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H TTapouoa gpyacia ekroviiBnke oto EpyacTipio YOpoUnNXavikAg Kal
MepiBaAAovTIKAG TeXVIKAG Tou TuApaTtog MoAImikwy Mnxavikwy Tou
MavemmoTtnuiou @socoaliag Tnv TTePiodo louviou 2007 — MapTiou 2008. Oa
NnBeAa va euxapiotriow Tov emmRAEéTTOVTA K. MavayiwTn MNMatravikoAdou,
€TTikoupo KaBnynTA M.©. yia TRV UTTOLOVA TOU Kal TV GpIoTn KaBodrynon.
Emiong Tov K. Avtwvn Alakd1TouAo, kaBnynth NM.0O. kai Tov K. @e6dwpo
Kapakaaoidn, Aéktopa 1.0. yia TIG EUOTOXEG TTAPATNPROEIS TOUG.

EuxapioTieg atmreuBuvovTal emmiong atov K. HAia MNatrmd yia 1n BoriBeia otnv
KATOOKEUN TNG TTEIPAUATIKAG OIATAENG KABWG Kal aTov K. AnunTen
KapaptrepdTTouAo yia TNV TEXVIKI UTTOOTHPIEN TOU NAEKTPOVIKOU £COTTAICHOU.
TENOG €va HEYANO EUXAPIOTW OTOUG POITNTEG TTOU DOUAEWAE pHadi OTO
epyaotrpio (Mwpyog, Aéva, Taoog) kabwg kal ae 6Aoug 6ooug BoriBncav oTo
va TTpaypaToTroindei n epyacia autr). Mépog TNG epyaciag atroTéAeoe
QVTIKEIMEVO £PEUVAG OTA TTAQICIO TOU EPEUVNTIKOU TTPOYPAMATOG
«[MTYOAIOPAX — E.IN.E.A.E.K. II» TO o1T0i0 XpNUaTOdOTABNKE £TTi HEPOUG aTTO
TNV EupwTraikr ‘Evwon kai 1o YI.E.[1.0.
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2YMBOAIZMOI

AaTtivikd ocUpoAa

B Avwon

bc MAGTOG TNG PAEBaG oTo onpeio étrou ¢ = 0.37¢,
by MAGTOC TNG PAEBAC oTo anpeio étrou w = 0.37w,
C ApXIKA ouykéEvTpwon GAERaAG

c(r,z) Karavoun katd Gauss PEoNG CUYKEVTPWONG

D AIGUETPOG OIATOUNG AKPOPUOTioU

Fr ApIBu6S Froude

f 2uxvoTnTa

g Emrdyuvon tng BaputnTag

g AVWOTIKA €MITAXUVON

lo KAipoka pAKoug

Im KAipoka pAkoug

M EidIkA opun @AERag

m(z) EIdIKA opur peucTou

Q APXIKA OYKOUETPIKA TTapoxn GAEBaAG

Ro ApxikdG aplBuog Richardson

Re  ApiBuécg Reynolds

Sc Apaiwon otov déova NG PAERaAg

S'c  TupPn otov dova TnG YAERAG

Smin  EAGx10TN apaiwon otov dfova tng QAEROAG

T Alagopd Bepuokpaaiag

Te Ala@opd Beppokpaaciag oTov agova TG PAEBag
Tmean MECOG OPOG HETPOUUEVWV BEPUOKPATIWV

Tmax  MéyioTn peTpoupevn Beppokpacia

Tmin  EAGXIOTN peTPOUEVN BEpOKPOTIia

T ‘Evraon TUpBng

¢ Evraon 1UpPng otov agova Tng QAERAg

To O¢epuokpaacia PAERag

Ta Oepuokpacia atTodEKTN

T, 2nUelokn pETpnon thermistor

w Méon TaxutnTa 600U QAEBAG

w(r,z) Katavopn katd Gauss péong taxutnTag

z Katakdpu®n amméoTacn atmd akpopuaio

Zmax MéyioTo BaBog PAEBag

Zs BdaBog otaBepoTtroinong eAEBag

Zsyr  KaTtakdpuon atréoTtacn atro eAeUBepn TIQAVEIQ
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EAANvVIKd cuuBoAa

B(z) EIdIKA Gvwon peuoTou

Ap Méon dlagopd TTUKVOTNTAG

ATy  Alogopd Bepuokpaciag GAERAS - ATTOOEKTN
AT. Alogopd Beppokpaciag aTtov dEova TnNg GAERaAg
H(z) OYKOUETPIKA TTapOoXH PEUCTOU

Vv Kivnuatikd 1§wdeg

Pa MukvoTNTO ATTOOEKTN

Po MukvoTtnTa QARG

Movadeg pérpnong

L Movada péTpnong prnKoug
T Movdada pétpnong xpovou
m Métpo

cm  Ekarootd Tou PETPOU

mm  XIANloOTO TOU PETPOU

min  Aetmrtd

sec  AeuTepOAETTTO

I AiTpo

ml XIAlooTé TOU AiTpou

gr pappapio

°C  BaBuog Kehaiou

atm  Atpdéo@aipa

Q Ohm

KQ  Kiloohm
mA  Miliambere
mV  Milivolt

Hz Herz

deg Moipeg
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1. EIZArQrH

To @aivopevo Tng diaxuong @AERag Beppol vepou A dAAou peucToU o€ UBATIVO
QATTOOEKTN ATTAVTATAI OTN PUON O€ DIAPOPES LOPPEG, TOOO WG PUTIKOU
@aivopévou, aAAd Kupiwg UTTd TN Hop@r avBpwTtroyevwy dpacTtnplothTwy. Ol
UOATIVOI OTTOOEKTEG (TTOTAMIA, AIVEG, WKEAVOI) ATTOTEAOUV TOV KUPIO TOTTO
014dBeoNG ETTECEPYAOTUEVWV ACTIKWVY KAl BIOUNXAVIKWY AULATWY Ta OTToia
dloxXETEVOVTAI EKEI OUVNBWG O€ UYPr] LOPPH HECW DIAXUTIPWV. Z€ APKETEG
TTEPITITWOEIG TA ATTORANTA TTPOG dIGBeon gival Bepud vePO TO OTTOIO
AVOUIYVUETAI E TO VEPO TOU ATTOOEKTN. TETOIEG TTEPITITWOEIG CUVAVTWVTAI O€
HovAadeS apalaTwoews BaAacoivou vepoU I O€ EYKATOOTACEIG WUEEWGS
MNXAVWV BIOUNXAVIKWY HOVAdWY OTTOU TO VEPO aVTAEITAI ATTO TO TTEPIBAAAOY,
KUKAOQOPEI HEOQ OTIG UNXAVES aTTAyOoVTaG TNV TTapayouevn BepudtnTa Kal v
ouvexeia emoTpEPEl BEPUOTEPO OTO TTEPIBAANOV.

H avauign Tou Beppou vepou e TO vePO Tou aTTodEKTN Eival duvaTod va
TTPOKAAECEI AUENON TNG BEPHOKPATIAG TOU TEAEUTAIOU E DIAPOPES OUVETTEIEG
Yl TO OIKOOUCTHATA TTOU €X0UV avaTrTuxBei ekei. AUEnon TG Bepuokpaaciag
EVOG TTOTAMOU 1] HIOG AivNG EVOEXETAI VO TTPOKAAETEI KATAOTPOPEG OTNV TOTTIKA
¥Awpida kal TTavida Kal yevikoTepa uttToRABuIon Tou TrepIB&AAovVTOG. MNapduoieg
TTEPITITWOEIG CUVAVTWVTAI KAl OTNV ATHOC@AIpA OTTOoU N d1A0£0 AEPOAUUATWYV
uwnAng Bepuokpaaciag atmd UYIKAUIVO UTTOPEI va TTPOKAAETEI ETTITITWOEIG OTO
MIKPOKAILQ TNG TTEPIOXNAG.

H emmidpaon Twv Beppaivopevwy uypwv attoBAATwY oTo TTEPIBAANOV o@EiAETal
OTO Yeyovog OTI, KATd Tn 01A6€0T) TOUG OTOUG UDATIVOUG ATTODEKTEG, £XOUV
XaUNAR apxiki apaiwaorn. O oxedIaoUOS TWV dIaXUTAPWY, ETTOUEVWG, TTPETTEI Va
YIiVETAI YE TETOIO TPOTTO WOTE VA ETTITUYXAVETAI HEYIOTN APXIKI apaiwon TTou va
EXEl OQV ATTOTEAEOUQ TTEPIOPICUEVES TTEPIBAANOVTIKES ETITITWOEIG. O AVWOTIKES
PAEPREG atToTEAOUV TNV KAAUTEPN HEBODO ETTITEUENG UEYIOTNG APAiwOoNG KABWG
TTPOKAAOUV QVAMEIEN TWV IBIOTATWYV TOoU TTPOG dIABeon pEUCTOU HE auTO TOU
a1TOOEKTN. 2UvnBEaTePn HopPr) diaxuThpa atroTeAEi £vag, BuBiopévog oTov
ATTOOEKTN, AYWYOGS UE OTTEG OTNV Avw TTAPEId, aTTd TIG OTTOIEG EKPEOUV TA UYPA
ammoBANTa UE TN HOPP GAEBWV.

2TNV TTapoUCa epyacia €Xel yivel Eva pyacTnEIakd TTPOCOUOIWUA EVOG
dlaxuTrpa Beppou vePoU. AVTIKEIMEVO TNG LEAETNG Eival N TTEIPAUATIKN
dlgpeulvnon NG TUPRNG Kal TNG diIdAuong PAERaAg Bepou vepou n oTToia
OlaxEeTal, e ApVNTIKI AVWON, O OUOYEVH Kal akivnTo UBATIVO aTTodEKTN. Na T
OKOTTO auTé TTpayUaToTToIOnKav TTEIPAUATA ONUEIAKWY HETPAOEWV
Beppokpaoiag, pe TN Xpron thermistors Taxeiag amokpiong, o€
QAVTITTIPOCWTTEUTIKA onUEia Tou TTEdIOU PONG.

1.1  BifAloypa@iKi avaoKoTTnon
To avTikeipevo NG diaxuong GAERAG vepou ae UBATIVO ATTODEKTN EXEI
atroTeAEOEI TTEDIO EKTETAMEVNG EPEUVAG OTOV TOUED TNG UOPOUNXAVIKNG £0W KAl
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oekaetieg. O1 Fisher et al. (1979) apxika kai otn ouvéxela o List (1982)
TTEPIYPAPOUV TUPPBWOEIS aAVWOTIKEG GAERES e Baon TNV BIBAIoypagia TTou
TTEPIEIXE TO TI €iXE Yivel PEXPI eKEivn TNV €TTOXNA £pguvnTIKA. O1 Kotsovinos (1975)
Kal Papanicolaou & List (1988) pérpnoav HeTapopd HAdag Kal OPUAG O€
KATOKOPUPEG AVWOTIKEG DIDIACTATEG KOl AEOVOOUUUETPIKEG AVWOTIKEG QAEBEG UE
BeTIKN Avwon, TTPoodIoPI(OVTAG TA XOPAKTNPIOTIKA AVATITUENG TOUG OTTWG TO
TTAGTOG, Ol CUVTEAEOTEG OCUUTTAPACUPONG, O PUBUOG apaiwong KATT.

KaTtaképu@eg QAERES pe apvnTIKI Avwon HEAETABNKAV TTEIPAMATIKA TTPWTIOTWE
atro Tov Turner (1966), Tou TTpoodIdpIoe TO HEYIOTO UWOG (1] BABoG) dicioduong
KATakOpupns GAEBAG HE avwOTIKR dUvVAlN TToU gival avTiBeTn YE TNV ApXIKA
OpPUK TOU PEUOTOU TNG QAERAG. 2Tn ouveExela o Abraham (1967) rpootrddnoe va
TTPOCdIOPICEl, UE LOVODIACTATO HOBNUATIKO OHOiWMA, TO HEYIOTO BAB0G
digioduong NG PAEBAg ocuvapThoel TNG OIAUETPOU TOU AKPOPUOIOU Kal TOU
apiBuou Froude. AKOAOUBOUV TTEIPAUATIKEG EPEUVEG Ol OTTOIEG APOPOUV KUPIWG
oTov uttoAoyIopud Tou pEyioTou (steady state) BdBoug dicioduong KATAKOPUPWYV
QAEPWV PE apvnTIKA dvwon atd Toug Baines, Turner & Campbell (1989),
Lindberg (1994), Zhang & Baddour (1998), Pantzlaff & Lueptow (1999),
Bloomfield & Kerr (1998, 2000) kai Kokkalis & Papanicolaou (2008). MeTpAoeig
TUPPNG £xouv yivel atrd Toug Seban, Behnia & Abreu (1978) oe Beppaivopeveg
PAEPEG, o1 oTToiol HETpNoav didxuon BepUOKPaCiag e KaTtakopu®n QAERa
BepUoU agpa Le apvnTIK Avwon (Ta ATTOTEAEOUATA TWV OTTOIWV TTPOKEITAI VO
OUYKPIBOUV e auTd TNG TTAPOUCAG EPYATIAg).

1.2 TupBwdeig eKTOEUOLIEVESG PAEPRES

ExkTogeudpuevn @AEBa 3 OEoUN ival Lia QAERA peuaToU TTOU dIaXEETAI O
aTTOOEKTN OOEI®OUC peuaTou Ue TV idia A diagopeTikr TTukvoTnTa. Ol
O100TACEIG TOU OTTOOEKTN €ival ouvrRBwS HEYaAUTEPES TNG AEBAG. O1 QAEREG,
avAaAoya HE TNV XPOVIKI dIOKUMAVOT TwV KIVAUATIKWY TOUG XAPAKTNPIOTIKWY,
dlakpivovTal o oTPWTES Kal TUpPwdEIS. TupPwdng onpaivel 4TI 0TO TTEDIO POoNg
NG PAERAG utTdpxel XxpoviKA dlakupavon TG TaxuTnTag f/kal TG CUYKEVTPWONG
KATTolag ouciag dIaAupévng oTn GAERA. [Mevikd To @aivOuUEVO TNG El0pEoucag
QAEPAG 0€ aTTOOEKTN BIAPOPETIKNG TTUKVOTNTAG BEWPEITAI WS PAIVOUEVO
METAPOPAG, META TWV ETTIUEPOUG AEITOUPYIWV TNG HETABEONG (transport) Kal TNG
TupPBwdoug didyxuong (turbulent diffusion). H petdBeon (eAelBepn 1
eCavaykaopévn) gival n dladikaoia KaTd TNV OTToia TO PEUCTO KIVEITAI ATTO B€oN
o€ Béon. H Tuppwdng didxuon cival n Ui avacTpéwipn diadikaaia TnNg KIVATEWS
HIaG 1010TNTAG ] EVOG CUCTATIKOU TOU HiYHATOG OXETIKWG TTPOG T AAAQ
OUCTATIKA TOU WiyHaTOG TTPOG TNV KATEUBUVON TNG IKPOTEPNG OUYKEVTPWONG
(opoyevotroinon Tou piypartog). O1 Trapatrdvw diadikaoieg Aappdavouv Xwpa
a@evOS Hev AOyw TNG apXIKAG TaxUTNTAG TNG EKTOLEUOUEVNG PAEBOAG, APETEPOU
0 Adyw TNG ouveXoUs TTPOG TNV avTiBeTn TTAeUpd dlEupUVOEWG TNG GAEBAG
auTng, attokAivouoa porj, n otroia o@eiAeTal TNV MRPASUVON TWV PEUCTWV
owHaTIdiwV Adyw PETAPOPAG TTOOOTNTAG Kivnong Tou peucToU TNG QAEBAG OTO
PEUCTO TOU aTTOOEKTN. AUTO €TITEAEITAI LE TN CUPTTAPACUPON (entrainment)
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TTEPIBAANOVTOG peuaTOU dNAAdK) TNV Kivnon TWV PEUCTWY CWHATIOIWY TOU
TTEPIBAANOVTOG pEUCTOU TTPOG TNV TTEPIOXH TNS GAEBAG, N oTToIa Eival N
KUPIOTEPN AITIO TNG ETTEPXOUEVNG avAIENG (Mixing) e TEAIKO aTTOTEAEOHA TN
didxuon kai T diIdAucon. Ta XapakTnPIOTIKA KAl N PEUCTOOUVALIKI CUUTTEPIPOPA
TWV EKTOEEUOHEVWV PAEBWV ECAPTWVTAI OTTO TOUG TTAPAKATW TTOPAYOVTEG:

¢  APXIKEG KIVNUATIKEG TTAPAUETPOI TNG PAEPOC.
¢ [lapdapetpol Tou TTEPIBANAOVTOG PEUOTOU.
¢ [EWUETPIKES TTOAPAUETPOL.

