H perétn g OBeppokpaociog emavayvéng odiynoe oe
TOPOUOLD. GUUTEPAGUOTA HE TIG UEYOAVTEPES OMOKAICELS VO TOPOATNPOLVTAL GTO

TEPALOTA TTOV YPTGLOTOLOVY VTOYVKTO VEPO.

Yto mAaicla g mapovong AA depevviOnKav EKTEVAS TOL QOVOUEVO ETOVAWYLENG
vrepBepuavicicag papoov pe mAnpuvpiopd. QotdCO, Yoo Pl TO OAOKANPOUEVN
EIKOVOL TOV UNYOVIGHOD ETOVAYVENG, N €pyacio Bo Hmopovse Vo EUTAOVTICTEL LIE TO
TEWPAUATIKE  OMOTEAECUATO. KOl TIS TOPATNPNOES £EMELTO. Omd TN Olevépyela
TEWPAPATOV KATO omd SAPOpES MECELS UEYUAVTEPES TNG OTHOCOUIPIKNG. AKoun,
onuovtiky mpoobnkn Bo NTav kot M peAétn ¢ emidpacmng  SpdpmV
YOPOKTNPIOTIKOV TNG pafoov Ommg eivarl yia moapdoetypa o Pabuog o&eidmong Tov
vAMkoy g Télog, moAy peydAo evolapépov Ba mapovciole 1 eKTEVESTEPM
a&loroynon tov kd@dwka RELAP5/MOD3.3 kot kupiog 610 TEPAUATE TOV QLPOPOVV

VEoYLVKTO VYPO. Tlpoteivetal N peAétn TV LOVIEA®V EnavAayLENG TOV XPNGILOTTOLEL O
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KOOKOG KOl 1 OVIWINCTOAN TOLG HE HOVIEAN EMOVAYVLENG NG  CGUYXPOVNG

BipAtoypaopiog.

7.1 Inuela Tp®TOTUTLAG TG AlxTppi)g

Xy Topdypapo avti cuvoyiloviol ta onpeia TpwtoTLTTiog TN TAPOoVoNS AA:

o  AeEayoyn mepapdtov emavayvéng ot 0eppoiIpALAIKY] EYKATACTOCT TOV

EIIT pe ™ péBodo tov TANUUUPIGHOD GE OIPOPES OapPYIKEG GUVONKEC:

OTHOGPOIPIKT TTieon, mapoyn palag wuktikod péoov 0.008 kg's™ — 0.050

kg-s‘l, Bepurokpoacio yoktukod pécsov 50°C — 100°C, apyikn Oeppoxpacio

oy mpatog pafoov 300°C — 550°C.

e Tpomomoinon tov mpoypdupoatos RIG, yioccag FORTRAN, ywo v

KATOypoQ TOV TEPOUATIKOV O£d0UEVOV KOl TNV EUEAVICT TOVL HUIKOV

dwypappotoc tov OYK katd ) dadikacio emavayvéng pe TANUULPIGUO.

Anovpyia batch apyeiov mov divel t duvatdmTa GTOV YPNOTH VO EMAEEEL

mAnktporoydvtag pio eviodn, 1o mpoypoppo RIG  mov  Béler

EVEPYOTOMGEL KO AVTIGTOLYEL GTOV TPOTO EMAVAWYVENS TOV HEAETAL.

va

e XVvtaln kddwa yAdococ R, yw v otototikny emeepyacio TV

TEPOUATOV  eTavAYLing Kabdg Kol Yo TN YpOEIKY OTEKOVION TOV

ATOTEAEGUATOV.

o AEE00IKY] HEAETN TOV UNYXOVIOCUOV ETOVAYLENG UE TANUULPIGUO TOGO GE

VYNAEG 660 Kot 6€ YOUNAES TOPOYEG WUKTIKOV HEGOV. AOY® TOV TOAD KaAOD

GLOGTNUATOG GLAAOYNG Kot emeepyaciog dedopuévav, emetedydn N axpiprg

Oy POULUOTIKY oelkOvion TG Oepprokpactokng wotopiag g pafoov kabmg

KOUL 1] 0TOTOTMGT TOVL VYPOL HETOTOV (Zynua 7-1).
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Zymua 7-1 Aoy pop Lotk amoTOTOoT TOV UNXAVIGLOV ETOVOYLENG KaBmG Kot
KOTOYPOPN TOL VYPOL LETMTOL Katd TN d1dpkela exavayvéng (teipapo No

13101105.14)

[Ipétaon nuepnepkng e€icwong TpoPreyng g TaydTNTOS EXAVAYVENG GE
GLVAPTNON LE TIG APYIKES TEPAUATIKEG GLVONKES. AKOUT, TpayLOTOTOWONKE
CUYKPITIKN] HEAETN NG TOYOTNTOGC EMOVAYVLENS, OM®G KATOYPAPNKE oTO
mePARaTe Tov dtevepyndnkav kotd tn Odpkela ¢ mapovoag AA, pe v
TayOTNTO EMAVAYLENS OTTOC Kataypdonke and To mEPAUATO TV Saxena et
al. xou Duffey — Porthouse [38, 39]. ITpotdOnkav MEUTEPIKES GLOYETIGELG
™ adwdotatng toydtrag Peclet kot piog tpomomomuévng HopeNG Tov
adidotatov apBpod Biot, ot onoieg cvoyetilovy 1KAVOTOINTIKA TO GVVOAO
TOV TEPULOTIKOV OEG0UEVOV KOl TOV TPLOV EPYACLOV TOL LEAETNONKAV.
Exteviig perémm g eEdptmong ¢ OBepuoxpaciog emovayvéng omd Tig
apYIKES GLVONKES TOV TEPANOTOS EMOVAYLENG Kot amd TIG BEPLOPLOIKES
wwmteg g  vrepbepuavieioag papoov. Emiong, mpaypotomombnke
Ol0OTATIKY] OVAALGT Kol TPOTAONKE NUUEUTEPIKT] GLGYETION LE GLVIEAEOTN
YPOLULUKNG TPpocapuoyns ico e 0.9304.

YOvtoén Tov Kaptdv €16000v Tov kddika RELAP5/MOD3.3 pe okomd v
npocopoimon g OBepuovopovikng eykatdotacng tov EIIT kot tov

TEPOUATOV ETAVAYLENG €K TOV KAT.
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A&oAdynon g wavotrag pofreyng tov kadika RELAPS5/MOD3.3 péoa
amd TNV OVYKPION TOV EKTIUNCEDV TOV HE TO TEPUUUTIKE OedOUEVAL.
Almotdinke TOAD KOAN TOOTIKN TPOPAEYN TOV UNYOVICU®V ETAVAYLENG
TOV TEPAUATOV TOV dlevepynOnkay K4t ard cuvonkeg kopespov. [a v
KOADTEPT YPOVIKT] GUYKALON TOV TEPOUATIKOV UE TOV TPOPAETOUEVOV TILDOV
emavVayYvéne, mpotddnke mn ewcaywyn ypdvov Kabvotépnong o omoiog
avTIoTOlKElL 0TO YPOHVO TANPMONG TNG KAT® KEQOANG TOV TUNHOTOS SOKIUMV

TP TV Evapén ToL TANUULPICUOD TOV.
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1 ONOMATOAOTITA

Aotwvikoi yopokTnpeg

Bi: adidotartog apduoc Biot, —

c: €101km Oeppotnra Tov mepAnuatoc (J/kg-K)

f: OLVTEAEGTNG TPIPNG

G: pon| patog Tov yoktikov (kg/s)

Gp:  pon pélog Tov yoktikod avé povada tepyétpov, (kg/m-s)

Ga:  pon palog ToV YUKTIKOO 0vA LOVASN ETLPOVEING, (kg/mz-s)

h: oLVTEAEGTNG LETAdOOTG BepoTNTOS 0 TO TEPIPANLA GTO PELGTO (W/mZ'K)
k: oLVTEAEGTNG Bep kNG ay@yoTToS Tov TEpPAnpatoc (W/m-K)
P: nieon (bar)

Pe: ad14oTOTN TAYVTNTA ETAVAYLENG, PO

Pw:  Bpexduevn mepipetpog (M)

q’": o pvBudg Tapaymyng Bepuotntog avd povada emeaveiog (W/ mz)
q7: o pubudc mapaywyng Oeppdtnrag ovd povado dykov (W/m?)

r: 1N OKTWVIKT] GUVTIETAYREVN TNG PEfoov

R: axtiva TG papoov (m)

Ren: €0mtEpIKn akTiva TOL KAVAALOD SOKIUMV (M)

t: N petaPAnty tov xpdvov (S)

T: a0106TaTO BEPLOKPACLOKO GUVOAO,
Te: Bepurokpacio 16000V Tov YukTikoL (K)
T tomikn Beppokpacio yoktikov (K)

Tq: Bepuoxpacio emavayving (K)

Ts: Bepuoxpacio kopespov Tov Yyouktikov (K)

Tsout:  Oeppoxpacio sputtering (K)

Tw:  apywn Beppokpacio vrépBepunc empdverog (K)
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Tcur:  Bepuoxpooio kpiowung Oepuikng pong (Critical Heat Flux)(K)

Tmes: Bepuokpoaoio onueiov Enpavoswe (Minimum Film Boiling)(K)

ATy Babpodc vmoyvéng oto vypd pétmmo, (K)
ATgup: Bobuog voyvéng, (K)

u: TOYOTNTO ETOVAYLENG (M/S)

Upn:  taydTnTo €16000V TOL YukTikoy (M/S)

X: N aEOVIKY GuvTETAYUEVT TNG PAPOOV

EAMnvicot yopaxtipeg

o KAGopa kevoo (void fraction)

B: vV —

v: GULVTEAEGTNG GLVONK®OV ETPAVELOG

€: ndyoc meptPApaTog (m)

0: adidotatn Oeppokpacio Leidenfrost,
01 adtaotato Heprokpaciakd GuVoAo,
p: TUKVOTNTO PELGTOV (kg/m3)
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2 [IIPOAIEPTAXIEX

2.1 Ala6TOAKOG 6VUVEEGHOG

Y1ig 20/1/2012 éywe n eykatdotacn evO¢ S106TOMKOD cLVIEGHOL (eXpansion joint)
0TOV KAGOO TPOoPodoGiag YukTikoy Tov Tunuotog Aokiumv and 1o Aoyeio Bpacpov.
H obvdeon £ywve 610 KoTaKOPLPO HEPOG TOV KAGSOV ££0d0V ToL Aoyeiov Bpaopov pe
TOVTOYPOVY €YKATAGTOON Kolvovplag coinveoons (Zynua I12). O Adyog mov pog
00NYNOE OTNV EYKATACTACT] TOL OlOCTOMKOD GULVOEGHOVL NTOV 1 TOPOUTHPNON
SpPOoNG ATHoL amd ToV €V AOY® KAAOOVL, KOTA TN SLOPKELD TEPAUNTOS G Tieon 3
bar. H dappony opelhdtov Ge onf| UIKPOV Ol0GTAGEDV 1O10HTEPA SVGOLAKPLTN UE
youvé patt. H actoyio avt Bewpnnke 6TL TV omoTtéAeso apevog Tng dtaPpmong
NG COAMVOS KO OPETEPOV TNG BEPLIKNG Kol UNYOVIKNG KOTWONS AOY® NG cLVEXOVG
OLGTOANG Kol OloToAng Mg  eoutiog TtV  vVYyniAov  Ogpuokpacidv  TOL
KUKAOQOPOUVTOG VEPOL KOTA TN OldpKEWL TG MOALETOVG AELTOVPYIOG TOL

BeproidpavAtkoh KUKAOUOTOC.

Agdopévov OTL 1 acToYio 6T COANV®OTN TopatnPNONKe 610 LECOV OWTNG, OTTOV M
UNYOVIKY Katamovnorn elvar evtovotepn Adym Péhovg kapyng, amo@acicOnke m
EYKOTAGTOON OlIGTOMKOD GUVOEGHOL HE OMMOTEPO CKOMO TNV OTOPPOPNCN TNG
OepuknG O100TOANG €161 MOTE Vo PNV TPOKAAEiTOl GTPEPAMON NG COANVOONC.
Inuavtikd otoyeio elvol TG TO KOUUATL TOV KAGOOL TOL OOTOYNCE Kol

eykataotadnke Bpiocketon petald 600 otabepmdv onuei®V TG £YKATAGTACTG.

Agrtovpyia

H «dpa Aettovpyioa €vOg SGTOAKOD GLVOEGHOL €lvar M amoppdenomn TV
HETOPOADY TOV UNKOVS TOV OBPOP®Y CLGTNUATOV COANVOGEMY, UNYUVNHLATOV Kot
GLGKELMV OV TPOKAAOVVTAL EITE OO SLAKVUAVGELS TG Beppokpaciog ite amd Kok

gvBuypappuon Katd T didpkela gykatdotaong 1 Kotaokevng [1] 10

O obOvdeopog Aettovpyet mAeokomikd. H kivinon tov coinvocemv Adyom Beppukng
dractoAng amoppopdrtal and to élacpa (bellow) (Zynua I13). To élacpa AOym ™G

0éonc tov emtpémel TV kivnon UOVO 10V EEMTEPIKOV TEPIPANLATOS TOV GVVOEGLOV

19O)ec oL BLBAOypadikéc avadopéc, avtiotoouv othv BLBAoypadia twv MNapapTtnpudtwy Kot Oxt
TOU KUPLWG KELPEVOU.
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pe t€tolo TPOTO WoTE va mapapével oteyovo H petakivnon avty mpaypoatomotleiton

YOPIg Kapio Katamdvnor ToL KIS0V COANVAOCEMV.

SV1 SFM
— Aoxeio —
| Bpaopol __|
1 L
Tecpuoamx:lu
i) —y
|
. Z1abeph |
ExJ () onueia
KAGSou | T
I mﬂ:_u:
|
§§ MFM1 Sv2 l ZUPTTUKVWTHAG
[ PR —
|
' X
I
I L
Sva |
|
| X MFM2 DK zoaipiki BaBida
| DX PuBpioTKf BaABiBa
] §4 ZwAnvoeidrig BaABIda
Sv3
SV: ZwAnvoeidrig BaABida
MFM: MayvnTik6 po6perpo
SFM: Pobperpo arpold
ExJ: ZUvSeopog SIaoToArg

Q_ Aoxeio
Zuykévipwong

Zynua T12 Zynuotikr avarapdotacn 0eppoiidpavilkod KUKAGUATOSC TOV epyactnpiov. Mg
UTAE EYEL YPOUOTIOTEL O O1UOTOMKOG GUVOEGLOGC
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XopaKTNPoTIKA GLVOEGLLOV

Yotepa amd KatAAANAN €pevva  ayopds €ywve mapayyedo amd v etoupio
METAAAOBIOTEXNIKH A.B.E.E. tov dtootolikod cvvééopov «small expansion
joint Type Ga» g etoupiog BOA AG (Zymua I13).

DN: 3/4".

Ilicon: PN 16.

Avroyn: 5000 mAnpelc kOKAOL PopTiov.
Ocpuoxpaaioxn aveoyn: Eoc 450 °C.
Mpuxog ooumicong: 25 mm

‘Eheyyog

Iicong

Metd TV £yKaTAoTOOT TOV JOGTOMKOD GLUVOECUOV £yve EAeyyog mieonc ota 41 psi

= 2.83 bar yw toyov dappoés. O €leyyog kpidnke emtoyng.
Ocpuoxpoaoiog

Koatd ™ o1dpkela TV €pyactnplok®y aoKNGEOV TOL akoAovONGaVY, TapatnpnOnke
petaxivnon tov cvvdéopov Ady® avénong Beppoxpaciog amd vV KukAogopio
Oeppov vepod ( 90 °C) yopic wotdéco vo otpefrmbel M va katamovnOel m

COANVOOT).
Movwtikng ocoumepipopds

Mo va eléyEovpe TN HOVEOTIKY) GUUTEPLPOPE TOL GUVOEGLOVL £YVE WPETPNON TNG
Oepuokpaciog tov TEPPANUATOS TOL KOTA TN OlpKeED KLKAOQOpPiag vePOD
Oeppokpaciag 50 °C oto sowtepikd tov cuvvdéspov. H Oepupokpacio m omoia
petpnnke nrav 25 °C omotéhecpo mov emPefaivce TNV KOA  HOVOTIKN

CLUTTEPLPOPE TOV.
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Symua I3 dotoypapia (mdvo), dyelg (KAT®) Tov S100TOAKOD GUVIEGLOL TOV
yxpnowonomonke [1]

2.2 KaBaplopdc avtiotacswyv Kat Aoyeiov Bpaopov

H 516Bpwon ko n emkddion ohdtov move ce PeTAAMKO eEoTAoUO Plopnyavik®v
gykataotdoewv gival éva moAD cuyvé mpoPAnua to omoio ypiler aAVIYETOMIONC.
Qo1660, 1 AVTILETOMICT TOV JPEPEL OVAAOYO LE TN XPNOT Kot TN Agrtovpyio TOL
eEomhopov. Ta mapddetypa, o PeETOAAMKOG €EOTAICUOG OTOL YPNCULOTOIEITOL Yo
TOPOCKELT] Kot GUAEN Tpodinmv Tpémel vo kabapiletor kabnuepvd. Amd v GAAn,
0 €COMMGUOG EYKOTACTAGE®Y UETOAAOLPYIOG OV KO TTPEMEL VO EAEYYETOL Y10 TUYXOV

dwPpmoels kot aotoyies, dev eivarl amapaitnTog o cuveNg Kabopiordc Tov.

Ocov apopd 1t OeppoidpavAky €yKATACTOCT TOL €PYyacTnpiov Kot AdY® TNg
TOAVETOVG Agttovpylag NG, &mpeme va yivel €Aeyxog OAMV TOL UNYOVOAOYIKOD
e€omMopol KabMG Kol TMV GUOTNUATOV HETPNOTG KoL EAEYYOL TPV TNV EvapEN TOV
nepopdtov g AA. Katd tov éheyyo dwmotwbnke mmg ta Oeppoctoryeion Tov
Aoyeiov Bpaopot dev giyav tov idto ypdvo amdkpiong kabmg 1o éva moapovciole
dpeco omoladnmote oAlayr NG Oeppokpaciag evd TO OVTEPO E€iye OMUAVTIKN
kaBvotépnon anodkpions. 'Etol anopaciomke To dvotypa tov Aoyeiov Bpacpov wote
va yivel emBedpnorn tov ecwteptkod tov (EyMua I14). Koatd v embedpnon
napatnpiOnke oG TOG0 o1 avTloTdoelg 060 kot To Aoyeio and 10 eminedo TV

OVTIOCTACE®V KOl KOT® NMTOV EMKOAVUUEVO HE €va ToyD OTPMOUN CAATOV Kot
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mpoioviov  ofeldmong.  Amopoaciotnke Aowmdév o Guecog  kaBaplopog g

EYKATAGTOONG.

Metd ond extevn BAlOYpa@ikn £€peuva. amopacioTnKe YNUIKOS Kot Ol UNYaviKOg
KaBapIopog TG eykataotaons. To kupldtepa TAEOVEKTLLOTA TOV YNUIKOD EVOVTL TOV
pnyovikov  kobapiopod  etvor 0Tt dgv  omouteitol  AmOGULVOPUOADYNOT KOl
EMOVOGVVOPUOAOYNCT] TNG UNYXOVIKNG €YKOTAOTAONG Kol av o KoBapiopdg yivel
oWOTA, TO0 UETOAAO OEV KOTAOTPEPETAL KO EIVOL AYOTEPO EVAAMTO GE PEALOVTIKN

daPpwon [2].

Yyua T4 Avtictdostg Kot ec0tepikd doyeiov Bpacuov mpty tov kabapiopo

Xnukoc kabapropnoc

[Noa v amopdkpovvon avopyavev ovoudv (dAato, okovpld) omd UETOAAIKES
EMPAVELEG KVPLOL TAKTIKT ATOTEAEL 1] YpN O™ EVOG KATAANAOV 0EEMC. AVGTLYDC OUMG

dev etvar O o 0 KATAAMNA Y100 OAEG TIG HETAAMKES ETIPAVELEG Y10 TO AOYO OTL
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umopel va avtidpdoovy Kot va Tig dtpdcovv o€ t€toto Pabud mov vo mpénel va

OTOLLOKPLVOOVV Kot VoL ovVTIKOTOGTOO0VV LE KOVOUPILES.

IMa mapdderypa, n Ayotepo ypovoPdpa Kot otkovopukn Avon kabopiopot tov yaivpa
amotedel n xpnon tov vopoyAwpikov o&fwg (HCI). Qotdco, 10 vépoyrlmpikd o0&y
etvat apkeTd embeTiKd e PETOAAN OTTMG 0 avoEEIdmTOC YaAvPag emeldn To ahoyovidlo
TOV 0EEMC OVTOPA e TNV avOoEEIdMTN TPOOTUTELTIKN OTOPAd0 YPOUIOL UE
amoTéAeco Vo T SPpdvel e ToAD ypryopo pubud. Amd v GAAN, TO VITPIKO 0EL
(HNO3) eivar 10 kotdAAnAo o&d yio tov kobapiopd avoleidwtov yoAvfo wotd60
dwPpovel pétaAlo 0TS 0 amhdg YdAvPog Kot 1 ¥prion Tov amattel peydAn Tpocoyn

[2].

Kdamoeg Mydtepo embetikég Ko Nrieg AVoELS KATAAANAES GYedOV Y10 KAOE HETOAAMKN
emeaveln, amotelovv 10 Kitpkd 0&L (CsHgO7), 10 covApapkd o0&y (H3NSO3) 1 éva
piypo ovtov tov 600 [3]. Ocov apopd OUmMG TN CLYKEKPWEVN TEPITTOON TOL
Aoyeiov Bpaopov tov OYK, n dadikacio mov amouteito yio tov mAnpn Kabapiopo
00 BewpnOnke moOAD ypovoPdpa kabmg OBa mepiehdupave Béppovon Kol cvveyn

AVaKLKAOQOPia LTOV TV 0EE®V KATL TO 0moio dev NTav emBuunTo.

H Aomn mov mpoxpiBnke Ntav n xpnon ewcseopikov o&Ewms (HaPO4). To pwcpopukcd
o&0 elvar évo mOAD onpavtikd Popnyovikd ynuiko. Eivar mo woyvpd amd ta
TEPLOGOTEPD, OpYOVIKA 0&E0. OAAG 7o Mmoo amd T0 VIpoyAwpikd o0&y [4].
Xpnowonotgiton mTOAD ocvyvd otov kaBoaplopd YoAOBIVEOV  COANVOCE®DV Kol
TPOTATOL ATtO TO VOPOYAMPIKS 0&D Yo Tov Kabapiopd empaveidv and avoleidmto
xéAvPo [5]. ‘Eva akopo TAovEKTIO TOV POSPOPIKoD 0&Emg givar 0Tt fonbdet otnv

n(xenru(onoincsn“ ™G EMPAveLNg oV gival Tpog Kabapiopo [3].

Qo61660, TPV TNV TEMKN ATOGAGCT] Yo TN ¥PNON TOV PMOGPOPIKOV 0EEWG EMpene Vo
perenBovv Kot to Tpoidvta avtidpacns Tov o&Emg pe To GAATO TOV GKANPOV VEPOD
Kol va olamotwlel av eivor aceaAng m piyn tovg oto mEPPAAAOV PEGH TOV
OTTOYETEVTIKOY GUOTNUATOG HETA TO TMEPOS TOL kabopicpov. Emedn ta dhota tov
vepoy gtvar katd kvplo AOyo dAato acPectiov kot poyvnciov, To TPOidvTa TNg

avtidpacng tovg pe 1o H3zPO, amoteloblv 10 Qwo@opikd dGAag acPectiov

' Me tov 0po TAONTIKOTOINGN €VVOOVUE TNV OTAOAEW TNG MAEKTPOYNUIKNAG OPOCTIKOTNTOS TOV
HetdAA @V pe anotédespa ) peioon tov pubpod dufpmong tov. Katd dilovg, mabntuconoinon eivon
1 Swdkacion KOBUPIGHOD HETOAAK®OV EMPAVEIDOV e 05D pe amoTtédesa TNV dtdAlvon Tov o&ediov
0V G131 pov [2].
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(Ca(H2P0O4),) ko 10 @wogopikd drag poyvnoiov (Mg(H2PO4)2) avtictorya. Oumg
OYEOOV OAOL TOL POCPOPIKAE AAOTO, CUUTEPIAAUPAVOUEVOV KOL TOV TPOUVAPEPHEVTMV,
etvar amdAvta ac@oAn Yo To TEPPAALOV 0oV amoTeLoHV KOPLO GLGTATIKO TOAAMV
TPOPIL®V (YOAOKTOKOUIKA, KPEAG, outnpd K.(.) Kot YPNOLULOTOo0VTOL TOAD GLYVA

oV Qapuakoflopnyavio ooy copTAnpouaTo dtatpoeng [6].

Amopaciotnke AOuoV 1 YPNOT TOV POCPOPIKOL 0EEWMS Y10 TOV KOOUPIGHO TOGO TMV
NAEKTPIK®OV avTIoTAcEDV TOV Aoyeiov (avoeidmTog yaivpac) 660 katl Tov Aoyeiov
Bpaopov (ydivpoag) otov mubuéva tov omoiov eivar oteyavopéva 6vo Beppoctoryeio

tomov K and avoleidmto yaivPa.

Kafapiopdc aviiotdosmv

[Ipwv tov xoBopiopd tev tecodpwv avtiotdoewv tov Aoyeiov Bpacuod &ywvav
JOKIHEG o MV KaBaPIoTIKOV TAVE G€ o ToAodTepn avtiotaon (avtiotaon
eréyyov) tov Aoyeiov Bpacpov 1 onoia actdynce 010 mapeABov Ady® GLGGMOPELGNG
aldtov (Zynua 1S aprotepd). Xkomdc Mtov vo SOKILAGTOOV YNUIKA KaBoploTiKd

gvpelog KMUOKOG TPOTOV 0lyOPUGTOVV BLOUTYOVIKE XMUKAL.

H mtpcdn doxun rav pe to kabapiotikd ardtov “First spray” g etoupiog NewLine.
Aénke n pia dxpn g avtiotaong eAEyyov péEca 6to VYPO Yo TEPITOL pia NMUEPQ
Kot oeoVy EemAvOnke ko TplpTnKe, mopoatnpnoape POVo HEPIKO KoBOPIGUO NG

avtioTaoNG 0 0moiog OPMS dev BewpnOnke amodektdg (Zynuoa I15 de&idr).

H devtepn dokn ftov pe 1o kobapiotikd addtov “Viakal” to omoio agod to
Bepudvape otovg 50 °C guPanticape otn cvvéyela v avtiotaon. H gyxatdotoon
kaBapiopod mov ypnowonomdnke eaivetoar otnv Zynuo I[16. Metd and 2 dpec oto
Swhvpo kol evolgpeco EEmhvpa pe debovo vepd kot Tplylo e ceovyydpt, To
VIOAEILHOTO TOV OAATOV NTOV akoOun ep@avi kot Bewpndnke mwg o embountdg
Babuodc agaipeong TtV OAATOV NTOV OVEQIKTOS HE TN YPNON TOL &V AOY®

KaBop1oTIKov.

H tehkn doxun rav n ypnon dwavpatog 10% eooopopikov o&Emg Tave ota dAota
G avtiotaong EAEYYOVL. ATO TV TPAOTN STIYUN TS EUPATTIONG TG AVTIGTOGNS GTO

dtdvpa Tov 0&émg Eekivnoe dpeca n mapoywyn LCAAId®V dto&ewdiov Tov GvOpaka
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N omoio VITOdEikVLE KoL TNV AVTIOPAGT TOL HE To avOpakikd dAota TG avTioTAONG.
Axoun, o ypovog mov ypeldotnke yio va yivel mAnpng kaboapiopog Nrav mepinov 20
Aentd. Ondte 10 POGPOPIKO 0EL AMOJELYTNKE KOl OO TPOUKTIKY TAEVPA Vo givar

KaAOTEPT AVoN Yo ToV KaBapIopd TV avtiotdoewy Tov Aoyeiov Bpaopov.
Ta ppate KaeBopiopov TV TEGGAPMV OVTICTAGE®Y NTOV T EENG:

1. Metd v amoudkpuven kabe avtictaong amd to Aoyeio Bpacpov, €yive
Ao TG KAOe piog pe apbovo vepod.

2. Xt ovvéyeln akoAovOnoe euPdmrtion ™G AvIioTOONS O6TO SLAALUO TOV
POCPOPIKOV 0EEMG PEYPL VO TapatnpnOel 0 TEPUATIGUOG TG avTIOpAoNS TOV
oAtV pe To 0&D.

3. 'Emerta akoAovBnoce mivom g avtiotaong pe aebovo vepd v peyddo
YPOVIKO OAGTNUA LE OKOTO TNV OMOUAKPLVGT T®V TPOIOVI®MV avTidpaong
oAAG kol TNV apaimon g TukvOTNTaG TOv 0&EmG GTNV EMPAVEIRL TNG
avtiotoons. Zuyxpoveg mpaypatomombnke kot g aepd  Tplypo g
avTIoTOONG LE TO XEPL YO TN SIEVKOAVLVGT TNG OTOUAKPVVOTG TMV OVGLOV.

4. Téhocg, ot avtiotdoels apédnkav yia pio nuépa oto mepiPailov dote va yivel

nodnTiKomoinon g emPAaveldc tovg pe ™ Pondela tov aépa [2].

Ot avtiotdoelg petd tov Koboapiopd pe 10 QOGPOPIKO 0ED eA&yyOnkav yia
omotadnmote mhavny SPpmon TG EMPAVELNS TOVG AOY® avTidpaonS HE TO 05V
Ko énerta enavatonofetnOnkav oto Aoyeio Bpaouol dnwg @aiveron otnv Zynuo

I17.

Kafapioudc Aoysiov Bpoouob

INa tov xoBoapiopd tov Aoyeiov Bpoaopod ypnowyomombnke owdivpa 10%
QPOCPOPIKOV 0EEMC OTMG YPNOYOTOMONKE KOl Y10 TS OVTIOTACELS. ANECOH e TNV
plym 1oL SWAVUATOG ©TO €0MTEPKO TOV Aoyeiov moapatnpnbnke mopoymyn
euvoadidov CO,. Zn ovvéxswn 1o ¥PNOWOTOMUEVO dtdAvpa Tov 0EEMG, apoD
Swkpodnke g avtédpace TANPOS HE TO GAato, odnyndnke amevbeiag oy

OmOYETEVOT) TOL EPYAGTNPIOV.
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O éheyyoc v va dwmiotmbel 6Tt n avtidopaon NTav TANPNG KOl OAOKANPOUEVN EYve
pe tn pérpnon tov tehkoV pH tov dtwhdparog pe meyapetpkd yopti. M minpng
avtidpaon Ba odnyovoe o pétpnon pH Kovid oto 7, Onmg Kt Eyve. XtV TePinTOON

OV M TN 0V YvOTaY amodekTn, giye NON cvpewvndel n TtpocHnkn emmAéov vepov

010 Aoyeio ywo ™ pelmon g TLKVOTNTAS TOL SOAVLATOG.

Zyua I1S Avtictaon n omola eiye actoynoel 6to mapelfdv AOY® GLGGMOPELGONG
aAGTOV TPV Ko PEeTd tov kabapiopo pe to First Spray
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Zyua IT7 Avtiotdoetg kKot doyeio petd tov kabapiopd pe @ooeopikd 0&H
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3 AIAKPIBQXH BAOMONOMHXEQN

IIpwv v évapén xdabe oepdg mepapdtov kpivetal amapaitntog o EAeyY0g NG
Aertovpyiog OAMV TOV PETPNTIKOV GTAOUMV TNG TEPOALATIKNG EYKATACTAUONC OOTE TO
AmOTEAECUOTO VO UTOPOVV va BempnBovv a&lomoTo Kot GUYKPIGIHO e TIG VITOAOUTEG

EPEVVNTIKEG EPYOCIES.