2TIG TTAPAPETPOUG TNG GAEBAG TTEPIAABAVOVTAI N APXIK) KATAVOWN] TNG
TaXUTNTAG, N éviaon TnNG TUPPNG, N OYKOUETPIKN TTAPOXK, N OpuN, Ta
BEPUOBUVAUIKA XAPAKTNPIOTIKA KAl N CUYKEVTPWON TUXOV SIGAUUEVWY OUCIWV.
Eivail duvatdv n @AEBa va eupioKeTal € UOVIUN 1 KA HOVIUN POR, Va £CEPXETAI
aT1TO TO OTOMIO HE 1) XWPIG cuoTpo@r] (Swirl), ouveXwG 1 e DIAAEITTOUOEG
EKXUOEIC. ZTIG TTEPIBAANOVTIKES TTAPAMETPOUG TTEPIAABAVOVTAI N TTUKVOUETPIKN
dlapopd QAEBAG Kal ATTOOEKTN, N OTPWHATWON (BEPIKN 1] TTUKVOUETPIKN) KAl N
Kivnon otov ammodékTn. Etriong o ammodékTng eival duvaTtov va gival oTACIUOG 1
Va KIVEITAI (0€ OTPWTNA 1} TUPPWON por)), va gival ATTEIPWY A TTETTEPATUEVWV
OIa0TACEWY KAl OUOYEVAG I HE TTUKVOUETPIKI OTPWHATWON. ZTIG YEWUETPIKES
TTAPAUETPOUG TTEPIAQUBAVOVTAI N LOPPI) KAl O TTPOCAVATONITHOGS TV QAEBWY, N
aAANAeTTiOpaon He AANEG PAEBEG Kal N €TTIOPACN TWV OPiWV TOU ATTODEKTN TTAVW
otn @AERa. E¢icou onuavTIKOG TTapAYyovTag TNG PONG €ival N YEWUETPIKA Hop®n
NG PAEBAG, n otroia e¢apTdTtal atrd TIG OUVONKES ££0B0U (KUKAIKA A 1N diatoun).
AutovonTo ival 6T Ta peUoTA GAEBAG KAl ATTOOEKTN TTPETTEI VA Eival AVALLEIA

TupPBwdelg ekToEeUOUEVES QAEBEC EL@aviCovTal CuXvA OTn UON UTTO TN HopPQn:
¢ Quoikwv utToBaAdoaIwy PAEBWYV (Sea-vents).
¢ Ogppotrnywyv (geysers).
¢ ApTeciavwy TTNYOdIWV.
¢ Kartd tnv €Kkpnén NQaIoTEIWV KATT.
TexvnTég (avBpwTTOYEVEIG) TUPPWOEIG EKTOLEUOUEVES PAEBES EppaviCovTal:
¢ 2€ KAUIVABEG UWIKAUIVWV.
Mavw atrd TTUPKaYIEG.

2TIG ECATHIOEIC OXNUATWV.

* & o

2TOUG dIaXUTNPEG DIABEONG ETTECEPYATHEVWY ATTORANTWY O€ UDATIVOUG
QTTOOEKTEG.

2TIG TOUPUTTIVEG TTPOWBNONG AEPOTKAPWV.
210 fuel injection KivnTAPWV.

2€ BIOUNXAVIKEG EYKOTAOTAOEIG.

*® & o o

2€ UNXaviopoUg wuéng-6€éppavong Xwpwv (KAIHATIopdg, TTIoIVES K.A.TT.).
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1.3  ODAEBeg Xxwpig dvwon, @AEBEG e BETIKA /| apvnTIKR dvwon.

2av atrAf ektogeudpevn QAERa (jet) opieTal n TTAPOXI) PEUCTOU N OTTOIa EKPEEI
QTTO OTTH ] OXIOUN O€ ATTOOEKTN OUOEIBOUG PEUCTOU idIAG ) DIAPOPETIKNAG
TTUKVOTNTAC (OXNMa 1.1). Eav n @AéBa dnuioupyeital atrd pia nyr SUVAIKAG
EVEPYEIOG TTOU TTAPEXEI OTO PEUCTO KATTOIA BETIKN 1) apvNTIKr Avwor, TOTE
ovopaletal TTAoUpIo (plume). H @AEBa TTou euTTEPIEXEI TIG 1I81IOTNTES TNS OTTARG
QAEBAG Kal Tou TTAOUMIoU (ONA apxIKr OpHr Kal Avwaon) OVOUAZETAl QVWOTIK
QAEBa (buoyant jet).

ZxAua 1.1 TupBwdng didxuon atmAng @AERag pe apxikh Taxutnta W Kai apxIkn
ouykévtpwon C.

‘E0TW KUKAIKA @AEBa diapéTpou D Kal TTuKvOTNTAG Po, N OTTOI EKBAAAEI
KATOKOPU@A KAl E QOPA TTPOG TA KATW O€ OLOYEVH KOl OKiVNTO OTTOOEKTN
TTUKVOTNTAG Pa. EGv Bewpriooupe W Tnv apxIkni HEon Taxutnta ££6dou, TOTE
MTTOPOUV Va opIocBouv n apxIKf OYKOUETPIKN TTapoxn Q TNG GAERAG, N €10IKN
(KIvNUaTIKA - avd povada pdalag Tou p€ovTog peuaTou) opur M kai n dvwon B

W¢ €&NG:
_ nD? 3
Q==,-W [LT] (1.1)
M =QW [L%T? 1.2)
B=22"0gQ=g,Q [L¥T7, 6mou g',=La—Log[L/T? (1.3)
Po Po
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ZxAua 1.2 TupBwdng didxuon KaTakOpuPng avwaoTIKAG GAEBAGC PE OUOIOUOPPN
apxIki TaxutnTa W Kal apxIKf TTUKVOUETPIKA dlagopd Apg.

Me Baon Ta pey€Bn autd Kal TOUG OPICHUOUG TNG TTPONYOUUEVNG TTapayPA@Ou
IoXUEI OTI:

¢ ATTAQ QAEBa (jet) eival n @AEBRa yia Tnv oTToia 1IoxUel M>>B ) B—0.
¢ [1Aoupio (plume) gival n AERa yia Tnv oTToia Ioxuel B>>M 1 M—0.

¢ AvwoTiki QAEBa (Buoyancy jet) eival n @AERa yia Tnv oTToia 1IoxUel M#0
Kal B#0.

O1 pA£Beg TTOU TTapATNEOUVTAI OTN QUON £€XOUV APXIKI OpUr Kal avworn. ‘ETaol,
€AV N APXIKN OPUA €ival ETTIKPATESTEPN, N PAEBA APXIKA CUUTTEPIPEPETAI TAV
atmAf AEBa (jet) evw, €Av n apyIkr Avwaon uTtepIoXUEl TG OPUAG,
OUMTTEPIPEPETAI oAV TTAOUIO (plume). ZTIG UTTO Avwaon YAEREG KaTaTdooovTal
WG OPIAKEG TTEPITITWOEIG, N ATTAR PAEBA XWpPIG Gvwan, OTav dev UTTAPXEI
dla@opd TTUKVOTATWY, Kal N atrAf avwaoTik QAERa oTnv oTToia UTTApXEl LOVO
emidpacon duvapewyv avwong. OuoiaoTIKA €ival ETTIONG, OTIG KATAKOPUPES
PAEPBEG, N OUYKPIOTN TWV KATEUBUVOEWYV TNG ApPXIKAG TaXUTNTAG €00V KAl TWV
ouvapewyv avwong. Eav gival Tng idiag gopdc n eAERa gival BETIKAG Avwong,
EVW av gival avtiBeTng gopdcs 161 N QAERA gival apvnTIKAG Gvwong.

OAEBa apvnTIKAG dvwong gival N GAERA ekeivn n OTToIa DIAXEETAI KATAKOPUPA |UE
@OpPA TTPOG TA KATW O€ ATTOOEKTN HEYAAUTEPNG TTUKVOTNTOG (OXAMOTA 1.3 Kal
1.4). To @aivopevo TNG apvnTIKAG Avwaong €XEl oav aTToTEAETHA N QAEBa va
OUUTTaPaCUpPEl BapUTEPO PEUCTO HOVO OTTO TOV OKivNTO OTTOOEKTN KAl va
O1e100UEl UEXPI KATTOIO HEYIOTO PABOG Zmax OTTOU N 0PN TNG NdevideTan (OxAMa
1.2). Z1n ouvéxeia aAAAadel n eopd TNG Kivnong Kail N @AERa apyicel va dlaxéetal
TTEPILETPIKA TTPOG TNV EAEUBEPN ETTIPAVEIQ TOU ATTOOEKTN, AOYyw TNG £TTiIdpacnS
TNG QVWOTIKNG dUVAUNG, TTEPIKAEIOVTAG TNV KaTEPXOUEVN pon (oxAua 1.3). To
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BaBog diiocduong PEIVETAI KAl OTABEPOTTOIEITAI € ATTOOTACN Zs AOYWw TNG
aAAnAeTTiOpaong TNG KATePXOMEVNS QAERAG Kal avepXOpevng pong. H améoTaon
Zs €ival N péon otdlun (o€ ox€on e To OTOMIO TNG PAEBAG) OTNVv oTToia
pNdeviCeTal N apxIkn opuA, AOyw TNG avTiBeTNG dpdong TNG avwoTIKAG dUvauNng
oTn pon NG GAERAG. Ocwpoupe OTI apxIKA aTn GAERa Exoupe M>>B. Me Bdon
TOUG OPIOHOUG TNG TTPONYOUMEVNG TTAPAYPAPOU, OTO OTOWIO TNG GAEBAS N
QPXIKA OPHN] Eival ETTIKPATEOTEPN ETTOUEVWG N GAEBA CUUTTEPIPEPETAI OAV ATTAR
QAEPBa. Ze atrédoTaon TTANciov Tou péoou BAaboug dicioduong zs uTTeEPIoXUEI N
OpMN TNV OTTOIa ATTEKTNOE (EXAOE OTNV TTPAYUATIKOTNTA) N GAERA Adyw
apvNnTIKAG Avwong Kal N @AERBA CUUTTEPIPEPETAI WG TTAOUUIO. KaTtakdpugn
PAEBa apvnTIKAG Avwong TTAPATNPEITAI KOl OTNV TTEPITITWON TTOU N QAR
dlaxEETal KATAKOPU@A TTPOG T TTAVW O€ OUOYEVH ATTOOEKTN UE UYPO UIKPOTEPNG
TTUKVOTNTAG.

To BaBog dicioduong TNG PAEPAC TTAPAPEVEI OTO Zmax OTIYHIQIA EVW) OTH CUVEXEIQ
ehatTwveTal Adyw NG avtiBeTa Kivoupevng OaKTUAIOEIBOUG PONG, N OTToIa
OUUTTaPaCcUpPEl EAAPPUTEPO PEUCTO ATTO TNV KATEPXOUEVN QAERA, TTPOCDIdOVTAG
TNG Opun AvTiBETNG KaTEUBUVONG e ATTOTEAEOUA va TNV eTIRpaduvel. H @AERa
TTEPIEPXETAI O€ KaTdoTaon Hoéviung diaitag (steady state) kai 1o Ba6og
dieioduong oTABEPOTIOIEITAI OE A TIUA Zs<Zmax (OXAUa 1.3). OTav n avepyxouevn
por] TTANCIAcel TNV €AeUBepPN €TTIPAVEIQ TOU ATTOOEKTN, N GAEBO apxidel va
OlaXEETAI AKTIVIKA HEXPI VO PTACEI TA KATAKOPUPA OpIa TOU ATTOOEKTN
oxnuaTi¢ovtag Tn Aeyoéuevn diemm@dveia (interface) HeTAEU avaPEUEIYUEVOU
PEUCTOU KAl PEUCTOU TOU ATTOOEKTN, N OTTOIa OTADIOKA KATEPXETAI TTPOG TO
OTOMIO TNG QPAEBAG.