INa tov mopandve Adyo, mpv v Evapén TV TEPAUATOV TG Tapovoag AA énpene
Vo TPOYROTOTO 0oV  SloKPIBDOCES TOV  aVOIAOYOYNPOKADV HETOTPOTEMY, TWOV

EVIOYLTMOV — TOAVTAEKTAOV KOl TOV LOYVITIKOV POOUETPMV TNG EYKATAGTAOTC.

H dwkpifpoon tov ovoloyoyneuokdv UETATPOTE®V KOL TOV  EVICYLTOV —
TOALTAEKTAOV NTav avaykoio eEottiog tov yeyovotog 0Tt OA0 TO. OVOAOYIKG GYjLLOTOL
TOV HETPNTIKOV oTafumv ¢ eykotdotoons (Oeppootoryeio, HayvnTikd poOUETPO,
LETAALAKTEG TECEMS) KOTOAYOLUV  GTOVG avOaAoyown@lakovg petatponeic ADC—
PCL718 (ADC1) kot ADC-PCL717 (ADC2) gite angvbeiag (kavata 4-7 too ADC1
kot kavéAe 0 - 2 tov ADC2) eite péom TtV eVIGYVTOV — TOAVTAEKTOV TOTOL
PCLD-789D MUX A ka1 MUX B yia T1g teputtdoelg tov Oeppoctoyygiov tomov K
kot J (ITivaxag T15-114). "Etol 11 0mo100nmote avakpifelo Tov Topamave opyaveov
énpene vo oamotmBel kot vo oopBwbel dote va peidoovpe 6to gAdyIGTO TO

OTO10ONTTOTE GLGTNUATIKA COAALATO TOV TEPUUATIKOV ATOTEAECUATMOV LLOG.

H dwoxpifoon tov poyvntikdv poopétpwv g eykatactaong Oempnnke amapaitnn
KaOADG €KTOG TOL AVOAOYIKOD GNUOTOS TOV GTEAVOLV GTOUG OVOAOYO — YMOLoKOVG
LETATPOTELS TTPOGPEPOVY KOl OTTIKY EVOEIEN TNG TOPOYNG KATO TN OPKEL TOV
TEPALOTOG TOPEXOVTOS GTOV TEPAUATIOTH TN dvvatdtnTa pOHOUIONC Kol ST PNONG

NG PONG TOL YUKTIKOD HEGOL KABOAN TN S1dPKELD TNG TELPAUOTIKNG SLOOIKAGTOG.
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IMivaxag I15 Kavéaioe ADC-PCL718 kot cuvoedgpévor atadpoi pétpnong

Kavéir Ytafudc pérpnong
0 MUX A
1 H\extpovikd onpeio mdyov Beppoctoryeiov timov K
2 MUX B
3 Hlextpovikd onpueio mdyov Beppootorygiov tomov J
4 Mayvntcd podpetpo A
5 Mavépetpo mieong atpov oto Aoyeio Bpacpod
6 Mavépetpo mieong oty ave KeQaAn tov TuAraTog AoKIndy
7 Mawvépetpo mieong oto kdtm pépog tov Tunpatog Aokipdv

IMivaxag 16 Kavaiia ADC-PCL717 kot ovvoedepévol otadpoi pétpnong

Kavéair Ytafuodc pétpnong

0 Podpetpo atpon

1 Moyvntikd pooduetpo B

Mivaxag 17 Kavaiio MUX A kon etadpoi pétpnong

Kavail Yrofudg pétpnong
1 ®eppootoryeio atpov oto Aoyeio Bpaopon
2 Beppoototyeio vYpov oto Aoyeio Bpacuov
3 ®eppootoryeio atpov oty dve keeain tov Tpnqpatog Aokipumv
4 Beppoototyeio atpov oto kdT® péPog tov Tpnuatog Aokyumv
5 Beppoototyeio VYPOL GTNY AV KePAA Tov TuRpaTog AoKIUdV
6 ®eppoototyeio vYPoL 6To KaT® PEPOS Tov TunpaTog AoKImv
7 Beppoototyeio vYpPov oto Aoyelo ZvyKEVIpwONG
8 Beppoototyeio oty €l6050 TOV GLUTLKVAOTH
9 ®eppootoryeio otnv €£000 TOV CLUTLKVAOTY|

*oAa ta Beppootoryeia ivor Tomov K
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Mivaxog 18 Kavaima MUX B kat cta0poi pétpnong

Kavair Ytafuoc pétpnong
1 "Evdei&n cwinvoeidots BarBidog otov kAado by-pass
2 Ogppoctotyeio 2 tov Tunpatog AoKipdv
3 Ogppoctotyeio 3 tov Tunpatog AoKipdv
4 Ogppoctotyeio 4 tov Tunipatog AoKipdv
5 Ogppoctotyeio 5 tov Tunpatog AoKipdv
6 Ogppoctotyeio 6 Tov TunpaTog AoKidv
7 Ogppooctoryeio 7 tov Tunqpatog AoKidv
8 Ogppooctoyeio 8 tov Tunpatog AoKidv
9 Ogppooctoryeio 9 tov Tunpatog AoKidv
10 ®eppooctoryeio 10 Tov Tunpatog Aokiudv
11 ®eppootoryeio 11 Tov Tunpatog Aokiudv
12 "Evdeign cminvoedois Barfidag Tov kAGSov atpov tov Aoyeiov Bpacpon
13 "Evdelgn coinvoedoic BarPidag vypov eic6dov oto Tunpa Aokipdv
14 "EvdeiEn coinvoedotc BarPidag vypod e£6dov and to Tunuo AoKipdv
15 "Evdeién Aettovpyiog g avtiiog

*O\a ta. Oeppoctoryeio eivon TOmOL J

3.1 Awkpiwoeig ADC

3.11 Awkpipoon ADC 1

Koatd ™ dwndwcacio dwoukpipwong tov ADCI éywve éleyyoc yia va eaxptPobel av to
ynoeko ofua €£660v Tov peTatponén gival To 1010 HE TO AVOAOYIKO GTUO. TTOL
déxetanl amd Tovg petpnTikovs otofpovs. H dwdwkacio mpaypoatomomnke ywo 1o
kavaAl 7 tov ADCI1 o610 omoio givar cuvoedepévo 10 HOVOUETPO TEONG GTO KAT®
puépog tov Tunpatog Aokiu®v 0mov ivar 1 €l6050G TOV YLKTIKOV Y10 T TEWPALLOTOL

™G mapovong AA.
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H mepopoatikny owdtaén n omoia ocvykpotinke yu tov €Aeyyo g Olaxpifwong

napovotdletal oto Tynuo I18:
AZvvdéovpe 1o kavéh 7 tov ADCI pe mnyn otadepig tdong. Emedh to ofpa
€10000V givar povomoAikd, n ovvoeon pe tov ADCI etvan amdl. Avtd onpaivet
TOC O opvnNTIKOG TOAOG kol O oKpodéktng Low tov  petorpoméa
BpayvkukA®VovTol PE TNV YN TOL GLOTHUOTOS EVA O BeTKOG TOAOG TNG TNYNG
ovvdéetar pe tov akpodéktn High.H tehkn téon mov petpdron givar n dopopd
duvapKoD PETAED TOL BeTikoD TOAOL Kot TNG YNC.
Allapadinia pe v myn cvvdéovpe Stopétn Téong (TOTEVOIOUETPO) Yot v
umopovpue vo puOpilovpe v t1aon €1c600v otov ADCI oty meployn| Aettovpyiog
tov (0-10 V).
AlTapédinlo pe 10 TOTEVOIOUETPO GUVEOVUE Eva YNELOKO POATOUETPO TNG
etapeiog Kiethley to omoio poag mapéyst évoeién g tdong pe v omoio
TPOPOOOTOVLE TO KavAAL 16000V Tov ADCL.
AMe ) Borifeia Tov motevodETPOL TpOoPodoTovpEe Tov ADC pe Thon amd 0 g
10 V pe fua 0.25 V oote va kaAdyoope OAN v meptoyn Asttovpyiog tovADCL
HE TOOEG LETPNOELS MOTE VO EVOL EPIKTOG KOL OTOOEKTOG O OTATIGTIKOG TOVG
ENeYY0G.
* Téhog cuALéyovpe OAa Ta (ebyn tdoewv (thom e166d0v otov ADC cdppwva e
mv évoeltn tov PoAtopétpov Vi, — TAOGN MOV OAVIIGTOWEL OTNV YNOLoKN

mAnpoopia mov divel 0 ADC Vi) Ko 10 GUYKPIVOULLE.

H téon mov avtiototyel oty yneiokn tAnpoeopia mov d&xetar o ADC1 Aappdveran
and to npdypoppa MXSCAN [7]. H petatponny tng ynelokng tAnpoeopiag og téon
yiveton pe v oyéon 3-1 [8]

— ) 31

INa ™ obykpion TV omotedecpudT®V LWOAOYILETOL 1 YPOUUIKY] GLVAPTNON

avadpoung (3-2) ko mpaypatonotovvrol Student's tests otic mopouéTpouve oy Kot oy

NG OVOLOPOUNG.
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3-2

H

3| HaIAKO
BOKTOMETRC

High
HY KANAATT

o

]

1

s

S HPETHE

7 TPOGOAQTIKO
y TAHE

Yynuo 118 Avdraén Bobuovounong ADCL [9]

Anoteréopata - Topnepdopata And Tn OTOTIOTIKN EneEepyacio. TPOKVTTEL TMG O
OUVTEAEGTNG TOAAATANG GLGYETIONG R? givat toog pe 1.0000 apa n eyyvTnTo NG
TPOGOPUOYNG €Ml TOV TEWPAUATIKOV onueiowv givar mdpo moAd kain. Emmiéov, n
péon tetpayoviky] ondkion RMS raipver v tyum 0.13% m omoia gavepdvel 6t i
TOGOOTLOH0 ATOKAION TOV TEPALOTIKGOV onueiwv amd v e&icmon avadpoung eivan
oA pikpn. Xto Zymua 19 ameucoviletor dtoypopllotikd 1 YPOUUIKY] TPOGAPLOYT

TOV TILOV Vi Ko Vil
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10

Vout (V)

vin (V)

yuoe 19 Tpagikn aneicovion tov Tiwov dakpifoong tov ADCL

Xe ouVOLOCUO HE TO Topamdve devepyndnkav otmv R otaTioTiKd TECT Yoo TOV

ELEYYO TMV ENMOUEVOV VTODEGEWV:

* YVVTEAECTNG O
Ho: O cuvteheotig ap 1oovtan pe to 0

H1: O cvuvteleotg ag etvan dtdpopog tov 0

* ZUVTEAECTNG O
Ho: O cvvteleotg oz woovton pe 1o 1

Hi: O ovvtedeotig oy givat d1dpopog Tov 1

Amd to TAPOTAVE CTATIOTIKE TEGT TPOEKLYE OTL 1 UNOEVIKY LTOBEST] Yot TO o
amoppinteTol eved 1 UNdeVIKY] vrdBeon yio to o, €ivol amodekT| 6€ SlAGTNUA
eumotoovvng 99%. ‘Etol katoAnEope oTnv  TOPOKATO YPOUUIKY) GLVAPTNON

npocapuroyng v tov ADCIL:
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OMla o mopoamdve vroloyilovtar amevbeiog péoa amd tnv R Statistics xon
ovvoyilovtor otov akOilovBo mivako mov omoterel TV TEPIANYN TG YPOLUKNG

OLVAPTNONG AVASPOUNG:

Resi duals:
Min 1Q Median 30 Max
-0.004132 -0.001344 -0.000022 0.000770 0.003971

Coefficients:
Estimate Std. Error t value Pr(>|t])
a0 0.018095 0.000608 29.8 <2e - 16 ***
al 0.999718 0.0001 03 9680.7 <2e - 16 ***
Signif. codes: O 6***86 0.001 6**06 0.01
Residual standard error: 0.00188 on 38 degrees of freedom
Multiple R - squared: 1, Adjusted R -squared: 1
F- statistic: 9.37e+07 on 1 and 38 DF, p -value: <2e -16

amd T1c othieg Estimate ko Std.Error evdd ommv omin Pr(>[t|) vmoAoyileton
OTOTIGTIKN ONUOVTIKOTNTO 1 O7oio. avTIoTOlXEl oty ThavotTTo Amdppyng Tng
undevikng vrobéoewg. Twég Pr(>ft)) wkpodtepeg tov 0.05 OBewpoldvior otoTioTikd
onuovtikég Ko yivovton anodektéc. ‘Etot, pe v avdyvoon g tedkng mepiinymg
UmopovUE Vo KATOANEOVUE GUEGH OTIC TIHES TV GUVTEAECTAOV TNG OVOLOPOUNG OOV

1GOVVTOL LE:
Ko

IMa v amodoyn ™G YPOUUIKNG GLUGYETIONG TPOYHOTOTOLOVVTOL EAEYYOL OTTOKAIGEWV
TOV TUTOTOMUEVOV LIOAOIT®V TOv povTtéAov. Xvvnbelg amokAicelg eivar pn
KOVOVIKT] KOTOVOUY] CQOALATOV, Vmapén eEdptmong petald tov ceoipdtov, un
YPOUUIKN TOAVOpOUNoN HeTald TV GEUALATOV Kol NG aveEaptne HeTafAnTg
kaBmg kot pun otabepn OlakvUOVeN TOvg YVP® omd ™V TN 0. XTIg TEPUTTOGELS
Omapéng piog N TEPIoCOTEPMV AMOKAICEMV TOTE 1 YPOUUKT CLGYETION OV UTOPEL Vo

yivel amodek.

Apywa, oevepyeiton €heyyoc Shapiro — Wilk yio v damictoon Kovovikng

KATOVOUNG TV vroAoinmv. H un amdppriym g vmodeonc amoterel £EVOEIEN KAVOVIKNIG
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Katavoung tov vroloinmv. EmmAéov, pe tov deiktn Durbin — Watson umopodue vo
eléyEovpe v Omapén N un e€dptnong petald tov vmohoimwv. Téhog, pe 10
Sypoppe. TV VITOAOIT®Y Kot TG Tdong €£000v Yivetal YpoQIKn EMOTTEIN TNG

YPOLLKOTNTOG TNG TOAVOPOUNGTG TOVG KABMG Kot TG SoKOLOVOTG TOVG,.

Yy nepintwon tov ADCI o éleyyog Shapiro — Wilk dgv amoppintel tnv vmdOeon
KOVOVIKOTNTOG 0poD 1 TIUN GTOTICTIKNG ONUOVTIKOTN TG VtoAoyileTon iom pe 0.4169.
Axoun, o deixktng Durbin — Watson givot icog pe 1.85 pe 6Tatiotikny onuavtikotnto
ton pe 0.2556 amotélecpa mov dev amoppintetl TV VIOPEN U €£APTNONG HETAED TV
vrnoAoimwv. Télog, o éleyyog TV TeEAELTAIOV amOKAIGE®V YiveTanl YpaQIKd HE TO
OLAYPOLLUO TOV TUTOTOMNUEVOV VTOAOIT®V Kot TG aveEaptnTng HETaPANTG. ZT0
uo 19 eaiveror 6t ta VEOAOITOL €ivol OLOOLOPPO. KOTOVEUTUEVO KOl OEV
TapoLGIalovy ovopoloyéveln TV dlaomopav. Emiong n ypagiky mapdotacn Ttov
vroAoinmv delyvel po Tuyoio TomohETNoN Tovg YOP® Omd TN YPOLLUT TOV AVTIGTOUKEL

ocg vorouto "0".