ZxAua 1.3 Katakdpuen eAERa pe apvnTiky Avwaon. ApxIKO oTddio didxuong
(transient state) katd 10 o1T0i0 N PAEBA SIEICDUEI LEXPI TO UEYIOTO PABOG Zmax.
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)

OLETLOAVELDL

ZxAua 1.4 Karakdpuen @AERa pe apvntikh dvwon. Kardotaon péviung diairag
(steady state) katd Tnv otroia N @AERa aAAadel @opd TTPOG Ta TTAvVW,
TTEPIKAEIOVTAG TNV KATEPXOUEVN PO, Kal TO BAB0¢ dicioduong oTaBepoTrolEiTal
o€ BABOC Zs<Zmax-

1.4  AilaoTaTikf avdAuon
2€ WA atrAr) KUKAIKT) @AEBa Ta povadika apxIKa XapakTnpPIoTIKG gival n TTapoxn
Q ka1 n 181k opu M, pe Bdon Tig otroieg o1 Fischer et al. (1979) rpoTteivouv
TNV KAipaka pAKoug lg n otroia opideTal wg:

Q

IQ = W (14)

Kal €ival ion PE TNV TETPAYWVIKNR pida TNG ETTIPAVEIAG TOU AKPOPUUOIOU. € HId
avwoTIKA QAEBaA e apxIKA xapakTnpIoTIKA Q, M kai B, oi idiol cuyypageig
TTPOTEIVOUV [Ia OeUTEPN KAIHAKA AKOUG |y TTou, €KTOG aTTd TO AdPaVEIOKA,
EUTTEPIEXEI KAI T AVWOTIKA XAPAKTNPIOTIKA TNG QAEBAC:

I ~ M3/4
M=—75
Bl/Z

(1.5)

O AOyog Twv TTapaTTavw KAIMAKWY ovopdletal apxikdg apiBudg Richardson Ry

NG QAEBAG:
I 1/2 1/4 [ /2 1/4
R, =-2 =8 " [zj (9,D)" _ [Zj 1 (1.6)
l, M 4 W 4) Fr
otTou Fr gival o TTUKVOUETPIKOG aplBudg Froude kai g'o N avwoTIKA €TTITAXUVON
ion pe:
g'o = u g (17)
Po
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2UMTTEPACHATIKA, N KAIHOKA PAKOUG Ig EKPPACEl TO apxIKO HEYEBOG (DIAUETPO
aKkpo@uaiou) TNG PAERAG, n KAipaka |y TTpooadiopidel TNV atrdéoTaon Ao TRV
£€€000 TNG PAEBAG OTNV OTTOIA O AVWOTIKEG OUVALEIG YivOovTal ONUAVTIKEG, EVW O
apiBuée Richardson rpoadiopilel Tn cuptTepipopd TNS GAEBAG (dv cival Rp=0
TOTE CUUTTEPIPEPETAI oAV ATTAN) QAEBa evw €dv Ry gival TNG TGgng Tou 0.6 Kal
Avw TOTE CUUTTEPIPEPETAI OAV TTAOULLIO). Z€ aTTO0TACN Z APKETWYV OIAUETPWYV
aT1TO TO AKPOPUOIO OTTOU N GAEBA £xel avaTTTuxBei TTAPWG Bewpoupe TV
KATAVOWN TNG Héong TaxuTntag w=w(r,z) Kai pEong d1agopdas TTUKVOTNTAG
Ap=Ap(r,z). ATTo Ta PeEYEON AUTA UTTOPOUV VA UTTOAOYIOTOUV N OYKOUETPIKA
TTapoxn K(z) (6ykog peuaTtou), n €I0IKA Oppr) peucTou m(z) kai n €181k dvwaon
peuaToU B(z) TTou diEpxovTal atro pia diatopr) A Tng AERAG OTnN povada Tou
XPOVOU, E TNV XPNON TwV OAOKANPWUATWV:

w(z) = j w(r, z)dA (1.8)
m(z) = j w(r, z)dA (1.9)
B(z) =Igmw(r,z)dA (1.10)

Me Baon TIG TTOPATTAVW TTAPARETPOUG PONG opideTal 0 apIBOg Richardson Tng
pon¢ R(z) og améoTaon z atmmd 10 akpoPUaCIO WG:

1/2
R(2)= urff”“ (2.12)
TNV TTEPIOYXN MG KATAKOPUPNG aVWOTIKAG QAEBAC e BETIKN dvwaon ol
Papanicolaou & List (1988) £dcicav 611 yia z/ly<<l n QAEBA CUUTTEPIPEPETAI OAV
atrAf (jet), evw yia z/ly>>1 cav TARpwS avwaoTikr (plume). MNpakTikd, yia z/ly<l1
N QAEBA cupTTEPIPEPETAI AV ATTAN, yia Z/ly>5 oav TTAPWS aVWOTIKA VW N
Trepioxn 1<z/ly<5 atroteAei pia PeTaBaTik KATAoTaon. TNV OTTA QAR
(z/lu<1) 1oxVel Ro—0 emre1dri B—0. ETriong yia z/ly<1 (1repioxr ammAig @AEBAg) ol
Papanicolaou & List (1988) empepaiwoav pe PeTpAOEIS 0TI R(2)~z. Na
adidaotarn arméataon z/ly>5 (Trepioxr) mAoupiou) Trpoteivouv R=R,=0.63 110U
atroTeAEl Kal TNV opIaKA TIUR Tou apiBuou Richardson (apiBudg Richardson
TTAOUMIOU). [eVIKWG, o€ GAEBEC UE apXIKA Opur Kal dvwaon, 0 BaBudg
OUUTTEPIPOPAG OGS PAEBAG oav TTAOUMIO, € TTEPIOXES OTToU Z/ly>1 dev €XEl
ATTOCOPNVIOTEN TTAAPWG, HE OTTOTEAECUA TA ATTOTEAEOUATA TTOU TTPOKUTITOUV
aTrO PETPAOEIG OTIC TTEPIOXEG AUTEG va gival OIPOPOUUEVA.

O1 Kokkalis & Papanicolaou (2008) xpnoIpoTTOIlVTAG dIACTATIKA avaAuon
€deIav OTI o€ KATaKOpUPN QAEBA E apvnTIKK) Avwaor, n oTroia diaxEeTal o€
OMOYEVH aKivnNTO aTTOOEKTN DIOPOPETIKAG TTUKVOTNTAG, TO KAVOVIKOTTOINEVO
BaBog dicioduong z/ly eival cuvapTnon Tou apxikou apiBuou Richardson,
onAadn:

2 _f(R,) (1.12)

IM
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2NUAVTIKY dIAQOPOTToINCN OTNV avAAUoh CUVIOTA TO HEYEBOG TNG OPUAG TNG
QAEBAG KaTh TNV £€€000 aTTd TO AKPOPUOIO (ApPXIKA TTOCOTNTA Kivnong) Kai n
apxIkn avwon. Mevik& oTIg QAEREG UTTO Avwaon N ETTIPPON TWV HEYEBWY QUTWV
EKTEIVETAI HEV O€ OAO TO UNKOG TNG GAEBAG AAAG DIOYOPOTIOIEITAI CUVEXWGS
avaAoya Tnv atréoTaon atrd TNV £6000. 21NV TTEPIOXN TTANCIOV TOU OKPOPUTiou
KUpIapxoUV ol BUVAEIG OPUAS eV KOVTA oTo BdBog oTabepoTtroinong (zs)
KUpPIapXoUV Ol QUVAEIG Avwong.

2€ TTEPITITWON TTOU N ApXIKA Oppr] €ival KaTd TTOAU HEyaAUTEPN OTTO TNV
apvnTikA avwaoTikh duvapn (f étav Rp<<1) n Trapatmavw oxéon eivai
aveEdpTnTn aT1Td TOV APXIKO apIBUd Richardson Tng @AéRag, Tpdyua Tou
onuaivel oTI:

z

S ¢ (1.13)

IM
otrou C gival pia otaBepd. O1 Kokkalis & Papanicolaou (2008) £d¢igav e1Tiong
OTI € KaTtakOpuPn BepUalvopevn KUKAIKA QAEBa pE apvnTIKr Avwaon Kal apiOuo
Richardson pikpoTtepo Tou 0.2 T0 PEYIOTO BABOG BIEICdUONG Zmax /v Eival
TTEPITTOU i00 E 3, EVW TO KAVOVIKOTTOINUEVO ECO oTaBepoTroinuévo BaBog
digioduong zs /ly gival TTepiTTou ioo pe 2, dnAadr 1o BAaBog dicioduong zs ival
Tepitrou 2ly (oxAua 1.3). Z1a TEIpdpaTa TNG TTAPATTAVW OTTWG KAl TNG
TTAPOUCOG EPYACIAg O I0XUPIOUOG auTOG eTTIRERBAILLONKE, OXI HOVO O€
KATaKOPUPES GAEREC TTOU dlaTnpoUV TNV apXIKA Toug avwaorn (PAERES
aAatdvepou og KaBapo vepd), aANG Kal OTIG BepaIvOpEVEG QAEBEC OE KPUO vEPO
OTIG OTTOIEG N apXIKA Avwaon HEIWVETAI Gav ouvapTnon Tou pubuou apaiwaong,
AOYW TNG METABOANG TOU CUVTEAEOTH BEPUIKNG DIOOTOAANG TOU VEPOU LE TN
Bepokpaaia.

1.5 Pubuég apaiwong

H 1TuKvOTNTA TOU VEPOU OTOV ATTOOEKTN Eival BIAQOPETIKN ATTd TNV TTUKVOTNTA
TOU vEPOU TNG PAEBAG Kal auTO o@eEileTal OTIG DIOPOPETIKEG BEpOKpaTies. H
dla@opd auTr TNG TTUKVOTNTAG TTPOKAAEI TNV avVWOTIKK dUvapn n otroia emdpd
otn eAEBa aAAdlovTag Tn d1EUBUVON TTPOG TNV OTTOIA AUTH KIVEITAI ApPXIKA. To
Bepd vepd TNG PAEBAG OTaV eEEPXETAI ATTO TO AKPOPUOIO AVAUIYVUETAI [IE TO
vePO Tou atrodékTn. H diadikaoia autry ovopadetal apaiwaon, dnAadr peiwon g
ApPXIKAG BEpUOKPATIOKNG dIOPOPAS HETAEU vEPOU TNG PAERAC KAl ATTODEKTN TTOU
TTPOEPXETAI ATTO TN UEIGN Twv dUo uypwv. H péon apaiwon prropei va
TTOOOTIKOTTOINGEI PE TN XPHON TOU CUVTEAEOTH S O€ KATTOIO TUXQIO OnUEio TOu
1Tediou PONG Kal gival ion HE:

a (1.16)
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oTTOU:

To: H Beppokpaaoia TNG eAERAC.

Ta H Bepupokpacia Tou aTTOdEKT.

T: H xpovika péon (time-averaged) peTpoUpevn BeppoKpacia oTo
{NTOUUEVO ONUEio.

H apaiwon otov agova NG QAEBaG pTTopEi va ekppacTei adidoTara, CUUPWVa
HE TN Oox€on TTou TTpoTeivouv ol Papanicolaou & List (1987) kai Kokkalis &
Papanicolaou (2008):

SCIQ _ To _Ta Q

= 1.17
z T, -T,zdM (L.17)
N oUpQWva pe Tn oxéon Tou Jirka (2004):
S _1To-T (1.18)
I:r l:0 Tc _Ta

otTrou T gival N péon PETPOUUEVN BepUoKpaaia oTov dgova NG GAEBaG.

O1 TTapatrdvw oX£0EIS gival atréoppola TNG dIACTATIKAG avaAuong Twv
Papanicolaou & List (1987, 1988) o1 otroiol atrédeigav 011 N adidotaTn apaiwon
Sc\lg /z) cival otaBepn] yia atmAég QAEREG (z<<lyv) evw gival avdAoyn Tou Adyou

(z/1,, }*"* otV Trepioxr Aoupiou (z>>ly). O1 Papanicolaou & Kokkalis (2008)
UTTOAGYIOQV TNV KAVOVIKOTTOINEVN HEON apaiwaon S, (IQ /z), epapuolovtag éva

HOVOOIAOTATO HOVTENO, TNV OTTOI CUVEKPIVAV HE Ta dedopEva Twy Seban et al.
(1978) katdAAnAa adiaoTtatoTroinuéva. H uttoAoyiopévn péon didAucn oTo
onpeio avaoTpo@ng TnG pong o€ PAERES (BaBog dicioduong zs/ly) Bpédnke atrd
Toug Papanicolaou & Kokkalis (2008) 611 €ivail 0.285 yia piKpoUg apxIKoug
apiBpoug Richardson (<0.10). To amTOTEAECHA AUTO CUPQWVED YEVIKA UE TIG
TIMEG HEONG apaiwaong TTOU TTPOEKUYAV aTTd TIG LETPAOEIS Twv Seban et al.
(1978), Trou kupaivovTal o€ éva eupog 0.30~0.40 yia 0.5<z/Iy<2 evw
armreipiovtai yia z/ly>2 (oxnuarta 1.5 kai 1.6).

10
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ZxAua 1.5 YtroAoyiopévn adlaocTaTtotroinpévn Héon apaiwaon Bepuaivopevng
PAEBAG OTO HEYIOTO BABOG dIEIOBUONG Zmax OAV GUVAPTNON TOU APXIKOU
apiBuou Richardson (Papanicolaou & Kokkalis 2008).

10
+
o |S-1
= A 1S-2
Ax
N o° o 15-3
i +
E 1 o .4"'+ x IL-1
Q X o |L-2
< +
%) X
° " 4 Ro " 4oa A X n IS-1A
°© a'm .
A |S-3A
0.1
0.1 1 10
2w

ZxAua 1.6 AdlaoTatotroinuévn péon apaiwaon Bepuaivopevng QAERAg aépa oav
ouvapTtnon Tng adidoTaTtng atréotaong z/ly atrdé 1o akpoPuaoio

(Papanicolaou & Kokkalis 2008 a1t 1a dedopéva Twv Seban et al. 1978).

1.6  AvTIKEiLEVO TNG EpyaTiag

AVTIKEIEVO TNG TTAPOUOCOG EPYATIAG OTTOTEAEI N LETPNON TWV XAPOKTNPIOTIKWY
TNG TUPPNG o€ [ia Beppaivopevn QAERa vepOU apvnTIKAG Avwaong, TTou EKBAAAE
KatakOpupa oe Yuxpod (Bepuokpaciog dwaTiou) vepd. ZUYKEKPIUEVA, UE TN
XPrRon HeBodoAoyYILV GNUEIAKNAS BEPUOPETPNONG HE aIoONTAPES TaXEIOg
atmokpiong, (BA. MatravikoAdou & MaAaut{éyAou 2006 kal Michas &

11
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Papanicolaou 2008 oxeTIKG e LETPAOEIG BEPUOKPATIAG O€ OPICOVTIA AVWOTIKN
QAEPQ) TTPOKEITAI VO LEAETNBOUV TA XOPAKTNPIOTIKA TNG TUPPNGS KAl
OUYKEKPIPEVA N KATAVOWN TNG HEONG BEpOKPATiag Kal TNG Eviaong TnG TUpRNng
o€ JIaToUEG eyKAPOIEG aTn dlEUBuvoN TNG Kivnong TNG @AERAG, 01 OTToIEG OPWG
diEpxovTal atrd Tov agova tnG. MNMapdAAnAa Ba peAETNBOUV O PACUATIKEG
1I016TNTES TNG BEPUOKPATIOKAG dIaPopdg avdapeoa oTo uypd NG GAEBAG Kal auTd
TOU aKivnTOu aTTOOEKTN KABWG £TTIONG KAl 0 pUBUOG TNG pEoNG
adlooTATOTTOINUEVNG aPAiWoNG KATA UAKOG Tou agova didxuong TNG GAERAC.

O1 peTpAoeIg BepOKPaTiag TTPOKEITAI VO UAOTTOINBOUV O€ OUYKEKPIMEVEG
KATOKOPUPES ATTOOTACEIS ATTO TO AKPOPUOCIO KAAUTITOVTOAG OAOKANPO TO PURKOG
didxuong, atrd TNV €600 TNG PAERAG £wG Kal BABOG 2ly. >uykekpipéva Ba
TTPayHaToTToINBOUV HETPNOEIS TTEPI TIG aTTOOTACEIG 0.51y. |yv. 1.501ly Kai 2ly, 0TO
ETTITTEDO TNG OTTAG TOU AKPOPUOiou (£€000G TNG PAERAG) KABWG ETTIONG KAl O€
OIaTOUEG UTTEPAVW TOU ETTITTEDOU TOU aKpo@uaiou (TTepioxn KaBapd BETIKAG
avwong). EVOEIKTIKEG LETPAOEIG TTPOKEITAI VA YiVOUV KOl 0€ AAAEG ATTOOTACEIG
OTTWG T1.X. o€ améoTaon 0.25 Iy, 0.75 |y kai 1.25 |y atd 10 akpo@uaoio. O
ApXIKOG aplBUOG Richardson trpokertal diatnpnbei o€ XapnAd etmitreda Trepi TNV
TrepIoxn 0.01<R<0.2 1ToU onuaivel 61 N AEBa apXIKG Ba CUUTTEPIPEPETAI OAV
attAf QAEBa (jet).