0.004

0.002
|

Yroroua
0.000

-0.002
|

-0.004

Vout (V)

yuo I110 Katavoun tvromomuévev vroioinwv yio. tov ADCL
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To Zynua I111 rapovoialet Tic EAAEIYELS EUTIGTOGVVIG TV GUVTEAECTAOV O KOl O, GE

dloTNHaTo EUTIGTOGVVNG 95% Kot 99%.

And ™ oyéon 3-3 ocvumepaivovpe OTL Ol TIHEG TAONG TOV TAIPVOLUE UETE OO TN
petatpony] toug and tov ADCI eivor peyoivtepeg xatd op = 0.0181 amd Tig
TpayHatikég Tipég taonc. H mopamdve otatiotikn enelepyacio pog odnynoe ot
dpbwon Tov KMOKA TOv HePUOBOPOLAIKOD KUKAMUOTOC HOG KOl TOV KOOKO
eneepyaciog TOV TEPOUATIKOV OTOTEAECUATOV pHOG e TNV TPocHfkn Tov
OULVTEAEGTI] O OTIG GLVOPTNCELS LETATPOTNG TNG YNPLUKNG TANPOPOPIOG GE TACT) TOV

LETPNTIKOV GTAOU®OV TOV KOTAAYOLV oTa. KavaAta 4,5,6 kot 7 tov ADCL.

* Confidence level 5%
* Confidence level 1%

0020 —

URINE: B

al

no1e —

00T

0.016 = T T T T T T T

0.9094 0.9995 0.9996 0.9997 0.9998 0.95999 1.0000

al

ymua T111 EAAetyelg eumotoohivng TV GUVTEAEGTAOV 0 KOL 01 TNG YPOUUKNG
ocuvaptnong avadpoung tov ADCI ot erineda epmiotosvvng 5% kat 1%

3.1.2 Awkpipoon ADC 2

H dwdwacio daxpifmong oo ADC2 ftav mapdpota pe ovtr mov akolovdnonke yio
tov ADC1 .
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Ye avtnv Vv mepintoon to Kavdil tov ADC2 10 omoio cvvdédnke pe ™ otabepn

YN TAoNS NTAV TO KOVAAL 3.

Amoteléopatra - Xopmepdopara o 1t ortotwotiky - eneéepyocio TV
amotedecpudtov ¢ Oakpifmong Pabuovounong yw tov ADC2 axolovOnbnke

Tapopota dadikacio pe avt Tov akoAovnOnke kot otov ADCL.

O ovvteleotg TOALUTTANG cvoyétiong R kot 1 péom tetpaywvikn andokiion RMS
etyov Twég 1 wan 0.0586% ot omoieg pog Qavépwoov TOAD KoAn €yydTnTo TNg
TPOCUPUOYNG LE TOAD UIKPT OTOKAION TOV TEPAUOTIKGOV onpeiov. 1o Zynquo 1112

amekoviCeTan o1y POLLULATIKG 1] YPOUUIKT TPOGAPHOYH TOV TIHOV Vip Kot Vot

10

Vout (V)

Vin (V)

Zymua I112 Tpagkr| aneikoévion tov Tipev dtukpipoong tov ADC2

Onwg kot otov ADCI €101 ko otov ADC2 d1evepynnkay ta 1010 6TATIGTIKA TECT Y10
ToV €AeYY0 TOV 1010V UNdeVIK®V LToBécewv. ATO avTd KATOANEQUE TNV AmOPPIYT
NG UNOEVIKNG LOBECEWMS Y10l TOV GUVIEAEGTI Oy KOl GTNV OOO0YN TNG UNOEVIKNG
voféoewc tov ovvteheot ap (Zynquo I114). ‘Etor n ovvdptnon avadpoung mov

vroAoyiotnke glvar n akdAovon :
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3-4

H mepiinomn g ypopKnig cuvapTnong avadpoung etvat 1 akdAovon:

Residuals:
Min 1Q Median 30 Max
-2.78e -03 -7.92e -04 -7.77e -05 8.89% -04 1.89e -03

Coefficients:
Estimate Std. Error t value Pr(>|t])
(Intercept) -1.11e -03 3.66e -04 -3.04 0.0042 **
data], 1] 1.00e+00 6.22e -0516077.51 <2e - 16 ***
Signif. codes: O 6***96 0.001 6**06 0.01
Residual standard error: 0.00113 on 38 degrees of freedom
Multiple R - squared: 1, Adjusted R -squared: 1
F- statistic: 2.58e+08 on 1 and 38 DF, p -value:<2e -16

Ot TYWEG TOV CLVTEAESTAOV TNG OVOSPOUNG EIVOL GTOTIGTIKA GNUAVTIKOL Kol 1GOVVTOL

ue:
Ko

O éheyyog Shapiro — Wilk dev amoppinter v vmobeon KoavovikOTnTag He TN
OTOTIOTIKNG onuovTikdmrag ion pe 0.5464. O deiktng Durbin — Watson eivau icog pe
2.05 pe otatiotikny onuoavtikétnta ion pe 0.4948 amotéAeso oL OEV ATOPPITTEL TNV
omapEn un e€dptmong petabd tov vmoloimwv. Xto Xynuo 166 ¢@aivetar 611 T
vrorlowma  gival opodpopea  katavepunpévo yopo omd v T 0 evd  dev

TaPOVGIALOVV OVOLOIOYEVELD TV OLOGTTOPDV.
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Yrtohona

-0.002 0.000 0.002 0.004

-0.004

Vout (V)

yuoe 1166 Katavoun tvronompévav vroioinwv yio tov ADC2

And ™ oyxéon 3-4 TopaTNPOLUE UK VOTEPNON TV UETPOVUEVOV HeYEOmDV amd Ta

npoypatikd katd 0.0011. Onwg ko pe tov ADCI kot oty mepintwon tov ADC2

dopldoape TOVG KMOIKES TOV UETATPEMOVLY TNV YNOLUKT TANPOoQopia 6€ ThoT HOVO

070 KOovOAL 1 Tov pag evolapépet Kot GLVOEETOL TO PLayvnTikO podueTpo B.
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* Confidence level 5%
* Confidence level 1%

n.ooon —

-0.0005 —

-0.0010

al

-0.0015

-0.0020

0.9985 0.9996 0.9997 0.95993 0.9959

al

ZyMua 114 EAlelyelg umotocuvng TV GUVIEAEGTMOV ap KOL 011 TNG YPOLLUIKNG
cuvaptnong avadpoung tov ADC2 c¢ ernineda epumiotosvvng 5% xat 1%

3.2 Awkpifwosic MUX
3.21 Awkpipoon MUX A

O MUX A déyetan oty €ic00d tov onua and to Beppoctoryeio tomov K kot 10

evioyvet kata 1000.

H dwowoaocio dwukpifoong tov evioyut) — TOALTAEKTN 1) omoia akoAlovOnOnke
avoAdeETOl TopokdTe® kot oto Zynuoa [168 amewovileton n Sdrtaén mn omnoia

¥pnooromdnke Katd tn dakpifmon:

AZvvéovpe to kavii 0 too MUX A pe mnyn otabepiig Téonc.

AlTapéadinia pe v myn cvvdéovpe drapétn Téong (TOTEVOLOUETPO) VIOl Vol
umopovpe vo puOuilovpe v t1aom 16600V otov MUX A otnv mteproyn amd 0 €mg
10 mV.

ATTapadinia pe 1o TOTEVOIOUETPO GUVSEOVLLE EVaL YNOLAKO POATOUETPO TNG
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etarpeiog Kiethley pe to omoio petpdue v téon pe v omoia. TPoPodoTOHUE
KkéBe Qopd to KavdAl ei.c6oov Tov MUX A. Me 1 Bonfeto Tov TOTEVGIOUETPOL
tpogodotovpe tov MUX A pe tdon omd 0 éog 10 mV pe Ppa 0.25 mV oote
HeTd TV evioyvorn Tov oNuatog pe evioyvtn képdovg 1000 va kaivedel 6An M
neproyn Aettovpyiog oo ADCI1 (0 - 10 V) 6mov givon cvvoedepévog o MUX A
(kavail 0 tov ADC1).

AZto kavii avoroyhg £16680v Tov ADC 610 omoio deopedetor 1 ££080¢ Tov
MUX A ovvdéovpe POATOUETPO OTOL HETPAPE TNV EVICYLUEVN TAOCT TOL
TOALTTAEKTT).

ATéhoc suddéyovpe dha Ta (evyn Thoemv (tdon e166d0v 6tov MUX A (Vin) —

TAOMN OV AVTIGTOXEL 6TV YN ELakn TAnpopopia mov divet o ADC1 (Vout)) kot ta

OLYKPIVOLLLE.
YHOIAKO
WHOIAKD O
BoAToMETPO [ ] -5 BOATOMETRO

4L
High Low —H]ghlz,—

WD) o KANAC UAPETHE

ADC T

i

Yynuo I168 Adtaén Babpovounong MUX [9]

Anoteléopata - Topnepdopato H dadwacio g otatioTikng eneéepyociog TV

ATOTEAECUAT®V OV akoAovOONie NTav mapouola pe avth twv ADC.

O ovvteleoTg TOAAATANG CLGYETIONG R? kot N uéon tetpaymviky omdkiion RMS

etyav Tyég 1.0000 kor 0.389% ot omoieg pog QOvVEPMGAV TOAD KOAN €yy0TNTO TNG

TPOCUPUOYNG LE TOAD WIKPY AOKAICT] TOV TEWPAUATIKOV onpeimv. Xto Zynua 1169
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amewovileTar N YPOUUIKT] TPOCOPUOYN TOV TIUAV TACE®V €600V Kol £5000V.

10

Vout (V)

| | | | | |
0.000 0.002 0.004 0.006 0.008 0.010

Vin (V)

Zyua 1169 I'pagikn areikdvion tov tipdv dtokpifpoong tov MUX A

Axoun devepyndnKav GTATICTIKA TEGT Y10 TOV EAEYYO TV ENOUEVOV VITOBECEMV:

* YVVTEAECTNG O
Ho: O cvvteheostg ao 1oovton pe to 0

H1: O ouvteleotg ag etvan dtdpopog tov 0

* YUVTEAEOTNG Oy
Ho: O cvvtedeotg ag toovton pe to 1000

Hi: O ocvvteleotig oy givon dbpopog Tov 1000

Metd 1o otoTIoTiKE TECT amoppipbnke mn  undevikny vmdbeomn yw. TO O
eVO £€ytve amodekT Yo T0 o1. 'Etol katadnEape 6ty TopaKaTto YPOUUIK) cuVEPTNOoN

wpocaproyng v tov MUX A:

E&iowon 3-5
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H mtepiinym g ypopukng mpocappoyng ivor n axoiovon:

Residuals:
Min 1Q Median 3Q Max
-0.03291 -0.01008 0.00022 0.00883 0.03829

Coefficients:
Estimate Std. Error t value Pr(>|t])
(Intercept) 1.77e -02 5.20e -03 3.41 0.0016 **
data], 1] 1.00e+03 9.06e -011104.01 <2e - 16 ***
Signif. codes: O 6***86 0.001 6**06 0.01
Residual standard error: 0.0159 on 37 degrees of freedom
Multiple R - squared: 1, Adjusted R -squared: 1
F- statistic: 1.22e+06 on 1 and 37 DF, p -value:<2e -16

Ot oVLVTEAEOTEG  YPOUUIKNG  TPOGOPUOYNG  €lval  OTATIOTIKG  ONUOVTIKOL Kot
vroroyiCovtot {cot pe:

Kot .9060.

O éleyyoc Shapiro — Wilk dev amoppintet v vrofeon kavovikOTNTOoG UE TN
oTOTIOTIKNG onuovTikdmrag ion pe 0.5381. O deiktng Durbin — Watson eivau icog pe
2.06 pe otatiotikny onuoavtikdtnta ion pe 0.5008 amotéAespa Tov OV amopPInTEL TNV

omapEn un e€PTNoNG LETOED TV LITOAOITWV.

e avtifeon pe ta mponyovueva, oto ynuo [166mapatnpeitonr 6Tt Ta VOGO deV
gtvor  opodpopea  katavepnpévo yopo omd v T 0 kot mopovcialovv
OVOLLOLOYEVELXL TV SOGTOPMV. L26TOGO, ENELON TO EDPOG TOV TIUMV TNG TAONS ££0d0V
tov MUX A yw ta mepdpato g mapovong AA kot Oepuoxpaciec 0 €éwg 100 °C
avapéveror petald tov tipav 0 éog 4.1 V omov dev vrdpyet 1660 peydin dactopd
VIoAOIT®OV KOl €pOGOV OAOl Ol dAAOlL GTOTIOTIKOL EAEyyOl OEV AmOPPINTOLV TIG
vdéAouteg VoBEcELS TV LTOAOIT®Y, dgv TpayuaTOoTOMONKE KATOW OAAXYT] GTNV

TEAMKY] GUGYETION KO £YIVE OTOSEKTN 1) YPOUUKT TPOCOPLOY.
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Zyua I170 Katovoun tvmomomuévav vroloinmy yio tov MUX A
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Zyua 171 EAdelyelg eumotoouvng TV GUVIEAEGTOV 0 KOL 01 TNG YPOUUIKNG
ouvaptnong avadpoung tov MUX A og enineda gpmiotocvvng 5% kot 1%
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To amotéhecpo ™G mopAmAved OvVOALONG MTOV 1 OAAOYN TOV KOOIKO TOV
0epLODOPAVAIKOD KUKADUATOG HE TPOCONKY TOV CULVTEAESTH Oy OTIG TACELS TMOV

Oeppootoryeiov tomov K.

322 GI AT RgaMUR B

O MUX B déyetan otnv €i60d6 to0v ofua and to Beppoctotyeio tomov J kot to

evioyvet kata 200.

H Swdwacio daxpifmong n omoio axolovbnbnke eivor mapodpolo pe avty mwov
axolovOnOnke yuoo tov MUX A pe ) povn dweopd 6Tt mAéov pe tn Ponbeto tov
TOTEVGLOUETPOV TPOoPodoTovpe Tov MUX B pe tdon and 0 éog 50 mV pe prpa 2.5
MV ®ote PETA TNV £VioyLoN TOL GNUATOG He eVIoyLTY KEPAOLG 200 va KaAveBel OAn
n mepoyn Asrtovpyiog tov ADCL (0 - 10 V) omov eivar cuvdedeuévog o MUX B
(xavai 2 tov ADC1).

Amoteléopata - Xvpmepdopato O cuvieheotg mOAATANG cvoyétiong R kot
péon terpayoviky omdkion RMS eiyov tpéc 1 ko 0.213% ot omoieg pag
QOVEPOGOV TOAD KOAN €YYOTNTO TNG TPOGOPUOYNG HE TOAD IKPN OTOKMOT TV
TEWPAPATIKOV onpeiov. 1o Zynua [172 ansikovifovtot 1 YpOpUIKY TPOCUPLOYT TMV

TILAOV TACEDV €GOV Kot GO0V
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10

Vot (V)

0.01 0.02 0.03 0.04 0.05

vin (V)

Zymua I172 Tpagikn aneikoévion Tov Tiuov dtoukpipoong tov MUX B

Axoun devepynOnKav GTATIGTIKA TEGT Y10 TOV EAEYYO TV ENOUEVOV VTTODECEWDV:

* YVVTEAECTNG O
Ho: O ovvteheotg ap 1oovton pe to 0

Hi: O ocvvteleotg ap ivar dtdpopog tov 0

* YVVTEAEOTNG Oy
Ho: O cuvteleotig oy 1oovtan pe o 200

Hi: O ovvteheotg oy elvan d1dpopog tov 200

Metd 10 otatotikd TeoT  amoppipOnke M pndevikny vmobeon Yo TO 0o
evd &ywve amodektn yia 10 op (Zynua I174). ‘Etotl mpoékuye N TopakdT® YPOLUUIKI

ouvapnomn mpocsapproyng yo. tov MUX B:

E&iowon 3-6
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H mepiinym g ypopukng mpocappoyng ivor n axoiovdn:

Residuals:
Min 1Q Median 30 Max
- 0.006968 -0.003655 -0.000317 0.002994 0.007676

Coefficients:
Estimate Std. Error t value Pr(>|t])
(Intercept) 2.05e -02 2.02e -03 10.1 7.4e - Q9 ** *
data[, 1] 2.00e+02 6.76e -02 2957.7 <2e - 16 ***
Signif. codes: O 6***96 0.001 6**06 0.01
Residual standard error: 0.00436 on 18 degrees of freedom
Multiple R - squared: 1, Adjusted R - squared: 1
F- statistic: 8.75e+06 on 1land 18 DF, p -value: <2e -16

Ot oVLVTEAEOTEG  YPOUUIKNG  TPOGOPUOYNG  €lval  OTATIOTIKG  ONUOVTIKOL Kot
vroroyiCovtot {cot pe:

Kot .0676.