12
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2. NEIPAMATA

2.1 Neapapartikn didragn

H mreipaparikr) didragn arroTeAeital ammo 1a €§AG eMUEPOUS TUAHaTa: (1)
OpBoywvikn degapevn, (2) ZuoTnua avadpTnong Tou akpouaiou, (3) ZUoTnua
TPIWV POOUETPWY, (4) Oeppooipwva, (5) AikTuo TpoPodoaiag TNG YAERAG, (6)
OepuoaToIXEiO TaXEIOG aTTOKPIONG HE EEWTEPIKO KaTaypa@ikd cuoTnua, (7)
2uoTolxia TTévre aloBnTApwWY Taxeiag amokpiong (thermistors), (8) Mnxaviké
Bpaxiova (TpaBépoa) yia TV HeTakivnon Twv thermistors, (9) HAekTpovikd
UTTOAOYIOTH yIa TNV Kataypaen Twv dedopévwy, (10) ZUoTnUa GWTIOHOU Kal
OTITIKOTTOINONG TNG QAERAG Kail (11) Wneiakn BIVIEOKAUEPQ IO TN AW €IKOVWV.
Mia ocuvoTITiKA avatrapdoTaon TNG TTEIPAUATIKAG dIATAENG PaiveTal OTO

oxAua 2.1.
OeplooToIxEID MapakauTTipiog
OwArvag
PR PR
Jet plenum
i y 8
Eicaywyn ﬂ
TIETTIEOPEVOU Q€Pa Emetepyooia ﬂ
OAuaTOg
Thermistors
Oeppo-
i ; Aegapevi
olpwvag >UoTnua X
i POOUETPWV gz
I

ZxAua 2.1 MNeipapatikh didragn.

2.1.1 OpBoywvikn degapevn. H degapevn £xel oxiua opboywviou
TTAPAAANAETTITTEDOU e ECWTEPIKES DlaoTaoeIC 0.80x0.80 m? kai B&Bog 1.00 m
(oxnua 2.2). O1 akpéG TNG ival LETAAAIKEG, Ol KATOKOPUPES TTAEUPEG Eival
KOTOOKEUOQOUEVEG OTTO BEPUIKA KATEPYAOUEVO YUAAI UWNAAG avToxNG TTAXOUG
1.25 cm, evw o TruBpuévag ato plexiglass ayxoug 1.50 cm. H £€dpa TG opo@Prig
gival kevry (QKAAUTTTN) Kal atTo eKEi yiveTal n TTARpwon NG OECAEVAS Kal N
avadeuan Tou VEPOU OTO ECWTEPIKO TNG. TN OTEPAvVN TNS de€apevig edpalovTal
TO OUCTNUA avAPTNONG TOU OKPOPUOIOU KAl O INXAVIKOG Bpayxiovag yia Tnv
Kivnon Twv thermistors. Z1ov TTUBUEVA UTTAPXEI OTTN VIO TNV EKKEVWON TNG
deCapevng, n oTToia cuvdéeTal, HEOW OGS BAVAG Kal EVOG TTAACTIKOU CWANVA, E
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10 OIKTUO QTTOXETEUONG TOU epyacTnpiou. H degapevr edpddeTal TTavw O€
METAAAIKG B&Bpo Uwoug 0.50 m.

2TIG OUO aTTEVAVTI £€DPEG TNG DECAUEVNG £XOUV OXEDIAOTEI, HUE aveEiTnAO
HOPKadOPO, TETPAYWVIKOI Kavvapol TTAeupdg 5 cm. H apxr) Toug £xel oxedlaoTei
o€ atréoTaon 5 cm atd 10 XeiAog TNG deCAEVNC.

ZIxAua 2.2 Asgapevn).

2.1.2 ZioTnua avadprTnong Tou akpo@uaoiou. ATToTeAsiTal atrd évav
KUAIVOPIKO cwAfva atré PVC prkoug 25 cm pe e0WTEPIKN SIAUETPO 4 cm OTO
éva AKPO TOU OTTOIOU OTEPEWVETAI TO AKPOPUOTIO (oxNpa 2.3). To dAAo dkpo Tou
OWANva ocuvoEeTal e TNV TTAPOXH Tou Bepou vepou. O cwAAvag epapuolel o€
UTTOO0X ! TTOU Eival KOANUUEVN ETTAVW O€ Uia eTTITTEON LETAAAIKA TTAGKA N OTTOIC
OTEPEWVETAI UE KOXAIEG OTN O0TEPAVN TNG deCapevhS. To OA0 ouoTnua
onuioupyiag TS PAEBag (jet plenum) ToTToBeTEITAI KATA TETOIO TPOTTO WOTE TO
QKPOQPUOIO Va gival opICOVTIO KAl KEVTPAPIOHEVO £TOT WOTE N AEBA va gival
Katakopu@n e Afova Tov Afova CUUKETPIag TNG Oegapevis (KaTakOpupog aTrd
TO ONMEIo TOUAG TWV dlIaYWViWV ToU TTUBUEVA TNG BECAMEVNG).

Ta akpouaoia gival KaTaokeuaopéva atrd dlagaveg TTAACTIKO e SIAPETPOUG
0.50, 0.75 ka1 1.00 cm, e OHaAr] KOUTTUAN HETGRAONG OTTO TNV E0WTEPIKI)
OIAUETPO TwV 4 M TOU CWANVA €QAPHOYNS WS TN OIAUETPO TOU akpouaiou. lNa
TNV ATTOQUYN dIAPPOWV N TTPOCAPHOYH TWV AKPOPUTIWV OTOV TTAACTIKO
OwANva €yive Pe TN XprRon evog opelxAAKIVOU OUVOETHPA UE OTTEIPWHA, TTAVW
OTOV OTT0I0 KOXAILWVOVTAI TOOO TO AKPOPUCIO 600 Kal 0 CWAAVAGS, VW HETAEU
TOug ToTTO0ETEITAI TTAAOTIKOG BAKTUAIOG YIa KOAUTEPN £@appoyn. ETriong, yia Tnv
KATAOTPOPN TWV HEYAAWYV dIVWV KATA TNV €i0000 TOU VEPOU ATTO TO CWARVA
€1I0000U OTN OUOKEUN dnuioupyiag TG @AEBag (cwAnva atrd PVC), éxel
TOTT00ETNOEI KUPeAOBIAPPayUa aTTd TTAACTIKA KaAapdkia diapérpou 0.5 cm kai
MKOUG 6 cm OTO HECO TOU CWARVA.
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ZxAua 2.3 200TNUA avapTnong Tou akpo@uaiou.

2.1.3 ZioTnua TPIWV POOLETPWYV. TO CUCTNHA TWV TPIWV POOUETPWY
TTapeUBAAAETAI HETALU TNG CUOKEUNG dnuioupyiag NG GAEBAG Kal Tou
Beppooipwva. AtroTeAsiTal atTd Tpia POOUETPA E DIOPOPETIKO EUPOG TTAPOXNS
TO KAOE éva (oxnua 2.4). Ta podueTpa auvdEovTal TTapAAANAa e TO CwARva
TPo@odoaTiag TNG PAEBAG. 2T0 CWAAVA €10000U OTO CUCTNUA TWV POOUETPWV
€x€l TOTTOBETNBEI oPaipiki Bava woTe va gival duvaTh n SIAKOTTH TNG PONG XWPIg
KATTOI10 a1Td T POOUETPA VA gival UTTO TTiECT), KABWG Kal oTnVv £€£0d0 Tou KAOE
EVOGC XWPIOTA, £TO1 WOTE va €TTIAEYETAI TTOI0 Ba XpnolpoTTolEiTal KABE Yopd. To
€UPOG TTAPOXNG YIA TO TTPWTO POOUETPO gival 0.06~0.55 I/min, yia To deUTEPO
0.20~2.00 I/min kai yia 1o TpiTo 2.00~10.00 I/min. H emBupnTA TTapoxn NG
QAEBaG pubpiCeTal pe pHia Bava akpiBeiag pe BEpVIEPO TOTTOOETNEVN OTOV KOIVO
OowAnNva ££600uU TWV TPIWV POOUETPWY. TO CUCTNUA TWV POOUETPWV
OTEPEWVETAI KATAKOPUPA 0€ EUAIVN BAon n oTroia edpAaleTal 0TO PETAAAIKO
BaBpo NG degapevig.
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ZXAUA 2.4 200TNUA TPIWV POOUETPWV.

2.1.4 Ogpuooipwvag. O Bepuocipwvag gival KOTAOKEUATHEVOS aTTO
avoEeidwTo XaAUBa Kal £xel OXNUa KUAIVOPIKO pe didueTpo 0.50 m kail uwog 1.00
m (oxnua 2.5). EEwTepika TepIBAAETAI ATTO HETAAAIKO avOLEidWTO KAAUPa. H
XwPNTIKOTNTA Tou €ival 60 | evw eival oxedlaopévog va avTéxel o€ Trieon 10 atm.
270 ETTAVW HEPOG UTTAPXEI £I0000G VEPOU Kal €i0000G YIA TTETTIEOUEVO aépa,
TTAVW OTNV OTTOIa £XEI TTIPOCAPUOOTEI LAVOUETPO VIO TOV EAEYXO TNG TTiEONG
€10000u. Kai o1 dUo €icodol dIaBETOUV TaxUOUVOEOOUG Kal BAVES yia AGyoug
ac@aAciag. Ztov TTuBuEVa uTTépXEl BAva eKKEVWONG TOU BEPUOTiQWVa TTOU
KATOAAYEI, LEOW TTAQOTIKOU CWANVA, 0TO JIKTUO ATTOXETEUONG TOU EPYAOCTNPIOU.
2T0 KATOKOPUQPO ToiIXWwHa Tou Beppoaipwva £xel TOTTOBETNOEI 0 deikTNG
Bepokpaciag vepou oTo PETOV Kal N €000¢ TPOPOdOTiag XapUNASTEPA N OTToIx
ouvoEeTal UE TO CWARVa €10000U Twv pooueTpwy. O Bepuoaipwvag dIabETel
KUKAOQOPNTH, YIO VO aTTOQEUYETAI N dNUIOUPYia BEPIKNAG OTPWHATWONG EVTOG
Tou doxeiou KaTa To0 oTAdIO TNG BEPUAVONG TOU VEPOU, EVW EEWTEPIKA TOU
Beppooipwva kal TTapdAANAa HE auTov €xel TOTTOBETNOET £va yUudAIvo
OTABUNAMETPO Yia TOV EAEYXO TNG OTABUNG TOU veEPOU.
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ZxAua 2.5 Oeppooipwvag.

2.1.5 AikTuo Tpo@odoaciag Tng PAEBAGg Kal BEplLOOTOIXEIO TAXEIAG
amrékpiong. To dikTuo Tpopodoaiag TNG PAERAC atroTeAEiTal atTd TTAACTIKO
OWANVa KUKAIKNG DIOUETPOU, ETTEVOEQUUEVO UE BEPUOMOVWTIKO UAIKO WOTE va
atmmo@evlyeTal n dlaguyr BeppdTNTAG 0TO TTEPIBAAAOV. To dikTUO aTTOTEAEITAI OTTO
QU0 ETTILEPOUG TUAMATA, TO CWANVA OUVOEONG TOU BEPUOTiQPWVA HE TO CUCTAUA
POOUETPWY KAl TO CWARVA OUVOECNG TOU CUCTAUATOS POOUETPWY HE TN CUOKEUN
dnuioupyiag TG eAEBag. Mpiv atrd 1o onpeio Tou cwARva €10600U 0TO CWAAVA
PVC, 610U e@apudlovtal Ta akpo@uaola, £xEl TOTTOBETNOEI BeplLoaTOoIXEID
TaxEiag ATTOKPIONG YIA TOV EAEYX0 TNG BeppoKpaTiag TNG GAEBAG. ZTn CUVEXEIQ
TotroBeTeiTal e TAY TTAPAKAUTITAPIOS CWARVAG O OTT0I0G KATAANYEI OTO SiKTUO
ATTOXETEUONG TOU EpyaoTnpiou (oxNua 2.6). To ouoTnua autd £xel OKOTTO va
QTTOMAKPUVEI TO VEPO TOu BIKTUOU TPOoPodoaiag TNG GAEPAS, HEXPIGC OTOU N
BepoKpaTia Tou ATTOKTHOEI OTABEPNA TIUA TTPIV TNV €i0000 0TO CWArRva PVC.
TOTE O TTAPAKAUTITAPIOS CWARVAG ATTOUOVWVETAI e BAvVa Kal TO VEPO AQPrVETAI
va pEel TTPOG TN CUOKEUR dnpioupyiag TG QAERAC.

To BeppooToixeio Taxeiog amokpiong PT100 ival TUTToU TTAATIVAG UE avTioTaoN
100 Q oToug 0 °C. AU&non Tng Beppokpaaiag auvettdyeTtal alénon Tng
avtiotaong Tou BeppooTolxeiou. O AUEOPEIWTEIS TNG BEpOAVTIOTOONG
METATPETTOVTAI O€ NAEKTPIKO OO KAl KATAYPAPOVTAl WNPIOKA 0€ NAEKTPOVIKO
KATAYPaQIKO 6pyavo. H puBuion Tou €yive pe UBATTTION TNG BEppoavTioTaong
o€ vepO yia dIaPOPETIKES BepUOKPaTie. H KauTTUAn puBuiong Tou
BepOOTOIXEIOU TTPOKUTITEI ATTO THV £EiCWOnN:
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T= - (2.1)
—0.5(R0A+\/R20A2 —4R,B(R, _TO))
E

oTTou:

le = 1 mA 1Ny o1aBepou peUATOC.
A=39x10°

B =-5.80195 x 107

Ro = 100 Q.

Vo = Tdon ota akpa Tou PT100.

Eicodog

Beppol vepou

O¢gppoavTiotaon PT100

)

jet plenum aTTOXETEUCN

|

ZxAua 2.6(a) Zxnuartikn atreikévion Asiroupyiag TAY ouvdeong
TTAPOKAUTITAPIOU CWANVA KAl CUOKEUNG TPOPODOUTiag
NG PAEBAG e TO dikTUO.
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ZxAua 2.6(b) TAY ouvdeong TTAPAKAUTITHPIOU CWARVA KAl CUOKEUNG
TPo@odoaiag TNG PAEBAG pe To diKTUO. AlaKpiveTal TO
BepoOTOIXEIO TAXEIOG ATTOKPIONG.

2.1.6 ZuoTolxia TTEVTE aiIoOnNTAPpWYV TaxEiag atroékpiong (thermistors). MNa
TN LETPNON TNG BEpOKPaTiag TNG @AEBAC XpNOILOTTOINONKE WIa cuaTolxia aTrd
thermistors (oxAua 2.7 kai 2.8). O aioOntpag Taxeiag ammoékpiong (thermistor)
gival puviatoupa raxoug Trepitrou 0.2 mm TTou dIaBETEl avTioTaon
KATOOKEUAOUEVN aTTd 0&eidia PeTAANOU (ViIKEAIOU, KOBaATIOU, TITAvioU K.q.) TTOU
epIBGAAeTal atrd yuahi. Otav BpiokeTal péoa ato TTedio PORG EVOG pEUCTOU,
TOTE N AVTIOTAON TOU QUEOUEIWVETAI avAAoya E TN BEPUOKPATIa TOU PEUCTOU.
O1 augopelwaoelg TNG avTioTaong TTPOKAAOUV HETAROAEG OTO OUVAUIKG OTO
NAEKTPIKO KUKAWA TOu thermistor TTou Kataypa@ovTal Yn@iakd pe UTTOAOYIOTH
Kal TO KATAAANAO Aoyiouiké delypaToAnyiag.