O éleyyoc Shapiro — Wilk dev amoppintet v vrobeon kavovikdOTTog MHE TN
OTOTIOTIKNG onuovTikdmrag ion pe 0.6761. O deiktng Durbin — Watson eivou icog pe
2.09 pe otatiotikn onpovtikotnta ion pe 0.4768 amotéAeso TOL OV AMOPPITTEL TV
omapEn un e€dptmong petabd tov vmoloimwv. Xto Xynuo I173 @aivetar 611 to
vrorlowma  gival opodpopea  katavepunuévo yopo omnd v T 0 evd  dev

TAPOVGLALOVY OVOLLOLOYEVELD TV JLOGTOPMOV.
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yuo 1173 Katavopn tvromompévav vroroinwv yio tov MUX B
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al

ymua IT74 EXAetyelg eumotoohvng TMV GUVTEAEGTAOV 0 KOL 01 TNG YPOUUKNG
ocuvaptnong avadpoung tov MUX B ce enineda epmiotosvvng 5% kot 1%
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3.3 AwKpifwon LAYV TIK®OV POOUETPWV

I[Ipwv v £évopén TtV TEPOUOTIKOV OladlKaoudy Kpidnke oamapoitntn Kot m

dwkpifoon towv payvntikov poopétpov E+H1 (MFMI1) ko E+H2 (MFM2) g

etarpiag EndresstHauser Flowtec AG. 1o Eynquo I175 eaivetoar 1 0éon tov 600

POOUETPOV OTNV  €YKATACTACY, KoODG Ko M OAn odtaén Owakpifwong mov

ypnopomomOnke n onoia kot o avarlvdei TapokdTm.

——  Aoxelo —
| Bpaopol ___|
[>'<P—|
v
TuApa AoKIpwv
MFM1 sv2
v
MFM2 |
OYKOMETPIKO
Aoxelo
\ | DX zoapix BaABia
DX PuspioTik Barpioa
Aoxelo
SUYKEVTPWONG K| Zwhvorisi BaApica

Zymua I175 Avdroén Babpovoumons twv poopeTpwv
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O éheyyog dwkpifpwong tov poouétpov Elape ydpa oe ddpopec Beppokpacieg Ko
TEGELS Y10 VO SLOTIOTMOOEL TEWPOUOTIKA AV ETOPOVV GTN AEITOLPYIN TOV POOUETPOV.

H dwdikacio dtoukpifwong eiye og e€ng:

A Ta podpetpa Stappéoviar amd vepd mov mpoépyeton omd 0 Aoyeio Bpaopod
kot Ppioketar oe mpokabopiopévn mieon ko Beppokpacio (ITivaxoag I19). To
vepd ovTO KATOANYEL ©€ v OYKOUETPIKO Ooyelo weélypov oykov 12
Mtpwv, 10 omoio pépet onTikd otadpodsiktn 12 dwPaduicewv.

A Me ™ Bondeia Tov oykopeTpkol doyeiov YvopilovpEe TOV TPOYHOTIKO OYKO
TOV VEPOV TTOV £XEL O1EA0EL OO TOL POOUETPOL Kol LITOAOYILOVE TNV TPAYLATIKT

TOPOYY| Ao TN oYEoN:

E&iowon 3-7

omov T glvatl o xpdvog mov amoLTEITAL Y10 TN CLYKEVIPMOT] GTO OYKOUETPIKO
doyeio vepob mparypotikod oykov V. Me to mpdypappo fplus.for [10] (éreira
oo KATAAANAN Tpomomoinon kot TPOGHEsT TOV TAPAUETPOV 0 KOl a1 TOV
nponABav éneta amd ™ dtukpifwon Tv dHo mpoavapepBiviwv ADC) yiveton
HETPNON TNG TPOYUATIKNG Topoyns Qr €1GAYOVTOC TNV 0PYLIKY KOl TNV TEAMKN
Babuida pérpnong tov ctabpodsik.

AH evdeucvdpevn mapoyy Qx vmoloyileton xon ovty amd to fplus.for
YPNOLUOTOIDOVTOS TNV YNPLOTONUEVT] TANPOPOPIL TOV TPOEPYETOL OO TOVG
dvo ADC.

Inuewdvetoar Tog katd ™ dwkpifmon oe mieon 1 bar n pon eAéyyeton amd
pvOuiotikn ParPida mwov Ppioketor apéowg petd to poyvntikd poduetpo E+HI1 evo
Katd ) Swkpifmon og mieon 2 bar o otpayyoaMopudg tov vepov yivetar amd T
puOuoTik) ParPida mov TpooTédnKe €10KA Y100 AVTE TA TEPALOTO OUECHOS LETA TO

poyvntiko poduetpo E+H2 kot tptv 1o oykopeTpikd doyeio.
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IMivaxag 19 ZovOnkeg micong kot Oeppokpacioc katd T dwwkpifpoon Tov
RAYVIITIKOV POORETPOV

[Tieon Ogppokpacio

1bar 25°C,95°C

2 bar 125 °C

Anoteréopata - Zopnepaopato Oleg ot SoKPIPAOCELS TOV HOYVNTIKOV POOUETPOV
TOPOVGICAY TOAD 1KAVOTOMTIKA amoTEAEGHATO. OAOL Ol GUVTEAEGTEG TOAAATANG
OLOYETIONG KOODG Kot Ol TIHEG TOV HECMV TETPUYMOVIKAOV OTOKAMOEOV QavEp®oAV
TOAD KOATN €yy0TNTO TNG TPOGUPUOYNS KOl TOAD LIKPT OOKAON TOV TEPUUATIKOV

onueiov (TTivaxag 1110).

IMivaxag 110 Aroteréopato Padpovopnong poyvnTIKOV poopiTpmV

Mayvntikd pooduetpo | [Tieon / Oeppokpacia | R | RMS%
E+H1 1 bar /25 °C 0.9% | 7.72
E+H1 1 bar /95 °C 0993 | 7.34
E+H1 2 bar/ 125 °C 0.991| 6.63
E+H2 1 bar /25 °C 0.998 | 6.70
E+H2 1 bar /95 °C 0992 | 7.17
E+H2 2 bar/ 125 °C 0.990 | 6.02

Axoun dlevepyndnkov GTATIGTIKA TEGT Y10 TOV EAEYYO T®V EMOUEVAOV VTTOOEGE®V:

* ZUVTEAECTNG O

Ho: O cvvtedeostg ap 1oovTon pe to 0
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Hi: O ovvteheotic ap eivor dtapopog tov 0

* YVVTEAEOTNG Oy
Ho: O ovvteleotig oy 1oobtan pe 1o 1

H1: O cvvteleotg oy givon dtdpopog tov 1

Ao To TOPOTAVED GTATIOTIKA TEGT OAEC Ol UNOEVIKEG VTTOOEGEIC TOGO Y10 TO 0y OGO
KOl Y100 TO 07 €ywvav omodekTéc o€ OAeC TIG ovvOnkeg dlakpifmong kot ota 600
poyvnTikd podpetpa. ‘ETol n TEMKN YPOUUK: GUVAPTNON TPOGOPUOYNG KOl Yo TO

d00 podUETPU £XEL TNV TOPOUKAT® LOPON:

E&iowon 3-8

OM n otatiotikn emeepyacio yivetanr pe ) Ponbewa tov Aoyiopikod mokétov R
statistics [11] kot tov k®dwko “Vathmonomiseis.R” mov ypdetnke 610 TAAIGLO NG

napovong AA.

* Conf. level 5%, 25°C
* Conf. level 1%, 25°C
Conf. level 5%, 95°C
Conf. level 1%, 95°C
* point (1,0}

04 —

0.2 7

al

0.0

0.2 —

0.80 0.85 1.00 1.05

al

ymuo 176 EALelyelg eumotoouvng T@V GUVIEAEGTMV g KOL 01 TNG YPOUUIKNG
cuvaptnong avadpoung tov E+H1 og enineda epmotosvvng 5% xat 1% oe micon 1
bar kot Oeppoxpacieg vepov 25 °C kar 95°C
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06 | & 4 * Conf. level 5% (1bar 25°C
4 a * Conf. level 1% (1bar 25°C
Ao N Conf. level 3% (2bar 25°C)
e — A, 4 Conf. level 1% (2bar 25°C)
’ + point (1,0)
o FY
0.2 .
'y
Lo
CRT N
ry
ry
Fy
-02 —
04 —
-06 —
T T T T T T T
0.80 0.85 0.80 0.85 1.00 1.05 1.10

Zymua IT77 EAAelyelg eumotoohivig TMV GUVTEAEGTAV 0 KOL 01 TNG YPOUUKNG

ovvaptnong avadpopns tov E+H1 o¢ enineda epumiorocivng 5% kot 1% oe méoeig 1

ko 2 bar ko Ogppoxpacio vepov 25 °C

* Conf level 5% (1bar 25°
Conf_ level 1% 1bar25:

Conf. level 5% (2bar 25
Conf. level 1% (2bar 25
point (1,0)

.n

02

01

al

0.96 0.88 1.00 1.02 1.04 1.06 1.08

al

ymuo 178 EALelyelg eumotoouvng TOV GUVIEAEGTMV ap KOL 01 TNG YPOUUIKNG

ovvaptnong avadpopuns tov E+H2 o enineda epmorocivng 5% ko 1% o nieon 1

bar ka1 Oeppokpacieg vepov 25 °C ko 95°C
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Yy * Conf. level 5% (1bar 25°C
0E ol S ¢ Conf level 1% (1bar 25°C
L s, Conf. level 5% (2bar 25°C)
A “ Conf. level 1% (2bar 25°C)
0.4 Y + point (1,0)
k F Y
02 — .
'y
Lo,
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s F Y
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& A
02 — 'y "
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- A
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Y
Y
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05 — il Y
A
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al

Zymuoa 179 EAdelyelg eumotoouvng TV GUVIEAEGTMOV 0 KOL 0.1 TNG YPOUUIKNG
ovvaptnong avadpopns tov E+H2 o enineda epumiorocivng 5% kot 1% oe méoeig 1
ko 2 bar ko Ogppokpacio vepov 25 °C
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4 APXEIA EEOAOY TQN ITPOTPAMMATQN EIIEZEPTAXIAX
AEAOMENQN

Koatd v extéleon tov mpoypaupdtov eneéepyaciog dedopévov EXpRUN.R kot
StatsRun.R, ta omoia cuvtdydnkav ota mlaico ¢ mapovong AA pe T ¥pnon Tov
nakétov R Statistics, eyypagovral apyeio eicovag Kot opyeio KEWWEVOL T omoia ival
YPNOUO YO TNV OLEPEVVIOT TOV QOIVOUEV®V TOV AQUPAVOLY YOPO OALL Kol TNV
e€aymyn OCLUTEPACUATOV. XNV Topdypago oavt mapotibevior OAo To opyeio
KEWEVOL KOl EIKOVAG OV OVAPEPOVTOL OVOUACTIKE OTIG Tapaypdeovg §4.2 kot §4.3

g AA.

4.1 Apxsio PG TEPAUATIKNG TIPOGOUOLWGTC

Metd v extédeom tov poypdupatoc EXpRUN.R mpokdntouy mévie apyeia eikovag
OV OPOPOVV TO TEIPOUATIKA OEOOUEVO VOGS LOVO TEPALOTOS TPOGOLOIMOTG. ZTNV
napdypa@o ovtn mopatifevior ta apyelo €KOVOS TOL TPOKVTTOLV UETE TNV
eneepyacio TV dedopévev TOV aTHOCEUPIKOD TEpapatoc 19051047.14 1o omoio
devepyndn oe ovvbnkec kopeopov, mapoynsg wouktikod 0.033 Kg/s kot apykng
Bepurokpacio toympatog papoov 550 °C.
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4.2 Apyxela oG oG TELPANATIKNG GELPAG TTPOCOUOLWOEWV

Metd v extéheon tov mpoypdupoatog StatsRun.R mpoxvmrovv téccepa apyeio
EIKOVAG Kol £va, 0pyElo KEWWEVOL TOL APOPOVV TO TEPAUOTIKG OESOUEVA LLOG CELPAS
TPOCOUOIDCEWY. XTIV TOPAypoeo ovtn mopatifevior to apyeloe €oOVag TOov
TPOKLATOVY UETA TNV emelepyocio TOV OedOUEVOV TNG TEPOUOTIKNG OCEPAG
TPOGOUOIDGEMY TOV dlEVEPYNON € cLUVONKES KOPEGLOV Kot Topoyns yuktikov 0.033

kals.
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Apyeio €£600v amotereopdTov Stats.txt

INPUT DATA

1/u Tw

1 148.4393 521.3482

2 154.0073 509.5700

3 156.4679 505.4500

4 159.1676 493.1801

5 154.3026 490.0566

6 153.1496 492.4500

7 155.4556 483.2086

8 154.1479 481.2579

9 154.0636 473.5866

10 153.8386 469.8998

11 154.3026 472.9309

12 154.4573 467.9621

13 154.7666 463.4002

14 154.1479 456.7312

15 154.1479 447.1365

16 154.1479 447.7684

17 153.6839 447.4579

18 154.3026 439.1734

19 152.6715 437.3980

20 153.5292 429.2725

21 151.2936 424.2492

22 151.6029 419.2834

23 152.6856 415.5824
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24 151.1389 412.1659

25151.1389 407.1147

26 148.8892 407.9004

27 143.7289 407.5564

28 146.6535 400.6962

29 145.6552 392.8557

30 143.4899 390.6571

31 144.4179 381.9122

32 144.0242 375.5674

33 141.0996 374.9139

34 145.2615 364.5840

35 144.7975 363.5782

36 146.3442 360.6822

37 143.3493 351.4969

38 143.7148 350.0921

39 143.3352 351.6922

40 143.8695 345.4104

41 144.8819 339.2944

42 140.0169 334.9937

43 143.8695 329.5550

44 143.1805 326.8755

45 144.4882 315.7274

46 143.4196 313.1451

47 143.4899 312.4005

48 141.8588 309.5872

49 143.4055 304.6712
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50 143.7992 299.4278
51 142.1119 296.2820
52 142.4213 289.7665
RESULTS
1. Estimation of the parameters of the regression
a0 al
120.4234 0.07008062
2. Experimental and estimated values of the dependent variable
1/u(exp) 1/u(est) Deviation %
1 148.4393 156.9598 -852.0549474
2 154.0073 156.1344 -212.7125899
3 156.4679 155.8457 62.2206261
4 159.1676 154.9858 418.1788478
5 154.3026 154.7669 -46.4314701
6 153.1496 154.9346 -178.5045661
7 155.4556 154.2870 116.8597394
8 154.1479 154.1503 -0.2396338
9 154.0636 153.6127 45.0913133
10 153.8386 153.3543 48.4286368
11 154.3026 153.5667 73.5864997
12 154.4573 153.2185 123.8781588
13 154.7666 152.8988 186.7782375
14 154.1479 152.4314 171.6450039
15 154.1479 151.7590 238.8852577
16 154.1479 151.8033 234.4568633