O1 thermistors P20BA103J 1ToU XpnOILOTTOINONKAV €ival KATOOKEUAOUEVOI ATTO
Tnv Thermometrics Inc., T0TTou NTC (Negative Temperature Coefficient) Trou
onpaivel 0T 600 au&dveTal n Bepokpaacia, n avTtioTaor] Tou pelwveral. H
OVOHOOTIKN Toug avTioTaon atoug 25 °C eival 10 KQ pe opaAua 5%. H oxéon
avtioTaong Beppokpaaciag givai:

Tk= !
(a+b(InRt)+c(InRt)*)

(2.2)
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EVW 01 0TaBePEG TTOU didovTal ATTO TOV KATAOKEUQOTH €ival:

a=7.587x10*
b =2.808 x 10
c=8.827x10™*

H amrdkpion Tou Tapatrdvw BepUicTopa ETTITPETTEI ONUEIOKT HETPNON TNG
Beppokpaciag pe ouxvotnTa £wg Kal 100 Hz. Adyw Tou o@AApaTog otnv
avtiotaon Twv thermistors €ival amrapaitnTo va yivel puBuion (calibration). H
dladikagoia TnNG pUBIoNG yivetal pe UBATITION Twyv thermistors o€ vepo, n
BepUOKPOTia TOU OTTOIOU PETPATAI E AVAAOYIKO BEPUOUETPO, KAl CUYKPION TWV
evOEICEWV AUTWV WE TIC YNQPIAKES. PUBIoN eTTiong TTPETTEN va YiveETal KAl O€
TAKTA XPOVIKA dIa0TAUATA KABWG YE TNV TTAPOOO Tou XpOvou ol thermistors
TTaPoUCIdlouv HoVIHO o@AApa KaBwG 0Tn oxéon avTioTaong - Bepuokpaciag
eMpavieTal évag otaBepdg ouvteAeoTAG (drift ) offset).

Na TIG avAyKeg Tou TTEIPAUATOG XPNOIYoTToINenKkav TTévTe thermistors ol oTToiol
TTpocapudoTNKAV o€ Hia uttodoxr atd plexiglass kal TOTTo8eTABNKaV CEIPIaKd
Kal o€ amréoTaocn 1 cm peTagu Toug. To KABe thermistor €x€l TTPOCAPHOOCTEI OTO
AKpPOo avo&eidwTou oTeyavoTroinuévou cwAnva diapétpou 2.5 mm kal pikoug 50
mm, TToU €x&l OUYKOANBei oe cwArva diapéTpou 5 mm kal pikoug 50 mm. Atré
T0 GAAO GKPO TOU CWARVa dIAaPETPoU 5 mm e¢EpYETAl TO KOAWDIO CUVOECNG TO
oTroio KataAyel pe ouvdeouo BNC o€ TepUATIKO KOUTI TOU TTPOEVIOXUTH (OXAUa
2.9), TO OTTOIO M€ TN O€IPA TOU CUVOEETAI UE KAPTA DEIYUATOANWIAG
AT-MIO-16E-10 1ng National Instruments TTou PETATPETTEI TO AVAAOYIKO OfUa O€
wneiako (oxnua 2.10). H tpogodocia Tdong Twv thermistors yiveral armo
TPo@PodOTIKO DC peupatog Tdoewg 10 mV (oxrniua 2.11).

ZxAua 2.7 Thermistors.
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ZxAua 2.8 Thermistors.

ZxAua 2.9 MNpoevioxuThg onpaTog thermistors kai Kataypa@ikd OeppoKpaciag
€10000uU.
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ZxAua 2.10 Metatpotréag avaloyikou orfpaTtog thermistors o€ yn@Iako.

ZxAua 2.11 Tpo@odoTikd TAONG TG CUCTOIXIAg Twv thermistors.

2.1.7 Mnxavikég Bpaxiovag yia Tnv pLETaKivnon Twv thermistors. MNpokeiTai
yia Bpaxiova pAkoug 1 m kai KOiAng TETPAaywVIKAG Siatoprg 1x1 cm? o oTroiog
€ival KaTaokeuaopévog aTrd avoeidwTo XaAuBa. Tnv dkpn Tou Bpaxiova €xel
TOTT00€TNOEI N BAON ETTAVW OTNV OTToIA €ival OTEPEWMEVOI Ol thermistors (oxAua
2.12). O Bpaxiovag e@appolel ETTAVW O€ Hia TTAQOTIKN ETTIQAVEI UE TPOTTO WOTE
VO UTTOPEI VO PETOKIVEITAI KATOKOPUQPA KAl VO OTEPEWVETAI OTO ETTIOUUNTO UYWOG
pe Tn BonBeia evog KoxAia. H TTAaoTikr em@aveia edpddleTal TTAVW o€ Hia
TpaBépoa n otroia avapTatal oTn oTeQAvVN TNG OECAUEVNG, TTAPAAANAQ LE TO
oUuoTNUa avapTnong Tou aKpo@uaiou, Kal £XEl TRV duvATOTATA VA LETAKIVEITAI
0e€Ia ka1 apioTepd. Me Tov TPOTTO AUTO o1 thermistors propouv va PETakivnouv
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O€ OTTOIOdNTTOTE ONEIO TOU ETTITTEOOU OTO OTTOIO AVIKEI 0 Agovag TNG GAERAG.
2710 Bpaxiova kal TNV TpaBépoa £xel TOTTOBETNOEI faBUOVOUNCON UAKOUG WOTE va
€Ival EQIKTOG 0 TTPOCdIOPICHUOG TNG ATTOOTAONG ATTO TOV Agova Kal Tou BAaBoug
TTOU £x€&I TOTTOBETNOEI N cuoToIXia Twyv thermistors.

ZxAua 2.12 Mnxavikdg Bpaxiovag.

2.1.8 HAekTpovikOg uttoAoyioThg. O H/Y 1Tou xpnoigoTroigital yia Tnv
Kataypa@n Twv dedopévwy eival évag Pentium 1l pe Aeitoupyikd cuoTnpua
Windows XP (oxAiua 2.13). Ztov H/Y €ival eykateoTnévo To AoyIoMIKO Lab
View® 1n¢ National Instruments 6TTou yiveTal n Kataypagr Kai aTToBAKEUON TWV
evoeitewv Twv thermistors kaBwg Kail N €TTEEEPyATia TWV ATTOTEAETUATWV.
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ZxAua 2.13 HAeKTPOVIKOG UTTOAOYIOTHG Kal TPOPODOTIKG TAoNG Twv thermistors.

2.1.9 ZioTnua @WTICOU Kal OTITIKOTTroinong TnG YAéRag. Na tnv
OTITIKOTTOINGN TNG QAEBAC XPNOIUOTTOIEITAI £VaG TTPOBOAEAC CUYKEVTPWTIKNG
0éoung (oxAuUa 2.15) o oTroiog ToTToBETEITAI O ATTOOTACN TTEPITTOU 5 M aTTd TNV
EUTTPOCOIO TTAEUPG TNG BECapEVAG. ZTNV avTIOETN TTAEUPA TOTTOBETEITAI
NISIOPAVESG XAPTi £T01 WOTE va TTPORAAAETAI TO OKIAYPAPNUA TG QAERAS TTOU
TTPOEPXETAI OTTO TN HETABOAR S1EUBUVONG TWV OKTIVWYV QWTOG UE TN LETABOAR
TOU O¢€ikTn dIABAaONG O0TO TTEDIO PONG TNG GAERAG AOYW TOTTIKWY TTUKVOUETPIKWV
dlagopwv. O TpoadlopIoudS TNG aTTdéoTAcNS ATTO TO AKPOPUOIO OToV Afova TNG
QAEPOG yiveTal OTTWG QaiveTal OTO OXNMa 2.14. 310 dlapaveég XapTi eppavifovTal
duo kavapol, o kavapog TN oTtrioBiag TTAeUpdg Kai n TTPOROAN Tou KavaBou TnG
EUTTPOOOIOG TTAEUPAS TNG BECAUEVNAG.

Edv 1o TTAGTOG TNG deCapevig gival B kal n amméoTaon Tou TTPoBoAéa atrd TV
EUTTPOCOIO TTAEUPG ival L, TOTE n diIdoTaCoN avAPECa o€ BUO DIOBOXIKES
YPOUMEG TOU KavaBou TTou TTpoBaAAsTal gival (L+B)/L. H TpooAr} Tou opiou TnG
QAEBAG TTPOKUTITEI gav TO NIGBpoIoUa TNG TTPOBOARG O0€ OXEON UE TOUG dUO
Kavapoug. Oa TpETTEl WS va An@Bei utr' dyn Kal N KAUTTUAWGN TNG OKTIVOG
PWTOC HEoa aTo vePO, AOyw aAAayrg Tou &eiktn dIABAaoNG, yia TNV KTipnon
TOU OQAALATOG OTN HETPNON. ATTO TPIYWVIKI OHOIOTNTA TTPOKUTTTEI OTI
01=5(L+B)/B kai n TpofoAr Tou onueiou A (oplakn ypaupr TN @AERAC) eival To
Onpeio A' TOU OTTOIOU Ol CUVTETAYUEVEG WG TTPOG Ta cuoTAaTa Ky kai K'y' gival
KA' kai K'A", T0 nudbpoiopa Twyv otroiwyv didel Tnv atrdAuTtn o1dBun tou A. Ol
Kavapol £xouv opICOVTIO ETTITTEDO CUMUETPIAC WOTE av TTPORAAAETAI OpIfOVTIA
OTTOIOONATTOTE ONEIO TO VOGS 0TO AGAAO Ba cuuTTéTEl o€ onpeio Ye Tnv idia
TETAYUEVN.
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A
\ 4
A
v

B L

ZxAua 2.14 MNpoBoAr opiwv TNG AERaAG.

ZxAua 2.15 MNpoBoAéag OUYKEVTPWTIKAG BETHNG

2.2 PuUOuion podueTpwy. Ta poduetpa ival Ta 6pyava pubuions Tng
TTaPOXNG TNG PAERAG. ATToTEAOUVTAI ATTO £vav KATAKOPUPO dlagavn
dlaBabpiopuévo cwAAva HECa OTOV OTTOIO KIVEITAI (ia LETAANIKA o@aipa. H
oQaipa, avaloya He TNV €I0EpXOUEVN TTapoXN (BuVAUIKY avwaon),
OTABEPOTTOIEITAI OTNV EKAOTOTE OTABUN. H pUBLICON TWV POOUETPWYV YIVETAI PIE
TNV £¢NG dladikaaia: AQou ol CWARVEG Tou DIKTUOU TTANPwOOUV E VEPD, WOTE
va atmo@euxBei 0 eykKAWRIoUSS QuoaAidwy aépa, TOTE TTPOCdIdETAI TTAPOXN OTO
QIKTUO KaI OTOBEPOTTOIEITAI N EVOEIEN TOU POOUETPOU O€ Ui KOBOPIOHEVN TIUA.
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2Tn CUVEXEID TO VEPO TTOU €KPEEl aTTO TNV £€000 TNG YPAEBAG CUAAEYETAI O€E Evav
KA®O yia XPOVIKO dIGoTnUa TTEPITTOU VOGS AeTTTOU. Me Tn BorBEIa OYKOUETPIKWV
doxEiwV UTTOAOYICETAI O OYKOG TOU VEPOU TTOU £XEI CUYKEVTPWOEI KAl E YVWOTO
TO XPOVO TTPOKUTITEI N TTPAYUATIKI) TTAPOXN:

Q= % (2.3)

H diadikaoia autr] yiveTal yia KaBe £vOeEIEN TOU POOLIETPOU KAl yia KABE POOUETPO
EexwploTd. Ta atmoTeAéopaTa TTAPIOTAVOVTAl O€ €va DIAYPOUUO LETPHOEWV -
evOeiCewv Kal TTpoodlopileTal n euBeia Twv EAAXIOTWY TETPAYWVWYV TTOU CUVOEEI
YPOUMIKA TNV €vOeIEn F TOU POOUETPOU HE TNV HETPOUUEVN TTapoxn Q. H
e€iowaon TnG eubeiag atroTeAei Kal TNV £€icwaon puBUIoNG Tou podueTpou. Ta
armmoTeAéOUATA QaivovTal OTA TTAPOKATW dIayPAUMATA.

(Mapatipnon: n TpwTn OTAAN BEiXVEl TNV EVOEIEN TOU POOUETPOU, N BEUTEPN
gival o xpOvog utToAoyIopoU TNG TTAPOXNAG, N TPITN €ival O HETPOUPEVOS OYKOG
VEPOU, N TETAPTN €ival N LETPOUUEVN TTAPOXN, N TTEUTTTN €ival n dlopBwpévn
TTapoxr ato TNV £€icwaon pUBUICNG TOU POOUETPOU Kal N €KTN €ival TO OPAAUaA
o€ KB EvdeIgn).
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Podouetpo A
‘Evdeign poodpetpou Xpoévog Métpnon Mapoxn Q #&%%extzuévn ZPAaApa
com
(I/sec) (sec) (ml) (ml/sec) (ml/sec) AQ/Q
0.06 60 97 1.62 1.62 -0.003
0.10 60 145 242 2.35 0.030
0.15 60 203 3.38 3.25 0.040
0.20 60 243 4.05 4.15 -0.025
0.25 60 297 4.95 5.06 -0.022
0.30 60 354 5.90 5.96 -0.010
0.35 60 414 6.90 6.87 0.005
0.40 60 463 7.72 7.77 -0.007
0.45 60 522 8.70 8.67 0.003
0.50 60 579 9.65 9.58 0.008
0.55 60 630 10.50 10.48 0.002
Podépuetpo A
12,000
10,000 & Seriesl
— —— Linear (Series1)
9 8,000 |
@
% 6,000 y = 18,08 + 0,537
X R2 = 0,999
S 4,000 |
=
2,000 e
0,000 T T T
0,00 0,10 0,20 0,30 0,40 0,50 0,60
‘Evdeién (I/sec)

H eCiowon puBuiong Tou podpuetpou eivar y = 18.08x + 0.537
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Poépuerpo B
‘Evdeign poodpetpou Xpoévog Métpnon Mapoxn Q #&%%extzuévn ZPAaApa
com
(I/sec) (sec) (ml) (ml/sec) (ml/sec) AQ/Q
0.20 60 281 4.68 5.07 -0.083
0.40 60 532 8.87 8.67 0.022
0.60 60 731 12.18 12.27 -0.007
0.80 60 938 15.63 15.88 -0.016
1.00 60 1194 19.90 19.48 0.021
1.20 60 1407 23.45 23.08 0.016
1.40 60 1610 26.83 26.68 0.006
1.60 60 1834 30.57 30.28 0.009
1.80 60 2012 33.53 33.89 -0.011
2.00 60 2233 37.22 37.49 -0.007
Pooépuetpo B
40,000
35,000 -
30,000
g
» 25,000 - & Seriesl
E L .
; 20,000 Linear (Series1)
>
3 15,000 -
c y = 18,01x + 1,468
10,000 - R2 = 0,999
5,000 - //
0,000
0,00 0,50 1,00 1,50 2,00 2,50
‘Evdei§n (I/sec)