17 153.6839 151.7816 190.2328666
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18 154.3026 151.2010 310.1611574

19 152.6715 151.0766 159.4932709

20 153.5292 150.5071 302.2072798

21 151.2936 150.1551 113.8508784

22 151.6029 149.8071 179.5815133

23 152.6856 149.5477 313.7883513

24 151.1389 149.3083 183.0613956

25151.1389 148.9543 218.4605191

26 148.8892 149.0094 -12.0157153

27 143.7289 148.9852 -525.6349419

28 146.6535 148.5045 -185.0982341

29 145.6552 147.9550 -229.9815228

30 143.4899 147.8009 -431.1035974

31 144.4179 147.1881 -277.0187948

32 144.0242 146.7434 -271.9240421

33 141.0996 146.6976 -559.8042735

34 145.2615 145.9737 -71.2216924

35 144.7975 145.9032 -110.5729835

36 146.3442 145.7003 64.3923644

37 143.3493 145.0566 -170.7264824

38 143.7148 144.9581 -124.3315567

39 143.3352 145.0703 -173.5051569

40 143.8695 144.6300 -76.0519122

41 144.8819 144.2014 68.0493959

42 140.0169 143.9000 -388.3110313

43 143.8695 143.5189 35.0637163
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44 143.1805 143.3311 -15.0581812
45 144.4882 142.5498 193.8383963
46 143.4196 142.3688 105.0753152
47 143.4899 142.3167 117.3235183
48 141.8588 142.1195 -26.0707005
49 143.4055 141.7750 163.0509330
50 143.7992 141.4075 239.1670060
51 142.1119 141.1871 92.4829679
52 142.4213 140.7305 169.0839967
3. Variance (about regression) :312.9558 %
4. Residuals mean square -RMS: 1.664241 %
5. Variance - Standard Deviation of the regression :
6.259115 2.501822
6. Variance - covariance matrix of the parameters
4.656612 -0.01128691
-0.01128691 2.808367e-05
7. Standard errors of the parameters
2.157918  0.005299403
1.791942 7.561867 (%)
8. Multiple correlation coefficient -R: 0.8818503
9. Means of variables
v Tw
148.5891 401.903
10. Standard deviation of variables
v Tw

5.253485 66.10654
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11. Correlation matrix

1 0.8818503

0.8818503 1
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5 [I[POI'PAMMATA EIIEEEPTAXIAY ITIEIPAMATIKQN
AEAOMENQN

5.1 AAyoplOpog vToAoylopov OEpHoKpaciag Kol XPOVIKNG GTLYUNG

emavaving evog Oeppootoryeiov g paBdov

oppova pe 6ca avagépnoav oty mopdypago §2.3 g AA. wg Beppokpacio
emavayvuéne Bewpeiton n Oepuokpocio otnv omoio mpaypotomoleitor n Yoén UG
véPBepuUNG emPAveElnG amd 10 YukTIKO péso. H Ogpuoxpocio avti pmopei va
VTOAOYIOTEL 0O TO YOVV TNG KAUTOANG oL amekovilel tn Beppokpactoky| 1otopio

T0V KGO Bepuootoryeiov [12, 13].

Enedn 1o yovuv amoterel 10 onueio kaumng g Koapmuing e Oepprokpaciog evog
Bepuoctoryeion évavtt tov ypdvov, o axpPng mpocdiopiopds Tov  (XPOVOC,
Oepuokpacio) yivetor pe TOV VTOAOYIGUO TOL OKPOTATOL TNG TPATNG YPOVIKNG

Topay®yoL TG Beprokpactakng otopiag (Zynuoe I189).

O akyop1BL0g VTTOAOYIGHOD TNG YPOVIKNG GTIYUNG Kol TG Oeprokpaciog emavayvéng
10V KaOe otabuol pétpnong g Beppokpaciog g paPdov eumepiéyetal 6t povtiva

CheckEXxp.R kot éxet og e€nc:

U  Apywd vroroyiletor n mpdTn XPOVIKN TOpdywyoc g Oeppokpaciog tov kabe
Beppooctoryeiov:

my. Yo, T0 Ogppoctoryeio TCO
derTC 6<- diff (finalData $TC6)/ diff (expData $Time)

U "Emerta vroroyiletor o xpdvog otov omoio eppaviletal to ELAYIOTO 0KPOTATO TG
TOPUYDYOV:
minderTC6< - min(derData$derTC6)
timeTC6< - subset(derData, derData[,6] == minderTC6)

U Téhog amd ta apykd mepapoatikd oedouéva, avtiotoryilovpe 10 ¥POVO 7OV
TpaypatoromOnke 1 emavayvén tov kdbe Beppoctoryeiov oty avtictolyn T

™G Oeppokpacioc:
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TcTC6<- subset(finalData, derData[,1] == timeTC6)

‘Etotr Aowdv ot tuég timeTC6 kar TCTCOH avtiotoryovv TN ¥POVIKY OTIyun
emovayvéng kol ot Beppokpocio emavayvéng Tov Beppokpactokod 6Tadpon

TC6 ™ pdpdov.

12051341.14.dat

Temperature ("C)
aoo 400

200

100
|

] 50 100 150

Time (g}

-10

First Order Derivative
=30
]

-0
|

] 50 100 150

Time (s}

Yyuo I189 Oepuokpaciakn wotopia emavayvyouevng papdov Kot TpmT Topdyyog
and meipopo g tapovong A.A. (meipapa No 12051341.14)

5.2 Ileplypa@n) EYYEVWV CUVAPTIOCE®WY TOV Aoylopikov R Statistics

IOV XPNOLLOTIOMONKAV KaTA TNV eMeEepyacia

2y mopdypaeo ot Topovstalovtol KATOEG ond TIG CNUAVTIKOTEPEG EVIOAEG Kot

EYYEVEIC GLVOPTNOEIC TOL Aoylokoy makétov R Statistics, ol omoieg avagépovtat
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oTIG povtiveg emelepyaciog TOV TEPAUATIKOV TPOGOUOIDCEMY. XKOTOG TNG
TOPUYPAPOL €ival VoL OELKOAVVEL TOV OVOYVAOOTN OTNV KOTOvONon KAmolwv
JUVOTOTHTO®V TOL TPOCPEPEL TO TPOYPOLUOATIOTIKO TOKETO OTN  OTOTIOTIKN

JlePeLYNON UEYAAOV OYKOV OESOUEVOV.
e source(file)

H evtol avt elvarl vmedBovn yo v avayvmon evog kmotka omd Evo apyeio 1

amo pio cuVOESN, TY:

source(AExXxpRuUunNn. RO)

e winDialogString(message, default)

H gvtoln avt) dnuovpyet mopdBupo d1aidyov to omoio {ntdet amd T0 PN ot Vo

€16AYEL KATOL0 OEOOUEVQ, TTY:

winDialogString("Choose one experiment to check”,
default=".14.dat")

NN

e readt abl e(file, header=F, sep=00)

H evtoAn avtr dwofdlel Eva apyeio o omolo Ppicketor oe popen mivoko Kot To

anobnkevel o TAaiclo dedouévav (data frame), my:

dataCooling < - read.table("dataCooling.txt", sep=",")

To 6popa sep amotelel TO YOPOUKTNPA SOYOPIOTN TESI®V TOVL TPOG AVAYVMOOT

nivaka (default emloyn givor to kevo).

7

e data.frame(namel, name2, ¢&)

H evtoh] avty ypnowyomoteitor ywoo tn Onpwovpyioc Kot v omobnkevon

JedOUEVMV GE LOPON TIVOKA, TTY:

finalData< - data.frame(expData$Time, TC2,TC3,TC4,
TC5,TC6,TC7,T C8,TC9,TC10,TC11)

251



e colnamesk)
H evtol) avtn enttpénel 610 ¥pnot vo OVOUAGEL TIG GTHAES EVOG TTIVOKL , TTY:

colnames(finalData)< -c("Time","TC2","TC3","TC4","TC5","TC6"

S/ TC7","TC8","TC9","TC10","TC11")

e max(x) or min(x)
O1 evIOAEG VTEG EMGTPEPOVY TO PEYIGTO 1] TO EAAYIGTO EVOG GLVOAOL TIUDV, TTY:

min(derData$derTC4)

e subset(x, y)

H cvvaptnon avtr| emrpénet oto ypnot va emiééel éva vmosvuvoro (Y) amd €va

oUVOLO BESOUEVAV (X) COLPMOVO IE KATO1EG GVVONKECS, TTX:

subset(derData, derData[,4] == minderTC4)

e rbind(x,y) or cbind(x,y)

Ot evtoAég avTég emMTPEMOLY GTO YPNOTN VO GLVOLAGEL KAMOW oTOlKElN
dedopévav (OlovicHaTa TYLMOV, TIVOKEG KTA) KOTA GEPA 1] KATO GTNAN avTicTolyd,

Ty
timeData< - rbind(timeTC3,timeTC4,timeTC5,timeTC6 ,

timeTC7, timeTC8, timeTC9, timeTC10, tim eTC11)

e par(mfrow=c(x,y))

H evtoAn avt) ypnoiponoteiton yio vo S1pope®dcel 10 TePPEALOV EKTUTMOONG

€101 OOTE VO, LITOPOHV VO GLVOVACTOVV S0 1| TEPIGGATEPX YPAPTLLOLTOL, TTY:
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par ( mfrow =c(1,2))

H tedevtaio evioln yopilel kabétwg 10 mepiPdArov oyediacion o€ 600 ioa pépn

omov og kdBe éva pmopel va tomoBetn el Eva dtdypapio.

e plot(x, y, main=00, xlab=006, ylab=00,

H evtoAn avtn elvarl vevBuvn oyedacpod evog yYpaenatog TG LOPONG X-Y, Ve
0 YPNOTNG EXEL TN OLVATOTNTA KOOOPICUOD TWV YPAPIKDOV TOPAUETPWOV, TTY:
plot(expData$Time,
TC2,pch=1,lwd=1,cex=0.5,type="n",ylim=c(0,560),

main=namel,xlab="Time (s)", ylab="Cladding Temperature

°C)")

H tehevtaio evtoAn oyedialet éva ypaenuo 6ov o dEovog Tov X Teptlapfavel
uetofint) expData$Time kot €xer to 6vopa “Time (S)" ko o d&ovog tov Y
nephopPaver T petafint) TC2, £xet to 6vopa "Cladding Temperature (°C)" evad
Ta Op1d Tov exteivovror petald twv oy 0 kot 560. O titAog TOV YPOPNUOTOG
TPOKLATEL Omd TO OVOUO 7OV TPOCOHIdETOL otV peTaPfAnt) namel omov

OVTIGTOLYEL 6TO EKAGTOTE MEIPALLA TTOV AVAADETOL.

e lines(x, par=<arguments>) and points(x, par=<arguments>)
Eivor oyedrooticég eviorég Kot mpocBETovv ypapés | onueio oto ypdonua, mwy:

lines(TC4,pch=9,col="sienna",lwd=1,cex=0.5)

e png(file=0ofil enaméedd), width=480, height

plot(<arguments>)
devoff()
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H evtoA avt givon vrevtBovn yio ) dnuovpyio apyeiov ewovog popeng .png
EVD eMTPEMEL 6TO YpNoTn vo emhé€el ko Tig dlaotdoelg Tovg (default emdoyn ko
v 115 0V0 dtactdoelg etvor o 480), my:

png(file="Rewetting hist ory and First Derivative.png",
height=1*480, width=1.5*480)

e
dev.off()
e capture.output (expressions , fil

A&oloyel Ta opiopoto mov Tov avafEToVToL Kol TO OTOTEAECO TO GTEAVEL GE £val
apyelo eEd6oov, my:
capture.output(
for(i in x){u=dataCooling $tcooling[i)/distance

cat(u, sep=" \n")},

file="reverse velocity.txt")

o Im(y~x1+x2+ ...)

XPpNOHOTOIEITOL Y10 OTTAT] ] TTOAAGTIAT YPOUUIKT TTPOGOPUOYT OTTOV 1 LETAPANTT
Yy amotelel T GLVIGTOUEVT] TNG TPOGOPUOYNG €V Ot petafAntéc X1, X2, ...
AmOTEAOVV TIG GUVIGTIMOES, TY:

Im1< - Im(rodLength[2:9]~timeData[2:9])

e summaryobjec)

Emotpépel omoteléopoto kamowwv HOVTEA®V, ONMG OLTOV TNG YPOLLUKNG
TPOCAPUOYNS, EUPOVILOVTOG TIG TOPAUETPOVS TOV HOVIEAOL, TO. GOAALOTA TOVLG

aAAG Ko Toug Ogikteg aglomotiog Tov LovTELoL, Ty:

summary( Im1)
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Mo mopdderypo, n teAevtaio evtodn odnyel otnv eueavion otnv 06ovn tov
EMOUEVOL KEUEVODL:

= 5ummary(1mi}

call:
Im{formula = rodLength[2:9] ~ timeDatal[2:9])

Residuals:
Min 10 Median 30 Max
-29.345 -20.026 -6.817 18.707 4d6.323

coefficients:

Estimate std. Error t value Pri=|t])
(Intercept)  -810.4124 60.5300 -13.39 1.07e-05 #¥*
timepata[2:9] 8.7228 0.3861  22.59 4.93e-07 #¥*

Signif. codes: © f#==' Q0,001 ‘#**' Q.01 **' Q.05 *." 0.1 * " 1

Residual standard error: 29.43 on 6 degrees of freedom
Multiple R-squared: 0.9884, adjusted R-squared: 0.9864
F-statistic: 510.3 on 1 and & DF, p-value: 4.927e-07

Ol 0. TOPOTAVEO OTOTEAOVV KOTOLEG OO TIG E£YYEVELG GUVOPTNGES — EVTIOAES TOL
Aoywopikov mokétov R Statistics omov ypnopomomdnkay yio v enelepyocio Twv
TEWPAPATIKOV  dedopéEvev NG moapovong A.A.. QotdGo 1 mEPLYpaPn TOV
TPOOVOPEPHEIGMOV EVTOADMY KOl TOPAUETPOV EIVAL TEPIANTTIKY KOl GTNV TEPITTMON
OV 0 AvayvAOoTNG BELEL Vo Label mePLoGOTEPA Y1 TIC duVATOTNTEG KABE EVIOANG Kot

TOPOUETPOV UTOPEL VO EKTEAEGEL TNV TOPAKAT®O EVTOAN
help (topic )

n omnoio Oa gupavicer oto mepPaiiov Tov R Statistics mepiocdtepeg mAnpopopieg

OYETIKA LLE TO TPOG SLEPEVVNOT| OVTIKEIEVO.
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6 ANAAYXIH AOMHX TOY KQAIKA RELAP5/MO0D3.3 I'lA THN
IMPOXOMOIQXH ENOX IIEIPAMATOX EIIANAWYZHX EK TQN
KATQ

2V Topdypoeo ot YiveTol avaAvuon TV 0E00UEVMV OV E161XONCAY GTOV KOdIKA
RELAP5/MOD3.3 mov ypnoiomombnke yio. TV TPOCOUOIMOoT TOV TEPAUATOV
EMOVAYVENC. ZVYKEKPIUEVO, YIVETOL TEPIANTTIKY TEPLYPOUPN TUNUATOV TOL KOOKO

MOTE VO, YIVOUV QVTIANTITEG GTOV AVOYVMGTT Ol SUVATOTNTEG TOL.

Apykd, eltvar amopoaitnTto vo TPOGdopIGTOLY O TUTOG TOV TPOPANLATOG Kot O ¥POVOC

ekTéAEONC TOV TPOYpAppatos. Ta mapamdve opilovtal 6Tov KOdKa ™G ENG:

* type state
100 new transnt
* CPU1 CPU2

105 10.0 40.0  1200.0

Ymv kdépto 100 opiotnke 10 7POPANUO ®F VEO evd ol ocvvOnkeg otabepng
KOTAGTAONG OV EMOVUOVUE EMTLYYAVOVTOL LOVO LE EAEYYO TWV OPLOKDOV GUVONK®OV
KOl EKTELEGT TOV TTPOYPALOTOG o€ petaPatikn Aettovpyia (transient mode). H képra
105 etvor amapaitmtn yio Aeyy0 TOL TEPUOTIGUOV TOL TPOYPAUUOTOS O OTOI0G
TpaypoTonoleitar 6tav o xpovog exktédeons, petpnuévog oe CPU time, vmepPei 1o

YPOVIKO OPLO TOL VITOAOYIGTH.