H eCiowon puBuiong Tou poduetpou ivary = 18.01x + 1.468
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Podouetpo I
‘Evdeign poodpetpou Xpoévog Métpnon Mapoxn Q #&%%extzuévn ZPAaApa
com
(I/sec) (sec) (ml) (ml/sec) (ml/sec) AQ/Q
2.00 60 2224 37.07 38.67 -0.043
3.00 60 3417 56.95 56.28 0.012
4.00 60 4424 73.73 73.89 -0.002
5.00 60 5529 92.15 91.50 0.007
6.00 60 6506 108.43 109.11 -0.006
7.00 60 7716 128.60 126.72 0.015
8.00 60 8802 146.70 144.33 0.016
9.00 60 9689 161.48 161.94 -0.003
10.00 60 10641 177.35 179.55 -0.012
Poépetpo I'
200,000
180,000
160,000 ’/0/‘
. 140,000
3 120.000 / & Seriesl
& ’
T 100.000 / Linear (Series1)
% 80,000 //
§ 60,000
40,000 / y = 17,619x + 3,4513
20,000 R® = 0,999
0,000 T T T T
0,00 2,00 4,00 6,00 8,00 10,00 12,00

‘Evdeién (I/sec)

H eCiowon puBuiong Tou podueTpou eivary = 17.619x + 3.4513
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2.3 MNeipapartiki diadikacia

H die€aywyn evog TUTTIKOU TTEIPAUATOC TTEPIAaUBAvEl TN dladikaaoia TTou
akoAouBei. Kar' apydg yivetal pia Trpoxelpn KTipnon Tou BaBoug oTo otToio Ba
yivouv ol petpoeig. Me dedopévn Tn SIGUETPO TOU OKPOPUTIOU Kal TNV TTAPOX
(ka1 BouAnon) yiveTal pia TTPOXEIPN EKTIUNON TNG BEPUOKPATiIiOg TOU VEPOU OTO
Beppocipwva Kal Tou vepou oTn degapevr). Ta oToixeia autd emMTPETTOUV TOV
UTTOAOYIOHO TWV dUO KAIHAKWY HNKWV lg Kai Iy KaBwg Kai Tou apxikou apiBpou
Richardson Ry. O TeAeuTaiog eAEyxeTal €dv gival avapeoa ota eTOUUNTA OpIa
(LkpdTEPOG TOU 0.2) Kal MAEYETAI N ATTOOTACN (O€ CUVAPTNON Tou ly) TTou Ba
TO0TT00£TNOOUV 01 thermistors. BéBaia katd n didpkeia Tou TTEIPAPATOS
HETPWVTAI Ol TIPAYUATIKEG BEPUOKPATIEG VEPOU TNG PAEBAG KAl TOU ATTOOEKTN,
OTTOTE YiVETAI EK VEOU UTTOAOYIOUOG TWV lg, Im KOl Ro KOl OUVETTWG d16pBwon TNG
Béong Twv thermistors. MNpPoKeIHEVOU va UTTAPXOUV CUVONKEG TTANPOUG
QVETTTUYMEVNG PONG, TO BABOC LETPAOEWV gival TTPOTILOTEPO VA BPIOKETAI O€
amméoTaon HeyaAuTepn TwV 20 JIGUETPWY ATTO TO AKPOPUOIO.

"epiCoupe TO Beppooipwva e vepd Kal TO BepUaivoupe o€ Beppokpaaia TNG
Taewg TwV 55~65 °C. Tautdxpova yepiloupe Tn de€apevr] pe Kabapd vepd £wg
€va OUYKEKPILEVO UYog (N degapevn Ogv diabETel utrepxeilion). Evvoeital 0TI n
degapevn €xel TTAUBET TNV TTPONYOUUEVN NUEPQ Kal DIOTNPEITAI OKETTACUEVN UE
VAUAOV WOTE VA PNV EI0XWPAOOUV alwpoupeva ocwparidla. MNpiv Tnv évapén Twv
TTEIPAUATWY TO vEPO 0TN deCapev TTPETTEI va BPIioKETAI 0€ KATAOTOON NEEUIOG.
OTav 10 vepd 0TO BeppoTipwva TACEI OTNV ETTIBUUNTA BEppoKpaTia TOTE
OIOKOTITOUUE TNV TTAPOXI PEUUATOG KAl EVEPYOTTOIOUNE TNV TTAPOXN
TTEMEOUEVOU aépa (2 atm). Avoiyoupe OAEG TIG BAVEG TOU CUCTHATOG EKTOG ATTO
TIG BAVEG TNG CUOKEUNG dnuIoupyiag TNG GAERAG Kal Twv dUO POOUETPWY TTOU
dev xpnolpoTTolouvTal (0€ KABE TTEipapa XpNOIUOTTOIEITAI UOVO £va POOUETPO).
To Bepuod vePO dIATPEXEI TO KUKAWLO KAl DIOXETEUETAI OTNV ATTOXETEUON HECW
TOU TTOPAKAUTITHPIOU CWARva. Tautdxpova TTapakoAouBoupe Tn Bepuokpaacia
TOU VEPOU OTNV €i0000 TNG OUOKEUNG dnpioupyiag Tng AERaAs (CwARva atro
PVC), amé tnv €vdeign Tng 086vng ¢ Bepuoavtiotaong PT100. Otav n
Beppokpacia otaBepotroinBei, AapBaverar pia HETpnon tnG BepUoKpaciog Tou
vepou oTn degapevr) (ambient temperature) kai ev ouvexeia KAgivel n Bava Tou
TTAOPAKAUTITAPIOU aywyou Kal avoiyel N BAva TnNG OUOKEUNG dnuioupyiag 1ng
PAEPaC.

Na TNV OTITIKOTTOINGN TNG PONS TNG GAEPAG YiveTal CUOKATION TOU EpyacTnpiou
KOl EVEPYOTTOIOUE TOV TTPOBOAEA CUYKEVTPWTIKNG dETUNG. ‘ETOI gival duvaTh n
aTTeIKOVION TOU OKIAypa@nuaTog TNG QAERAG eTTAvVW OTO NUIBIAPAVES XAPTi TTOU
gival TTIPOCAPUOCHEVO OTNV aTTEVAVTI TTAEUPA TNG degapevig. H QAEBa diayéeTal
HECA OTOV ATTOOEKTN HEXPI TO HEYIOTO BABOG Zmax. TO HEYIOTO aUTO BABOC, o€
TTeIpdpata pe Bepuod vepo, Oev ival duvato va TTPoodloploTei. AuTd cupBaivel
AOGYW TOU yeyovoTOog OTI, HE TNV £vapén TOU TTEIPANATOG, TO BEPUO vEPO EKTOTTICEI
oTadIOKA TO YUXPO vePO Tou BaAdpou NG GAEBag. H @AEBa eTTopEVWG apXIKA
OUMTTEPIPEPETAI OAV OTTAN, EVW OTAV TO vEPO Tou BaAdpou TG PAERAg
ATTOKTACEI HEYIOTN BEpUOKpaTia (LOVIUN POF) CUUTTEPIPEPETAI OAV GAERA PE
apvnTikA dvwon. Eteidn Aoimmév n eAERa BpiokeTal o peTdpaon atrd atrAn o€
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TTAPWG AVWOTIKA HE apvnTIKI avworn (transient state), dieicduel PEXPI TOV
TTUBpéVa TNG DECAMEVNG XWPIG va gival SBuvATOG O UTTOAOYIOUOG TOU Zmax. MOAIG
TTPOOKpPOUCEl oToV TTUBUEVA, N PAEBa akoAouBei avodikr TTopeia HEXpI va
otaBepotroindei oto BaBOG zs (steady state).

2TN CUVEXEID LETOKIVOUUE TOV Bpayiova TTAvw OTOV OTTOIO Eival
TTpocappoopévol ol thermistors. MNpoadiopideTal oTITIKA TO aApIoTEPO OPIO TNG
QAEPOAG ETTAVW OTO OKIAYPAPNUA KAl LETAKIVEITAI O Bpayiovag €101 WOTE TO
TTpwTo thermistor va Bpioketal TTANCiov Tou dkpou. AapBaveTal pia ogipd
HMETPAOEWYV BEPUOKPATIOG OE TTEVTE ICATTEXOVTA ava 1cm onueia Kal €V ouvexEia
0 Bpaxiovag PETAKIVEITAI KATA 5 ekaTOOTA OECIA OTTOU AapBAveTal Kalvoupia
ocIpd peTpriocwyv. Me Tov TpATTO AUTO YiveTAl KATAYPOPN UETPHOEWY
Beppokpaciag, ava £va eKATooTo, ETTAVW O€ Hia OlIaTOUN KABeTN aTov dgova Tng
QAEPAG TTOU KAAUTTTEI OAOKANPO TO TTAATOG TNG. Z€ OPIoUEVA TTEIPANATA, OTNV
TTEPIOXT) TOU Agova TNG PAEBAG, N HETAKiVON Tou Bpaxiova £yive ava pood
EKATOOTO WOTE VO ANPBoUV TTEPIOTOTEPA dESOPEVA OTNV TTEPIOXT AUTH.

MeTd TO TTEPAG TWV HETPAOEWV KAEIVOUV OAEG OI BAVEG TOU CUCTHATOS KOBWG
Kal N TTapOoXr) TOU TTETTIEOUEVOU a€pa, YIVETAI ECAEPWOT TOU BEPHOTiPWVA Kal
ETTAVATTIAAPWOT) TOU HE VEPO. H BEEAUEVT EKKEVWOVETAI EXPI TO TTPOKABOPIOUEVO
UYOog Kal OTrn OUVEXEID TO VEPO avadEUETAI WOTE VA UTTAPXEI OHLOYEVOTTOINON
TWV QUOIKWV I0I0TATWY Tou. To vepd agrveTal va NnPEUAOE! yia KATTOIO XPOVIKO
d1doTnua Kal akoAouBei kaivouplo Treipapa. Eav dev trpokeiTal va
TTpaypHaToTToINOEI AAAO TTEipApA, TOTE N BECAUEVH) EKKEVWVETAI TTANPWG, TTAEVETAI
Kal okKeTTAeTal pe vauAov. OTav n degapevr) ival Adeia To akpoPuoio
epparrTiCeTal o€ TAAOTIKO doXEio YEUATO VEPD WOTE VA NV EICXWPEAOEI AEPaAg
HEoQ OTO CWANVa TPoPodOTiag Tou.

2.4 Merpnoeig Bepokpaciag e thermistors

H kataypa@r Twv onUEIOKWY PETPAOEWY TNG Beppokpaaiag yivetal og H/Y pe 10
mpoypappa LabView® Tng National Instruments. To avaloyiké orfpa (Volts)
METATPETTETAI ATTO TNV KAPTA SEIYUOTOANWIAS O€ WnPIoKO HE TNV Hopen
Xpovooelpdg kal on-line puBuiong og °C. Mg To TTapatdvw TPoypappa
delyparoAnyiag pag didetal N duvatdTnTa £MAOYHGS EUPoUS dIOKUAVONG TNG
Beppokpaciag KabBwg TTioNg TNG OUXVOTNTAG KAl TOU XPOVOU OEIlyUaTOANYIaG.
21NV 006vn gppavifovral ol evoeigelgc OAwV Twv thermistors TTou givai
ouvOEedEPEVOI OTNV KAPTA dElypaToAnyiag (0 HEYIOTOG aplBUOg thermistors TTou
pTTOpEl Va €EUTTNPETNOOUYV gival 8), KABE Hia pe dIaPOPETIKO Xpwua. Exoupe
TTPOYPAHATIOE! dUO ETTIAOYEG YA TO XPOVO BEIYHATOANWIAG: N TTPWTN YIA
delypaTtoAnyia 11" a0PIOTOV TTOU BIAKOTITOUUE KOTA BoUAnon Kai n deUTeEPN YIQ
delypatoAnyia dIAPKEIOG OUYKEKPIEVOU XpOvou. Ta atroTeEAEopaTa
aTTOBNKEUOVTAI OE APXEIa HOPYPNG *.IXt KAl N ovopacia Toug yiveTal HECa ATTo TO
TTPOYPAUA.

2T TTEIPANATA TTOU £yIvav, N ouxvoTNTA OEIYHATOANWIOG YIa LETPAOEIG
Beppokpaciag TNG QAERag nTav 80 petpriocig/sec yia 40 sec evw N KETPNON
Beppokpaciag Tou atmodEkTn RTav didpkelag 10 sec. ZUVETTWG Ol XPOVOOEIPEG
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Beppokpaciag TTou TTPoEKUTITAV gixav pHEyeBog 3200 kai 800 dedopévwy yia Tov
atrodEKTN Kal TN QAEBa avTioToIxa.

2.5 [MMepiypa@n TUTTIKOU TTEIPALATOG

2TIG TTAPAYPAPOUG TTOU OKOAOUBOUV Ba yivel TTEPIypA@r) EVOG TTEIPAPATOS TTOU
TTpaypaToTroINOnke oTig 25/10/2007. O1 apXIKEG CUVBNKES TOU TTEIPAUATOG ATAV:
AidueTpog akpouaiou: D=0.75cm.

Mapoxn: Q=1.6 I/min.

ATtréoTaon dl1aTouNG HETPNONG ATTO TO AKPOPUOI0: z=26.50 cm (x1.50 ly).
ApXIKG PETPABNKE n Beppokpaaia Tou TTEPIBAAAOVTOG vepOoU. O HEocog 6pog TWV
evdeifewv Twv thermistors ATav T,=22.6 °C. Z1n ouvéxela dIOXETEUTNKE BEPUO
VEPO OTO KUKAWA, N TTAPOXH TOU oTToiou puBuideTal atrd Tnv Bava akpipeiag
oT1a 1.6 I/min. H Beppokpacia Tou I0EPXOEVOU VEPOU OTABEPOTTOINBNKE OTOUG
53 °C omdre kai avoiape Tn Bava Tpoodoaiag TS PAERAC.

H QAEBa apxIkG cupTTEPIQPEPETAI Oav OTTAN (transient) £wg GTOU TTPOCKPOUCEI
oTOV TTUBUEVA TNG OECAUEVAG. 2T OUVEXEIA, UTTO TNV ETTIOPACT TNG APVNTIKAG
Avwong, N QAEBA EKTPETTETAI TTPOG TA TTAVW, TTEPIBAAAOVTAG TNV KATEPXOUEVN
por], £wg O0Tou TTEPIEABEI o€ KaTtdoTaon poviung diaitag (steady state). To Ba6og
otabepoTroinong nrav ota 44.5 cm atmod 10 akpoPuaolo. Me dedopévn Tn
Beppokpacia Tou vepou TNG GAEBAG Kal Tou TTEPIBAAAOVTOG, TNV TTAPOXK KAl TN
OIAUETPO TOU aKPOYUOiou utToAoyifovTal N TTUKVOTATA VEPOU PAERAS po = 0.986
gr/cm® n TTUKVOTNTA vEPOU aTrodékTn P2=0.997 gricm? (oxApa 2.16), n TaxuTnTa
vepoU TNS PAéBag W=68.55 cm/sec, n avwoTIKN emMTaxuvon g'o=10.65 cm/sec?,
Kal TO KIVNUATIKS 1EWSES v=0.00534 cm?/sec. ATTé Ta peyEdn autd
utroAoyioTnkav n oppn TS PAERac M=2075.94 cm?*/sec?, n dvwon B=322.46
cm®/sec® kai o apIBudg Reynolds Re=9634 (TupBwSnG pory). MPoKUTITEl AOITTOV
0TI 1o=0.665 cm, Iy=17.127 cm kai Ry=0.039.