21 ovvéyela TPENEL Vo 0ptoToHV 1 SIEPKELD TNG TPOGOUOIMONG Kol 1| GLYVOTNTO TV
vroAoywopuav. H didpketo mposopoimong opiletar o¢ 1 HEYIOTN YPOVIKY] OLpKELN
gktédeong tov mpoypdupatog (t_end) evd n cvyvotnta vroroyiwoudv (plfreq) apopd
™ GLYVOTNTO KOTOYPAPNG TOV OTOTEAECUAT®V 0T0 apyeio eE6dov, petpnuévn oe S.

2NV GUYKEKPIUEVT TEPITTOON, 1) Kataypan yiveror kdbe 1s kabag woydel n oxéon”

6mov maxt eivat 1o péY16To VITOAOYIGTIKO Prpa (S).

Ta napondve ansucovifovior wg £NG GTOV KMOTKOL:
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* t end mint maxt copt plfreq majfreq rstfreq

201 200.0 1.e-10 0.01 00103 100 5000 5000

‘Emerta, avédioya pe to {ntovpevo tov tpoPfAnuatog kabopilovral moleg TopaUeTpoL
0o vroloyilovion kKot Bo Tvmdvovtal oto apyeio €£660V EMITALOV QLTOV TOL Eivan
NnoN o Alota dedopévav. Adym g WOTTOC TS EPUPUOYNG ETAVAYVENS, GTNV

TPOKEEVT TEPIMTOOT 0pilovTaL VO TUTMOVOVTAL KOl Ol TOPAUETPOL:

HTMODE: Boundary Heat Transfer Mode Number
O apBudg Aettovpyiog (Mmode number) vrodelkviEL MO TEPLOYY] UETOPOPAG

Bepuomtog etvan og 16y0.

HTTEMP:  Mesh Point Temperature

Ogeppokpacio onueiov TALypoToC.

TCHFQF:  Temperature at the Critical (maximum) Heat Flux
Oeppoxpacio 6TV kpicun pon BeproTnToc.

TREWET: Quench Temperature

Oepproxpacio exavayvéng.

ZQBOT: Elevation of Bottom Quench Front

AVOy®o™ TOL LETOTOV EMAVAYVENG.

M gmmAéov duvatdTNTO TOL KOJKA TPOocopoimong eivor avty mov divetal otov
TPOYPUULUATIOT] (oTe vao. Kabopioel T ypovikn otiyun €vapéng g dwdikociog
TPOGOUOIoNG HECH TV KAPT®V okavoolMouod. Katd tv mpocopoioon tomv
nepapdtov g mopovsag AA yuo Toug AdYovg OToLv avaeEPHNKAV aVOALTIKG GTNV
napdypaeo §6.5.1 opiletar Kot S1POPETIKT XPOVIKN GTIYUN| EVapENG TG EMAVAWLENG
avéroya pe v wopoyn Halog Tov Yuktikov. O Tpocdlopiods TG YPOVIKNG CTIYUNG
évapéng yiveton o S0O0YIKAOV SOKIHAV, EEKIVOVTAS Ao TN ypovikn otypn 0, kot
GUYKPLON TOV TEAK®V ATOTEAECUATMOV TOV KOOIKO LE TO TEWPUUATIKA OTOTEAEGLLOTAL.
v mpokeévn mepintmon Bewpeitar 0Tt 1 emoavayvén Eekvder amevbeiag

ypovikn otryun 0.0 s.

* vrbl  prmtr ritnshp vrbl  prmtr add.cnst latch timeofquantity
500 time O gt null 0 0.0 I -1.0
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E@dcov oroxinpwbel 6An n mopardve dadikacio 1 omoia ivol arapaitntn yio v
évapén g mpocoopoiwong, Eekvdel M €l00YOYN TOV GTOWEIMV TOL HOVTEAOV
(Vpoduvaptkd kot Bepuikd) KabOS Kot ot apykég cuvinkeg Tpocopoiwone. Emeidn
o€ kGBe ekTeEAOVUEVO TIEIpALLO Ol OPYIKES GLVONKEG OV glvol amdAVTO GTOOEPEG OALA
petaBdAlovtol yOpw amd Lol OVOUOCTIKN TN, vl amapaitnto 0 TPOYPUUUATIOTHG
va €xel otn 014001 Tov OAN TOL OPYIKA TEWPAUATIKE O£d0UEVA TOV TPOG TPOGOUOIMOT
TEWPAPATOG BOTE VO yivel M emakpPng kaTaypaen Tovg otov Kadika. Oco o
aKpPng ivol n E1G0YOYN TOV APYIKOV GLVONK®OV GTOV KOOIKA, TOGO Mo aKplPEcTEPT
elval m dvvatotnta TPOPAEYNC NG TOPEiNG TOV TMEPAUATOS EMAVAWYLENG OO TOV
KOO, Q6TOG0, ENEON Ol TEPAPATIKES LETPNOELS EIVOL EKATOVTAOEG, EMALEYETAL VAL
KOTOYPOQOUV UETPNCEL TOV OPYIKOV CLVONKOV ovAa Tuyoio TOKTA YPOVIKA
dwotnuota to omoia o KaAvmTovy OA0 ToV TTEWPAPATIKO ¥pdvo. o mapdderypa, 6To
neipapa oto omoio avtietoryovv ot endueveg képteg 1000201-1000225, emiéydnke
Vo Kataypagovy ava mepimov 5S, ot apykég Tég mieong (Pa) ot Beppoxpaciog

€16600v Yyoktikov (K), 6mmg axpifdg Kot KataypaenKoy TEPOUATIKA.

* test specific pressure and temperature
* time pressure temperature
1000201 0.0 1.5 341.7184
1000202 5.00 1.5  341.8973
1000224 125,72 1e5  349.8636

1000225 13165 1le5  350.0414

2t ovvéyelon mopotifetor 0 KMOKOS mOL 0eopd kABe oTOLKEID TOL HOVTEAOL
Eexyoprotd (Zymuo 4 AA) ko yiveton ene&iynon TV TapopETPOV TOL OPIGTNKOY GE
ké0e mepintwon. To meipapa 10 omoio mpocsopotdleton kol TapovstdleTon givol To
28051213.14 (apyikég cuvONKes: OTHOGOAIPIKO TEIPOUO GE KOPECUO KOl TOPOYN
nadag yoktucov 0.050 kg/s)
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'OyKoc £16660V

Inlet Volume: 100

* name type

1000000 htank  tmdpvol

* area length vol
1000101 0.001762  0.3302 0.0
* azim incl  elev
1000102 0.0 900 0.3302

* roughn Dw flag
1000103 0.0000457 0.03413 0
* flag trip

1000200 003 500

* test specific pressure and temperature
* time pressure temperature
1000201 0.0 1.e5 351.10544
1000202 8.30 1.e5 353.51509

1000224 136.82 1e5  368.03101

Ot onNUOVTIKOTEPEG TPOYPAUUOTIOTIKEG TapdpeTpol mov a&ilovv avaeopd Kot
a@opovv Tov dyko gwddov (Inlet Volume) eivar: n mopdpetpog mov mpocdiopilel tov
TOTO TOV VOPOSVVAUIKOD GTOLYEIOL OOV OpioTnke o€ Ypovikd eEaptdpevo (tmdpvol),
N TOPAUETPOC OV OPOPA TNV TPAYVTNTA TOL VAKOV (S.S.) amd 10 omoio &ival
Kataokevacpuévn 1 vepBeppovisioa papdog (opiotnke cvpPatid ion pe 0.0000457
m [14]) ko1 n Ppeyouevn mepipeTpog 1 onoio vwoAoyiotnke ion pe 0.03413 m. Téhog
ot képteg 1000201-1000221 avapépovionr ot cuvOnkeg mieong kot Oeppoxpociog
ToV OYKOL €16600v. [ v mpocsopoiwon TtV wepapdtwv Bewpricape otabepm

nieon 1 bar evd emAé€ope va kKataypdyovpe erakplPag v Oeppokpacio £.l6660V TV
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YUKTIKOD OTt®™G ovTh LETPNONKE KaTd TV TEpapatikn dswdwkosio. H eocaywyn g
mieong ko g Oeppokpaciog oTic KAPTEG TOV OYKOV €160J0VL Elval QIKT UOVOV

epocov optotel | mapapetpog 003 oty kapta 1000200.

2 VVOEONOC £16000V

Inlet Junction: 110

* name type

1100000 inlet  tmdpjun

* from to area
1100101 100000000 200000000 0.001762
* flag  trip

1100200 1 500

* test specific mass flows

* time Imasfl  vmasf intvel
1100201 0.0 0012455 00 0.0
1100202 830 0.04863 0.0 0.0

1100224 136.82 0.05034 0.0 0.0

[Mapopowa pe Tov 6yKo eAEYXOV LE TOV OO10 GUVOEETAL, £TGL KOl O GOVOEGLOG IGO0V
(Inlet Junction) eivar ypovikd e&aptdpevo otolyeio o 0omoio cLVIEEL TOV OYKO
gwsooov (100000000) pe 1o wavai dokymv (200000000). H mapoyn péleg tov

YuKTIKoD €10600v opileton otig kKapteg 1100201-1100224 oe kabopiopéveg ypovikég

OTLYMEG.
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Tuquo d0KAV

Test Section: 200

*

2000000

*

2000001

*

2000101

*

2000201

*

2000301

*

2000401

*

2000601

*

2000701

*

2000801

*

2001001

*

2001101

*

2001201

name type

testsec pipe

numbvolumes

20

area volnumber

0.001762 20

junarea volnumber

0.001762 19

length volnumber

0.0508 20

volume volnumber

0.0 20

verangle volnumber

90.0 20

elevation volnumber
0.0508 20

roughness Dw volnumber
0.0000457  0.03413 20
flag volnumber

0 20

flag volnumber

100000 19

flag  pressure temp 0 0 0
3 1.e5 827.67000 00 0.0 0.

volnumber

1
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20012203  1.e5 75420432 00 00 00 20

* flag

2001300 1

* ligmflow vapmflow interface junnumber
2001301 0.0 0.0 0.0 19

* Dw b c slope junnumber

2001401 0.03413 0.0 1.0 1.0 19

Ocov apopd 10 KavAil SOKIUMV CNUOVTIKY TUPAUETPOS €ival 0 TPOGIOPIGUAS TOV
TOTOL TOL MG Pipe Kkat 1 TUNUaToToinot Tov og 20 dykovg eAEYYov (KOUPBOVG) UNKOLG
0.0508 m petald tv omoiwv vrmapyovv 19 ovvdeocpor. Akoun, opilovtag v
napapetpo 3 otig kbpteg 2001201-2001220 emutpénetor n €lGoy®Y TS OPYKNG

Bepuoxpaociog kdbe OyKov eAEyyov Omm¢ petprdnke omd ta aviictoryo Beppooctoryeio

™mg péfoov.

2vvosonoc ££6060v

Outlet Junction: 120

* name type
1200000 outlet  sngljun
* from to area

1200101 200010000 130000000  0.001762

* forwloss revloss jefvcahs

1200102 0.0 0.1878 101000

* cntrlword intligflow intvapflow interface
1200201 1 0.0 0.0 0.0

O tHmoc Tov cvvdiouov e€6dov (Outlet Junction) eivar un ypovikd eEaptduEVOS Kat
étol opiletar g sngljun. Eivar onpoviikd vo dnAwbodv ot dykot eréyyov Tovg

omoiovg ovvdéel (200010000 xor 130000000). Xtnv wdpta 1200102 pioe moAd
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ONUOVTIKT] TOPAUETPO OATOTEAEL O OCUVIEAECSTNG OMMAENG EVEPYEWNG KOTE TNV
eunpoctia por; Aoym tpPng, Kiess=0.1878, o omoiog vmoloyiletar péoa amd TIC

EMOUEVEG GYECELG:

—_ Eicowon 6-1

— Eiocwon 6-2

- Eiocwon 6-3

6mov T givar o ovvtereotg Tp1Png O6mov vroroyileton amd v e&icwon Hagen —
Poiseuille (oxéonE&icmon 6-2) yia apBpovg Reynolds 0 ko 2100. To urkog (Length)
TOV GLVOEGHOL Bempeital 160 [LE TO UNKOG TOL YLYPOL TUNHaTOS TG pafdov (0.3302

m).

Téhog, otv kdépta 1200201 dnAdvovtal ot TWES TNG TOPOYNG TOL YUKTIKOD GTOV
ovvdeopo €£6060v. Ot Tég etvan undevikec kobmg Bewpeiton mog petd To TEPAS TOV

TEPALATOG OEV EVOLUPEPEL TOV YPNOTY| 1] COUTEPLUPOPE TOV PELGTOV.

‘Oykoc €600V

Outlet Volume: 130

* name type

1300000 contank  snglvol

* area lengh  vol
1300101 0.001762 1.0 0.0

* azim incl elevat

1300102 00 00 00

* roughn Dw tlpvbfe
1300103 0.0000457 0.0 0000010
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*

1300200

flag pressuretemperature

003 1.5 373.0

O dykog €£6dov (Outlet Volume) dev eivar ypovikd e&oaptdpevog Kot opiletor ¢

snglvol. Mia axoun mapdapetpog mov {nteitar omd tov Kddka givor 1 Oepuokpacio

TOV PEVOTOV GTOV OYKOo 6000V 1 omoia Bewpeitan ion pe ™ Beppokpacio KOPEGLOV

TOV vEPOL VO aTOGPaPIKES cuvOnKes (373 K).

YrepOsppovOsica pafooc

Heated Rod: 1200

*

12001000

*

12001100
*

12001101
12001102
*

12001201
12001202
12001203
*

12001301
12001302
12001302

*

12001400

*

nh mesh geom flag left reflood boundary
20 6 2 0 00 2 1

location_flag format_flag

0 1

intervals right_coordinate
3 0.0049375

2 0.0079375
composition_number interval
1 2
2 3
1 5
factor mesh
0.0 2
1.0 3
0.0 5

flag
-1

initial temperatures data for every mesh point

axialinterv

8
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12001401
12001402

12001420

*

*

12001501
12001502
12001503
*

12001601
12001602
12001603

*

*

12001701
12001702

12001720
12001900

*

12001901

12001902

827.67 827.67 827.67 827.67 827.67 827.67
827.67 827.67 827.67 827.67 827.67 827.67

754.20432 754.20432 754.20432 754.20432 754.20432 754.20432

left boundary conditions

bound_vol  incr type area code factor number
0 0 0 1 0.0254 1

0 0 0 1 0.0508 19
0 0 0 1 0.0254 20
right boundary conditions

200010000 0 1 1 0.0254 1
200020000 10000 1 1 0.0508 19
200100000 O 1 1 0.0254 20
test specific power fraction

type  multiplier left_mode right_ mode  number
0 0.0 0.0 0.0 1

0 0.0 0.0 0.0 2

0 0.0 0.0 0.0 20

0

heat D Ing_forw Ing_rev grid_forw
grid_loss_f  grid_loss_r  boil_fact number
0.14162 0.0508 0.9652 0.0 0.0
101

0.14162 0.1016 0.9144 0.0 0.0

1.0 2

grid_rev
0.0 00
0.0 00
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12001920 0.14162 0.9906 0.1270 00 00 00 00
1.0 20

Fhhhhhkhkkkhkhkhkhirhikhkhkhhdhhirrhhikhhhhihirrihiihdhdhiix

* Heat structure thermal properties *

*hhkkkhkhkhkkhkhkhkkhkhkhkkhkhkhkkhkhhkkhhhkkhhhkkhhhkkhhihkkhhhkhkihkhihkiiikik

* material type
20100100  s-steel
20100200  uo2

H mpocopoimon g Beppavopevng papdov ivar amd ta Mo 0VGLOGTIKG KOUUATLOL
Tov  k®owKa. Ot mapdpetpor ommv  kdpta 12001000 agopodv ta  yevikd
YOPOKTNPLOTIKA TOV HOVTEAOL TNG péfdov (mapdypapog §6.4.2) dmmwg eivar o aptOuoc
TV KOpPov (20), ta TAéypota (Mesh points) ota onoia ympiletor n papdog opilovtia
(6), 1 yeopetpio g papoov n omoia opileton ¢ kKvAvopkn (Tpitn AEEN, T 2)
KaOADG KoL 1 TOPAPETPOS TOV KO TOL 0pilel OTL pereTdTon TPOPAN U ETAVAYLENGS
(éxtn AEEN, Ty 2). Ocov agopd tov apfud tov TAeyudtov, tpoteivetal and tovg
Fletcher kou Schultz o apiBudg 6 wg onpeio exkivong g avéAvong piag veépBepung
pafdov evd o apBpog 12 mpoteivetor mg 0 avdTepog aptbpog mieypdtov [14]). Ot
apBpol  avtol mpoteivovior ¢ 1M PéAtion  Adon  petald  eotkovoumong
VTOAOYIGTIKOD YPOVOL KOl TPOCOUOIMOoNG TV Qowvouévev emaviyvéng. o v
napovoa AA ypnoporombnkayv 6 mAéypato oe KOs mpocopoimon mov peAetnOnke
pe okomd oto PEAAOV Vo Yivel EAeYYXOC Kol GUYKPIOT] TOV OMOTEAECUATOV UETA TN

YPNON TEPIGGOTEPWOV TAEYUATWOV.