MOAIG N @AEBa TTEPINABE o€ KaTAoTOON MOVIUNG diaITag EEKivnoav ol LETPHOEIG
TwV Beppokpaciwy. O1 thermistors ToTTo0eTBNKAV OTO £TTIOUUNTO BABOG
(1.50ly) ka1 oTo ApPIoTEPO OPI0 TNG PAEBAG OTTOU Kal £YIVE N TTPWTN
delyparoAnyia ota 80 Hz yia 40 sec. 2Tn ouvéxela o Bpaxiovag LETAKIVAONKE
Katd 5 cm o11oU £yive n deUTEPN delypaToAnwia. ZuvoAikd éyivav 5
delyparoAnyieg dnAadr PeTpABNKav Beppokpaacicg o€ 25 onueia TTOU I0ATTEXOUV
METAEU TOUG 1 cm €TTAvw o€ évav agova PAKOUG 25 cm o oTT0iog PPioKETAI O€
Katakopu@n ammooTtaon 1.50ly atrd 10 akpouolo. Ta ammoteAéopaTa
KATAYPAQPOVTAI [E TN LOPPT) XPOVOOEIPWY Kal ETTECEPYALOVTAI O€ UTTOAOYIOTIKA
QUAAa epyaoiag (spreadsheet). To TTpo@iA Twv adiGOTATWY BEPLOKPATIWY TTOU
utToAOoyioTNKAV QaiveTal 01O OXNAMa 2.17.
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MukvéTnTa vEPOU

1005
5 1000 —
a 995 \‘
2 990 —
c T
& 985 - \
2
£ 980 NN
|

975

0 10 20 30 40 50 60 70
Ogppokpagia T (°C)

ZxAua 2.16 MukvoTtnta vepou
(Table from CRC Handbook of Chemistry and Physics)

MpogiA Bgpokpaciwyv (Treipapa 25/10/2007(3))

U,OOV
—_ 7,000 l-f-
O |
< 6,000
¥ "m = A ATmean
~S -5‘999_“ A [ ]
g n® Al A oT
< s 24000 — =
3 a" A m ATmax
a at 3,000 -
< i . x ATmin
] £,000Q,
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Op1gévTia amréoTaon x (cm)

ZxAua 2.17 MNpo@iA BepoKpacIwV.
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3. ATNOTEAEZMATA

3.1 Emeepyacia dedopévwv

Mpaypartotroindnkav capdavTa £€1 TTEIPAUATA ATTO T OTTOIa TTPOEKUWAY I0GPIOU
dlaypdupara Beppokpaciog Kal Evraons TUppng. O1 TTeEPIcTOTEPES UETPAOEIG
TTpayparoTroidnkav o€ katakopuen atréotaon 0.25ly<z<2ly ammd 1o akpopuolo.
‘Eyivav Opw¢ HETPAOEIG Kal 0T 0TABN £€600U TOU aKPOPUOiou KaBWG Kal TNV
TTepIoxr avavtn autou. O1 apiBuoi Reynolds petaaAAovTav aTnv TTEPIOXT)
5500<Re<17500 evw o apiBuog Richardson otnv mrepioxr 0.01<R(<0.157. Ol
Beppokpaacicg amodEKTn Kal PAERAG peTaBaAAovTav OTIG Treploxég 17 °C<T,<29 °C
Kal 45 °C<T,<73 °C avTioToixa. ATO TIC UETPAOTEIC TTPOEKUYAV XPOVOOTEIPES
Bepuokpaciag yia KABe onueio, atrd TIG OTToiEG UTTOAOYICOVTAI TA OTATIOTIKA HEYEDN
NG TUPRNG O6TTWG N HEON XPOVIKA TIUA TNG BEPUOKPATIag, N HEYIOTN Kal N EAAXIOTN
Beppokpacia kKabBwg Kal n évraon Tng TUpPNng (TUTTIKA atrokAion) (TTivakag 3.1).

Tmean 21.88 22.39 22.03 23.37 23.81
T 1.97 1.65 1.27 1.11 1.28
Tmax 25.10 25.97 24.82 25.96 26.59
Tmin 17.40 17.58 17.80 18.59 17.60

Mivakag 3.1 Mapddelypa UTTOAOYIOUOU OTATIOTIKWY HEYEBWYV aTTO Ta OEBOUEVA TWV

HETPACEWV (Ui OocIpd HETPOEWY YIa KABe thermistor)
(Treipapa 19/11/2007 (4)).

2T1ov TTivaka 3.2 gaivovtal OAa Ta TTEIpApATa TTou TTpaypatoTroinénkav. H
d1GpeTpog D kai n TTapoxn F gival TTpOETTIAEYUEVEG KAl ATTOTEAOUV APXIKEG OUVOAKEG
TV TTEIpapdTwy. AVaAuTIKG o€ K&Be oTrAn avaypdgovTtal Ta e§AG:

2TAAN 1: Huepopnvia diegaywyng Tou TeIpapaTog.

2TAAN 2: Ovopaogoia TTeIpapaTog.

2TAN 3: AIGUETPOG akpouaiou D.

2TAAN 4: Mapoxn F (€vdeign pooueTpou).

2TAN 5: Kartaképuen amméoTacn alobntripwyv atrd eAeUBepn ETIPAVEIQ Zgy,

2TAn 6: KaTtakopugn atméotacn aiodntipwyv amo akpo@uaolo z (To akpo@pualo
atréxel 20.5 cm a1rd TNV eAeUBEPN ETTIQAVEIQ).

2TAAN 7: KaTtakopugn atméotacn aiodnTtripwy amo akpo@uaolo CUVOPTACE! TNG
KAILOKOG Iy.

2TAAN 8: Oepuokpacia TePIBAAAOVTOG vEPOU Ta.

2TNAN 9: Oepuokpacia vepou aTov dgova NG QAERAg To.

2™\AN 10:  Méon Beppokpacia oTov agova TNG QAERAS Tmean (XIS).
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2TAAN 11:
2TAAN 12:
2TAAN 13:
2TAAN 14:
2TAAN 15:

Amoteréollota

‘Evraon tupBng otov agova g AERag rms (axis) = Te.

MéyioTn Beppokpacia oTov agova TNG GAERAS Trhax (axis).
EAdxi0Tn Bepokpacia otov dova TG GAERAGS Tmin (axis).
BaBog oTtabepotroinong zs.

Mpaypatikn Tapoxn Q. H mpaypatik Tapoxr utroAoyiletal BAcel
TWV €EI0WOEWV TTOU TTPOEKUWAV ATTO TNV PUBLICT TWV POOUETPWY
wg:

Q. = 18.08F; + 0.537
Q, = 18.01F, + 1.468
Qs = 17.619F; + 3.4513

21HAN 16: Taxutnta vepou oTtnv £€000 TNG PAERAG:

2TAAN 17:
2T1AAN 18:

2T1AAN 19:

21AAN 20:

2TAANn 21:

2TAAN 22:

2TAAN 23:

2TAAN 24:

4Q
7ZD2

W =

MukvoTNTa VEPOU PAERAG Po.
MukvoTnTa TTEPIBAAAOVTOG VEPOU:

_ —0.0038T% - 0.0689T +1001.1

Pe 1000
AvVWOTIKA €TTITAXUVON:

Pa ~ Po

Po
EidIkA (ava povada palag péovrog peuaTtol) opun (TToodTnTa
Kivnong):

9= 9

M =QW
EidIkn (avd povada padag pEovrog peuaTtol) dvwon:

B="2"gQ=¢,Q

Po

KivnUaTIKO 1EWOEG:

v =0.0225 - 0.0039T *** + (0.0000008T * — 0.00003T + 0.0002)
ApiBu6g Reynolds:

KAipoka prikoug lo:

Q
Q N
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2TAAN 25:

2THAN 26:

2TAAN 27:

2TAAN 28:

2TAAN 29:

21AAN 30:

2TAANn 31:

2TAAN 32:

STAAN 33:

2TAAN 34:

STAAN 35:

STAAN 36:

Amoteréollota

KAipoka prkoug ly:

ApiBuég Richardson:

Alapopd Beppokpaciag GAERAG — ATTOOEKTN:
AT, =T, - T,

‘Evraon TUpBng oTov agova 1ng GAERaG:

T'. = \/%Zn: (T, (axis) — T, (axis))®

Alagpopd Beppokpaaciag otov déova TG PAERAG:
AT, =T ean (AXis) =T,
MéyioTn dlapopd BepoKpaaiag oTov agova NG GAERAG:
max AT, =T, (axis)-T,
EAdxioTn dilagopd Bepuokpaaciag atov déova Tng PAERAG:
min AT, =T, (axis) - T,
AdidoTaTn amréoTaon:

mean
max
min

Zz
L
Apaiwon oTov agova NG PAEBaAc:
s _ATy
© AT,
TOpPn otov d&ova TG PAERaG:
AT,
c T.

c

SI

EAGxioTn apaiwon oTov agova tnG QAEBaAG:
AT,
~ max AT,

min

ApI1Buo6¢ Froude:
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2™\An 37:  KavovikoTtroinuévn péon apaiwon:
Sl
z
21An 38:  AdidoTatn apaiwon otov dfova TG PAEBaAG:
AT, S,
AT.F  Fr

2€ amooTaon z = 2ly ammd T0 aKpoPUCIO OTTOU BPIOKETAI N TTEPIOXH METARAONG TNG
PAEBAG o€ TTAAPWG AVWOTIKN, UTTAPXAV DIAAEIYEIS OTO ONUa TV AIoBNTAPWV
(thermistors) kaBwg utrpgav IKPOUETABOAEG TOU BABOUG OTABEPOTTOINONG Zs.
‘ET01, 6TOV 01 a1IoBNTAPES ATV TOTTOBETNEVOI OTN B€0N QUTH, UTTHPXAV OTIYUEG TTOU
BpiokovTav ekTOG TNG GAERAG Kal KaTéypagav Beppokpaaia TTepIBAANOVTOG vepoU
HE ATTOTEAECHQ VO UTTEICEPXETAI OQAAUA OTNV ETTECEPYATIA TWV HETPOEWV. Na TNV
ATTOQUYN TOU OPAAPATOS QUTOU KATA TNV OTATIOTIKA £TTECEPYATIO TWV UETPHOEWY,
agaipednke n Beppokpacia TePIBAAAOVTOG atrd OAeg TIG peTproelg (oxnua 3.1).
ATTO TNV KaIvoupla XpOovooElipd TTOU TTPOEKUWYE ayvononkav OAeg ol UNOEVIKES Kal

QPVNTIKEG TIUEG.
25
20 )(LA —r=10cm
S 15 /\,\ ( —r=9cm
\=J
4+
— W —r=8cm
I—I 10 JA\J"\.-‘\_
I”WM“LJF\W\ il fml —r=7em
5 -
A W e
0+ T - T
10

20 30 40
Time ()

0

ZxAua 3.1 AlaAgiyelg oto ofjpa Twy thermistors otnv TTEPIOXA Z = 2lv
(Treipapa 25/10/2007 (4)).

O &&ovag Twv peTpriocwy diaipeiTal o€ TOOA OnUEia 6o KAl O LETPAHOEIG TTOU
TTPAYUATOTTOINONKAV, Ta OTToIA I0ATTEXOUV HETAEU Toug 1 cm. Z& KABE £va TETOIO
OnpEio avTioToIXEl pia xpovooelipd Bepuokpaaiag. ATTd kaBe xpovoaoeipd
utToAoyiCovTal n HEoN TIMA, N TUTTIKI ATTOKAION, N EAAXIOTN KAl N MEYIOTN TIKA.
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Kepdato 3 AmotelécaTa

Oepuokpacia TePIBAANOVTOG BewpeiTal N HEON TIUN TwV eVOEiGEwV TOU KABE
alodBnNTAPa LEXwPIOTA yia KABE BEon oTnv oTToia €ival TOTTOBETNUEVOC.

Mpo@il Beplokpaciwyv (Treipapa 24/10/2007(2))

—
@) 7000
3 A
g 6,000| &
o A o ATmean
g_ 5,000
Ol A T
v2 A A
o 4006012
= 400G
vy A o A A ATmax
@ 3,000
g x ATmin
o
S
)
g

-30 -20 -10 0 10 20 30

Opi1gévTia amwéoTaon x (cm)

ZxAua 3.2 MpoiA péong Bepuokpaciag, TUPPNG, KEYIOTNG KAl EAAXIOTNG
Beppokpaciag o€ atréoTaon Iy Katd TTAGTOG Tou Ggova TNG GAERAG
(Treipapa 24/10/2007 (2)).

21N ouvéxela (Trivakag 3.3), uttoAoyifovTal ol dIaQopPEG BEPLOKPATIag
AT . =T —T

mean mean a

T'= \/EZ(Tl _Tmean)z
n i
ATma>< :Tmax _Ta
ATmin :Tmin _Ta
Kal TTpoaAAovTal o€ dlaypApaTa CUVAPTHOEl TNG OPICOVTIAS aTTOoTAONG OTTO TOV
agova NG PAEBag (oxniua 3.2). AkoAouBwg uttoAoyifovtal ol Adyor:

ri/l,
r/z
TI/T, =AT,,.., [ AT,
T/T, =T'/AT,
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Kepdiato 3 AmoteléclaTa

0l OTToi0I aTTOTEAOUV TIG AdIACTATEG EKPPACEIS TNG HEONG BEPOKPATIag Kal TNG
évraong TupPng.

Ta kavovikoTroinuéva diaypaupata 6gppokpaaciag T/T. kal TUpPNg T'/T.
TTPoBA&AAOVTaI CUVAPTAOEI TWV AdIACTATWY ATTOOTACEWV I/ly Kal r/z GTTOoU Tt €ival N
opICovTIa atréoTaon atmmod Tov dfova NG PAERAS Kal z N KaTtakdpuen ammooTach aTrod
TO akpo@uaoio. Ta diaypdupaTta Kartnyoplotroinenkayv, avaloya pe tTnv adliaoTaTn
armrooTtaon Iy, o€ T€ooepig katnyopieg 0.5y, Iu, 1.5lv kal 2ly. Z& k4Bt ypdenua
TTpoBAaAAovTal Ta TTEIPANATA TTOU £X0UV Yivel 0TO ekAoTOTE BAB0G. H KwdikoTroinon
TWV TTEIPAUATWY YIVETAI CULQWVA LE TNV NUEPOUNVIa dIECaYWYNAG KAl TOV augovTa
apIBuo Tou TTEIPApaTOg HEoa o€ TTapEvOeon (O1 apxIKEG OUVOAKES Kal Ta
XOPAKTNPIOTIKA TOU KABE TTEIPAATOG @aivovTal oToV TTivaka 3.2).