Y1ic xkapteg 12001101 ko 12001102 opilovtan og mola amdcTOcT 0nd TO KEVIPO TNG
papoov kot mpog ta 0e&ld (cupPoatikd OAo To PaVOUEVO LEAETMVTOL GTO Oe&Ld TG
papdov [14]) Bpiockovtol To ywpicpoto Tmv 6 mesh points mov opilovrat. TTig KapTES
12001201-12001203 mporteivetor to Toiymuo g papoov vo ywpiotel oe 3 mesh
points, oe 1 mesh point va opiotel n weployn g paPdov mov TEPIEYEL T GKOVN
poyvnoiov kot o€ 2 mesh points to vdAoUTo KOUUATL TNG PAPSOV PEYPL TO KEVTPO TNG

(ZxMua T190). Avagépetarl Tmg ot Bepuikég 1O10TNTEG TS OKOVNG TOV Hayvnoiov givat
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Tapouoteg e Tig Oepuikég 1810tTeg Tov dro&ediov Tov ovpaviov [15] ko étotl katd.
TNV TPOGOUOI®ON YXPNOUOTOoVVTOL Ol Koataympnuéve oto RELAP5/MOD3.3

BBAodnkeg 10T TV TOL 510EE1510V TOL OLPaviov (kdpTta 20100200).

Feated Clad
/ ///, Magnesium
~ | Oxide

yuoa 190 Awayopiopdc mAéypatog otn 0e€ld katehBovvon g papdov

H apyixn Oepuokpaocia, oe pabuovg K, kabe mesh point kabe koupov opileton otic
képteg 12001401-12001420. Emndéov, otig kapteg 12001701-12001720 opileton 6Tt
Katd v emavayvén n Bepuovopevn papoog dev mapdyst woyd (devTepn AEEN, TIUN
0.0). Axoun, onUAVTIKY] TOPAUETPOS TOV KOJKA OTMOTEAEL 1) TN TNG Beppotvopevng
dwapétpov (Heated Diameter) n omoio vroAoyileton ion pe 0.14162 m cOupmvo pe

oyéon:

Eiocwon 6-4

6.1 AvaAvot) amoTEAEGUATWV UE TN Xp1)on Tov AptPlot

Metd v ektéleon tov mpoypaupatoc RELAPS/MOD3.3 mpokidmtovy tpia apyeio:
10 data.out 6to omoio eivor amodnKeLHEVOL OAOL 01 VTOAOYIGHOT TOV KOSIKO LETH ATO
KGbe emavaAnym tov, 10 apyeio data.rst oto omoio eivon amobnikevpéva OAd TaL

AOTEAEGLLOTO, TOV KOOIKO GE GUUTIEGUEVT] LopPn kot To data.plt. Aroteléopata Tov
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KOO Oewpodvtar ot TIHEG TV CNTOVUEVOV TOPAUETPOV HETA 0md KAOE EmOvAAnY

TOV KOOKO, OGS TIG £YEL KABOPIGEL O EPEVLVNTIC.

Amo 1o tplan mpoovapepbEévta apyeia, laitepn onuocios yuoo TN GLVEXEW NG
avaivong, €xel 1o opyeio popeng .plt to omoio umopei vo avayvootel and Tto
npoypappo AptPlot kot péso amd avtd pmopel vo yivel 1 YPOQIK omeEKOVIoT T®V
TOPAUETP®V OAAG Kol Vo, aroOnKeLTOOV To OmoTEAEGHATA GE apYElo popeng .IXt yia
Vv peténerta avdivon tovg pe 1 Pondelo GAAOV VTOAOYIGTIKOV TPOYPUUUATOV.
[Mopakdto avaeépoviatl To PHOTO TOL TPETEL VO, AKOAOVONGEL O EPEVVNTNG Yo TNV

AVAADOT] TOV OTOTEAECUATOV TOV KOAIKA, LE TNV YPNoT ToL Tpoypdaupotog AptPlot:

1. Metd v évapén tov TPoyPAULATOS, O YPNOTNG 0o EMALEEL OO TO HEVOV
mv avdyvoon apysiov RELAPS (Zynuo I16-91), xodeiton vo emdééel to
6vopa tov apyelov mepduotog to omoio Oéher va emefepyaotel (Zymua

116-92).

- ~—— = e —
| £2| AptPlot - Untitied O | T )

Elle| Edit Data Plot View Window Tools Help

tew eolele|m| [2]app]n] [¢[v]+]2] [=]g]a]Z] s2 o

Open..

Save o
Save as... Crl+Shift-5
Reyert to saved

Read

Write

Recent Files

RELAPS data...
MELCOR data...
TRACE data...
Print Setup... FRAPCON data..
Print crie FRAPTRAN data...
Print tofile COBRA.TF data...

PARCS data.
CONTAIN data...
Databank data...
EXTDATA data...
GOTHIC data...
Variables.

Exit

(I

Pymua I16-91 Avayvoon dedopévov RELAPS pe m Bonbeia tov mpoypappatog
AptPlot
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2] AptPlot - Unitied |

|l gie Edit Data Plot View window Tools Help

G0: X, Y - [0.250327, 1.16527]

[&[a] 7ala [e[e]e]w] [2]a]p[[e] [<[via[>] [g]5]alS] 52 we

(&) Open

==

Look In: ‘ﬁ 30101101 RELAP

- oo
ik

[ phd.pit
[ pha.rst

[ test_upd1.pit

[ test_upat.rst

Select the file index
® Next Available
O Custom E|

Select the file type
® Restart

O Strip (S

© Strip (British)
© Demux

05
File Name:  ftest_updt.plt
Files of Type: [RSTPLT files (*pit, ., st rsplt, rstplt)
ol 1
0 Q5

AT T

Yynuo I16-92 Emdoyn apyeiov .plt mpog aviyvwon

2. Zm ovvéyewn, speovifetor n Moto TOV TOPOUETP®V TOV TPOYPEUUATOS

(ExMua I16-93) ko divetar  dvvatdtra oTov £peLVNT Vo emAEEEL oV OEAEL

VoL TIG OTEIKOVIGEL O10ypapLaTIKA 1] VoL eEQYEL TIG TIES TOVG OE apyElo LOPENG

txt yuo mepotépw eneEepyacio pe ) Pondea GAAwV Tpoypappdtov (6mwg R

statistics, Matlab «At).

[\é} AptPlot - Untitled (modified)

= =

|{Eile_Edit Data_Plot View Window Tools Help

|.£| AptPlot - Untitied (modified)

e e | %

| File Edit Data Piot View Window Tools Help

DR RER BERE BERRR EnD FER R

GO: X, Y = [66.2222, 198.039]

| %) Select RELAP Channels

==

900 T

File [10]test_updt.pit (C

30101101 RELAPtest_upd1.pit)

-]

1144 RELAPS data channels

Channels

Mesh Point Temperature (K)

T » himr [40]

D

¥ httemp [50]

hitemp-200100101

hitemp-200100106

hitemp-200100106

httemp-200100201

hitemp-200100206

hitemp-200100206

httemp-200100301

hitemp-200100306

hitemp-200100306

hitemp-200100401

Fiter |

Group channels by type  Data sets

Hone

Graph

Units

et [secmen |
| Autoscale | XY v

300 : L
0

e [
{+) GO.S1[2][392]

t+) 60.52[21(352]

Time (5) Clearsets
e
\

G coe

Yynua I16-93 Aiota mapapétpewv oo RELAPS/MOD3.3 kot emAoy£g Tpoypaupuatos

Y10 OOy POUUOTIKY OTEIKOVION 1) EE0Y®OYT TV 0E00UEVAOV
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6.2 'EAcyXOL TAPAUETPWV TIPOCOLOIWONG

Avo givar ot Poacikol €leyyol mov yivoviow HETO TO TEPOAG TNG EKTEAEONG €VOC

npoypaupatog tpocopoinong RELAP5/MODS3.3:
a) 'Eleyyog tov apyik®Vv Kol 0plok®V cuVONK®OV TOV TPOPANLOTOG

Katd ) ovvtaén tov mpoypaupatog RELAPS/MODS3.3, pénet va divetat 1diaitepn
TPOCOYN OTNV GMOOTN KOTAYPAPT TOV APYIKOV cuvONKdV Tov TpofAnuatog. ['a v
KOADTEPY] EMOMTEID. TOV OPYIKOV TIUOV OAAAL Kol Yoo TN OlELKOALVOT TOL
TPOYPOUUATIOTH, TPOTEIVETAL VO YIVETOL KOl OTTIKOG EAEYYOC UECH OOy POUUAT®V
OAOV TV OPYIKOV CLVINK®OV OTMG KoTaypaenKav 6To apyeio e£6d0v petd to TEAOG
NG EKTEAEGNG TOV TPOYPAUUATOS. ZVYKEKPYLEVA, GTNV TEPITTMOOT TNG TPOGOUOI®MONG
eVOC MEWPAUOTOC EMAVAYVENG €K TOV KAT® KoToypdoovtol Katd T cuvtaln Tov
TPOYPAULATOS M Tapoyn Hdlog Kot 1 Beppokpacio £16OS0V TOL YLKTIKOD OvO TOKTE
YPOVIKG dlactipate ¢ TaEemg Tov 6-8 Sec ta omoion KoAOTTOLV OAN TNV
nepopotiky dtdwoasio. Xta Xynuata [136 kot 1137 anewcoviCovror ot THES oVTOV
TOV TOPAUETPOV EVAVTL TOL YPOVOL KOl AVTUTOPAPAALOVTOL LLE TIC TPOYLATIKES Y10 TO

neipopo 28051213.14.

|
(0]
o
(8]
o
Py
[anl Ty B
el
o
CO .
* Eyperimental Data
* RELAPS Data

| | | | |
0 20 40 60 80

Zyuoa 194 Abrypopipior TEPAUOTIKOV TILOV KOl TYLOV TPOCOUOIMONS TNG
Oeprokpaciog 16030V TOV YLKTIKOV EVOVTL TOV YPOVOL TTOV APOPOVV TO TEIPALLOL
28051213.14
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/
Y

G (kals)
0.04 Q05 005 007

8
= o'.. .:‘
LI
g N
o %' * Experimental Data

¢ RELAPS Data
| | | | | | |

10 20 30 40 50 60 70 80

0.01

Zymuoe T195 Adypoptpio TEPOUATIKOV TILOV KOl TILOV TPOGOUOIMONS TNG TUPOYNS
€16000V TOV YVKTIKOV £VOVTL TOV ¥POVOL oV apopovv To meipapa 28051213.14

Amd to TOpATAVED ZYMUOTA SITIGTAOVETOL KOl OTTIKE TTMG 1] KATAYPOUPN TOV OPYIKOV
ocuvOnkav tov mepdpatog 28051213.14 elvar moAd KOvId oGTNV TPAYUOTIKY KOl O
TPOYPOUUUOATIOTG WITOPEL VO TPOYWPNOCEL OTN GLVEYEWM NG OVAALONG TOV
amoteAecHAT®V. Ot Sopopég OPEIAOVTOL GTIG YPOVIKES GTIYUEG TTOL EMAEYTNKOV KO

ot omoieg KaBopilovv 10 TANB0G TV aPYIK®OY GLVONKAOV TOL KATOYPAPNKALVY.
b) "EAeyyog yio TOV EVIOTIGUO 1N OTOSEKTMV 1] U1 QUGLOAOYIKMV OTOTELEGUATMV

Kotd 10 1€h0¢ TG eKTEAEON G TOV TPOYPALLUATOS TPOGOUOIMGCNG Kot TPOTOV EEKIVIGEL
1N OVOAVOY| TOV OTOTEAEGUATOV Kol 1) OLGVYKPIGT) TOVG LE TO TEPALATIKA, TPOEYEL O
ELEYYOG TOV KATOYEYPOUUEVOV TOPAUETPOV TOL apyeiov €000V Yo TOV EVIOTIGUO
U1 OTOOEKTMV KOl U1 PEOAICTIKMV OMOTEAEGUATOV. Mo TETO10 TOPAUETPOG EAEYXOV
amotelel M vroloyilopevn amd to TPOYypappe Kpiown Beppikn pon TV OYK®V
eréyyov tov Tpnpotog Aoxymv. H amdkAiion tov vmoloylloUevemy TILOV amd oaUTEG
mov mpoteivovtal and 1N PiPMoypagio amoteAel TO YvOUOVE AmOPPIYNG N U1 TNG
npocopoinone. Xto Zynua 196 amewoviletor n kpioyun Oeppikny pon evog dykov

eréyyov o omoiog Ppioketal kovtd oto péco g papoov (koépupog 10 oe amdotaon
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0508 m oamd6 v ¢€icodo TOL KAvOAOD doKM®V) v oto Zynuo 197
avTuopafBailetor 1 Oeppokpacioky 1otopio avTod TOL KOUPOL Yoo GVYKPLOM.
Yuykpivovtog Tig TIES TG vmoAoylopevng kpiowung Bepuiknig pong pe TEG NG
Oepuikng pong Ommwg owtég avaeépovior otn oebvy Piploypagia [16, 17],
OCLUTEPAIVETOL OTL 1] TPOGOUOIMGT TP YOYE PEAACTIKE OMOTEAEGLOTO KOl £TCL O

TPOYPAUUATIOTNG Elvol TAEOV Gg BEom va EEKIVICEL TNV AVIAVGT] TOVG.

=1 * CHF for node 10
//\‘;‘
O
I S »
_ »
= / .
$ ©
5= ‘e
T ™
o N *
% .
8 s
z 9
O 8
T3]
»
O | ANttt -
[ [ [ [ [
0 20 40 60 80

t(s)

Zympa 1196 Kpioun Beppikt| por) tov kdpPfov 10 Tov Kovadio SoKIU®V 0Tmg
vroloyiotnke amd tov Kadwo RELAPS kot apopd to neipapa 28051213.14
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* Temperature history of node 10
o
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o
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O
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o
C:] —]
o4
o
C:] —]
=

Zyua I197 Ogppoxpaciaxn wotopio Tov kKOpPov 10 6nmg vroroyictnke and Tov
kodwa RELAPS kot apopd to meipapa 28051213.14
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