X 1 2 3 4 5 6 7 8 9 10
Tmean 21.971 | 22.380 | 22.034 | 23.372 | 23.809 | 24.670 | 24.430 | 23.514 | 22.961 | 20.853
rms 1.879 | 1649 | 1.269 | 1.112 | 1.278 | 2.243 | 2.080 | 1.388 | 2.241 | 2.776

Tmax 25.102 | 25.969 | 24.821 | 25.965 | 26.590 | 27.765 | 27.679 | 26.124 | 26.619 | 25.619

T min 17.440 | 17.581 | 17.801 | 18.592 | 17.602 | 17.440 | 17.452 | 17.446 | 17.444 | 17.449

Ta 17.430 | 17.406 | 17.526 | 17.394 | 17.415 | 17.430 | 17.406 | 17.526 | 17.394 | 17.415
AXis -5 -4 -3 -2 -1 0 1 2 3 4

ATpmean 4541 | 4973 | 4508 | 5978 | 6.394 | 7.240 | 7.023 | 5.988 | 5.567 | 3.438

rms 1879 | 1.649 | 1.269 | 1.112 | 1.278 | 2.243 | 2.080 | 1.388 | 2.241 | 2.776

AT o 7.672 | 8563 | 7.294 | 8571 | 9.175 | 10.335 | 10.273 | 8.598 | 9.225 | 8.204

ATnin 0.009 | 0.175 | 0.275 | 1.198 | 0.187 | 0.009 | 0.046 | -0.080 | 0.050 | 0.034

Iy -0.362 | -0.289 | -0.217 | -0.145 | -0.072 | 0.000 | 0.072 | 0.145 | 0.217 | 0.289
T/T, 0.627 | 0.687 | 0.623 | 0.826 | 0.883 | 1.000 | 0.970 | 0.827 | 0.769 | 0.475
r/ly -0.362 | -0.289 | -0.217 | -0.145 | -0.072 | 0.000 | 0.072 | 0.145 | 0.217 | 0.289
T/T, 0.260 | 0.228 | 0.175 | 0.154 | 0.177 | 0.310 | 0.287 | 0.192 | 0.310 | 0.383
r/'z -0.182 | -0.145 | -0.109 | -0.073 | -0.036 | 0.000 | 0.036 | 0.073 | 0.109 | 0.145
T/T. 0.627 | 0.687 | 0.623 | 0.826 | 0.883 | 1.000 | 0.970 | 0.827 | 0.769 | 0.475
r/'z -0.182 | -0.145 | -0.109 | -0.073 | -0.036 | 0.000 | 0.036 | 0.073 | 0.109 | 0.145
T/T, 0.260 | 0.228 | 0.175 | 0.154 | 0.177 | 0.310 | 0.287 | 0.192 | 0.310 | 0.383
19/11/2007
Zsur = 48 | cm 2lu
z= 275 | cm
F= 1.4 | I/min
Ta= 17.43 | °C
To= 64 | °C
Zs= 53 | cm

Mivakag 3.3 Mapddeypa uTToAOYIOUOU HECWYV BEPUOKPATIWY Kal TUPPBNS KaBwg
Kal Twv adldoTaTwy peyebwv (Treipapa 19/11/2007 (4)).
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3.2 Meproxn z = 0.5y

H trepioxn autr BpiokeTal TTOAU KOVTA OTO aKPO@UOIO Kal Ol TaxUTNTEG gival
peyaAeg. H Beppokpaaia gival upnAr otov dEova aAAd EAATTWVETAI ATTOTOUA O€
OXETIKA HIKPN atréoTacn atrd auTdv Kal TTAPAUEVEI O XOUNAA ETTITTEOA KAl oXEOOV
oTaBepn oTa dkpa. To didypappa TUPPNG EXEN TPIYWVIKA LOP@N ME Hia UTTOTUTTWON
CUMETPIO Kal N HEYIOTN TIUA TTOU TTapaTtnpeital otov dagova (0.16) €ival n eEAGXIoTn
aTTo TIG TEOOEPIC TTEPIOXES (OXNAMa 3.3).
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0,5y
]‘l
0,9%
A
0,8 ©
0;7 * 27/09/2007(2)
o g m 24/10/2007(1)
o w05 |0 A 25/10/2007(1)
= 'A o 19/11/2007(1)
e A 20/11/2007(1)
+—0.8 © 21/11/2007(1)
Lo
ML
* A
‘Aﬁ 4 o
% H..@l i Ip;.
m é ’ A A?Il Opg0Opg 0
ll‘* 3%0 gé o M | P .o
1,5 -1 -o,5 0 0,5 1 1,5
/g
0,5y
} X 3
0,9
A
0,8 1¢
0,7 1 * 27/09/2007(2)
Q% ] u 24/10/2007(1)
2 o 05 ° A 25/10/2007(1)
=~ " o 19/11/2007(1)
R A 20/11/2007(1)
. fe=e) o 21/11/2007(1)
Lo
* ’
am A.ﬁl 6 o
A & O o gg‘g Ot ) &y ;;NRAE’AEK o o
‘DOO‘A 2080 <>A$<>A‘A . A‘ 4»001:10 oo
-2 1,5 -1 -0,5 0 0,5 1 1,5 2
r/z

2xAua 3.3 a,b AdidoTtaro didypappa Beppokpaciag ocuvapTioel Tou adidoTaTou
Baboug r/ly (a) kai r/z (b) o BaBog 0.5ly.
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0,5y
0,7
0.6
0.5 - * 27/09/2007(2)
04 = 24/10/2007(1)
e ‘ A 25/10/2007(1)
F . o 19//11/2007(1)
' A 20/11/2007(1)
[m]
. * c:‘:‘":'.a % ..
® _ AAatAA ¢ o
< ‘k 4 mm O oo o
LLLLL Ao AAgQ‘ngg M[]Aa = S
1,5 -1 -0,5 0 0,5 1 15
/v
0,5y
0,7
0.6
0.5
’  27/09/2007(2)
0 = 24/10/2007(1)
e ‘ A 25/10/2007(1)
= o o 19/11/2007(1)
’ A 20/11/2007(1)
0.2 . o 21/11/2007(1)
¢ o R s A f.
* M EJEKAA‘D&)‘M o *n ¢
} 9N ‘l‘j“. am n” [ o ?
=u 0
RS on' AA{OA% v TR F Poel,
-2 1,5 -1 -0,5 0 0,5 1 1,5 2
r/z

2xAua 3.3 c,d AdidoTtato didypappa TUpPNS cuvapTroel Tou adidoTatou BaBoug
r/lv (c) kai r/z (d) o€ BaBog 0.5ly.
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3.3 MeproxA z=Iu

TNV TTEPIOXH auTri n pon €ival TTAAPpWG avettTuypévn (Yevika piAwvTag z/D>20). To
OIAYPOUMO TWV BEPUOKPATIWY EXEI KWVIKI LOP@N. ZTNV TTEPIOXI TG KATEPXOUEVNS
PAEBaG o1 Bepokpaaies, 600 ATTOUAKPUVOUAOTE aTTd Tov afova, EAATTWvoVTal
QATTOTOMA EVW OTNV TTEPIOXN TNG OAKTUAIOEIDOUG avEPXOMEVNG PONG ouveXi(ouv va
eAatTwvovTal aAAd e TTOAU ATTIo pUBUS. To didypaupa TUPPNG eEakoAoubEi va £xel
TPIYWVIKN pop@r] aAAd n TUpPnN ival TToAU o évtovn (oxAua 3.4).
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r/z

2xAua 3.4 a,b AdidoTtaro didypappa Beppokpaciag ouvapTioel Tou adidoTaTou
Baboucg r/ly (a) kai r/z (b) o€ BABOG ly.
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ZxAua 3.4 c,d AdidoTtaro didypappa TUpPNS cuvapTroel Tou adidoTatou BaBoug
r/lv () kai r/z (d) o€ BABOG Iv.
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3.4 Meproxn z =1.5ly

H Bepuokpacia eAaTTwveTAl HaKpPId aTTd ToV dgova e oXedOV oTaBepd puBUO.
21NV TTEPIOX auTr N opuA TNG QAERAG EXEI apXio€l va EAATTWVETAI ONUAVTIKA KAl
va eTTnNEeadeTal atd TNV avwaoTIKr dUvapn Kal Toavwg atro eEWTEPIKEG DUVALEIG
(11.X. Coriollis), o1 oTT0iEG EKTPETTOUV TN PO, YI'AUTO Kal TO SIAYPAUUA TNG
Beppokpaciag dev TTapoucidlel cuppeTpia. To didypappa TG TUPPNG ival
aKavOVIOTO Kal KABE TTEipapa £xel EVTEAWG OIOPOPETIKI) CUUTTEPIPOPA (OXNua 3.5).
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2xAua 3.5 a,b AdidoTtato didypappa Beppokpaciag ocuvapTioel Tou adidoTaTou

Baboug r/ly (a) kai r/z (b) o BaBog 1.5ly.
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ZxAua 3.5 c,d AdidoTtaro didypappa TUpPNS cuvapTroel Tou adidoTatou BaBoug
r/lv (c) kai r/z (d) o€ Ba6og 1.5ly.
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3.5 Meproxn z = 2y

2TNV TTEPIOXH aAUTH KUPIOPXOUV Ol AVWOTIKEG OUVAEIG Ol OTTOIEG EKTPETTOUV Th PON)
TIPOG TNV ETTIPAVEIQ KAl N GAEPA CUUTTEPIPEPETAI WG TTAOUIO. To dIdypappa TNG
Beppokpaaciag gival akavovioTo aAAd e€akoAouBei va diakpiveTal n peiwan TnNg
Beppokpaciag pakpid ato Tov déova. H TUpPn gival éviovn Kal UTTApXEl Tuxaia
Kivnon peuoTou TTPog OAEG TIG KaTeuBUvoelg (OXAUa 3.6).

49

Institutional Repository - Library & Information Centre - University of Thessaly
18/05/2024 19:57:45 EEST - 18.218.239.226



Kepdiato 3 AmoterlécoTa

2lm
1
PN, Ag't'. o
A §§
*° Ao o
A 8 2
T ax 28/06/2007(2
’o om 2 o + 28/06/2007(2)
. X on = 28/06/2007(6)
oﬁngn,e 0" A 26/09/2007(1)
o M. g5 ® A L & 24/10/2007(4)
= N « 2 e 25/10/2007(4)
= A o 04 o * x 19/11/2007(4)
de—03 ool 00000 0 20/11/2007(4)
o0
40 A 21/11/2007(4
o 5 02 D 4
0%0 0-1 AL,
& 1 l.
e n
0 . ¢1° g¢eee
-1,5 -1 -0,5 0 0,5 1 1,5
/g
2y
AL
%ﬁ A :;F; o
* %g =
- to D
¢ |at .,§ 2% o * 28/06/2007(2)
. a @77 o " u 28/06/2007(6)
F "2 06 of A 26/09/2007(1)
e Bo °05- o &l m X 24/10/2007(4)
= AR ® o 25/10/2007(4)
= 5o 04 X 8 & 19/11/2007(4)
- 0.3 o XXxx o 20/11/2007(4)
X
N o %| XX A 21/11/2007(4)
* O \v Y- [e) n
x X 0.1 Bang
X 1 o
o =n
0 00 ppnnao
-0,6 -0,4 -0,2 0 0,2 0,4 0,6
r/z
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Kepdiato 3 AmoteléclaTa

Ta KavoviKoTToINUEVA diaypaUpaTa BEPUOKPATIOg TTOU TTPOEKUWAY £XOUV
HEYOAAUTEPO €UPOG (N adidoTaTn améoTaon r/z Tavel PExpl Tnv Tiur 0.60) atod Ta
avTtioToixa dlaypAppaTa o€ BEPUAIVOUEVES QAERBEG pE BETIKA dvwaon OTToU N
atréoTtaon r/z dev Eetrepvdel Tnv TinR 0.3 (Papanicolaou & List 1987). Autd
TTPOPAVWG OPEIAETAI OTO OTI N PAERA EKTPETTETAI TTPOG TA AVW Kal Ta 6pla TNG
QAVEPXOUEVNG PONG eKTEIVOVTal TTEPAV Tou /z=0.3. ETTiong Ta TTpo@iA BEpoKpaCIwY
oTnv TTEPIOXN 1/2<0.2 £€xouv aTTOTOUES KAIOEIC, TTPAYUA TO OTTOI0 UTTOdNAWVEI OTI
QUTI €ival TTEPITTOU N OKTIVIKI) ATTO0TACN N OTTOia ATTOTEAEI TO OPIO TNG
KATEPYXOUEVNG ATTO TNV avEPXOUEVN PON.

Ta diaypdupata TG TUPPNGS eppavidouv Kal autd PeyaAuTepo eUPOG aTr’ OTI OTIG
PAEPREG pe BeTikA dvwon. H peydAn dlaocTtropd TTou TTapaTtneeital, 18iwg oTIg
TePIOXEG 1.5l Kal 21y, o@eileTal 0TV A0TABEIO TNG PONG YUPW aTTd TOV
KaTtakopuo aéova. H pony dev TTapouaiale cuppeTpia aAAd €ixe TNV TAoN va KAIVEl
TTPOG Wia KateuBbuvan, 18iwg aTo BAabog otabepoTtroinong. lMNa va pnv uttapéer T16c0
HEYAAN dlaoTTopd, N delypaTtoAnyia ETTPETTE va Yivel yia XpOvo peyaAuTtepo atro 40
sec o€ KaBe B¢on, TTPAypa aduvaTov KaBwg n JIETTIPAVEID TOU AVAUEUIYEVOU
peUOTOU Ba KaTtéRaive Kal Ba aAANAETTIOPOUCE e TNV aveEPXOUEVN poN
ETTNPEACOVTAG TNV OMOIOYEVEIQ TOU VEPOU TOU OTTOOEKTN.

H adidoTtarn apaiwon atov agova TNG GAERACS TTPORAAAETAI CUVOPTHOEI TNG
adiaoTtarng amootaong z/ly (oxAuata 3.7 kai 3.8). lNa 1ipég z/ly>1 n
KQVOVIKOTTOINMEVN apaiwon KupaiveTal petagu 0.15~0.17, TIHEG o1 oTTOoiEG €ival
TTOAU KovTd oTnVv TIUA 0.165 1Tou uttoAdyIoav o€ Bepur AEBa Pe BETIKA Avwaon ol
Papanicolaou & List (1987). H uttoAoyi{6pevn TIMA TNG HEONG apaiwong atro To
povodidaTaTto povTEAo Twv Papanicolaou & Kokkalis (2008) sivai trepitrou 0.285
onAadn 1.7 pe 1.9 @opEG HeyaAUTEPN ATTO AUTAV TTOU UETPRONKE TTEIPAUATIKA OTNV
TTapouoa epyaacia. & GAEREG pe BETIKY) Avwaon OTTOU 01 HECEG XPOVIKA TIMEG TNG
TaXUTNTOG Kal TG BEPHOKPATIag A TNG CUYKEVTPWONG AKoOAOUBOUV KaTavour KaTd
Gauss, 0 Adyog apaiwong oTtov agova did TNV HEon apaiwaon ival TTEPITTou i0og e
1.4. O1 KaTavopéG TNG BepUOKPATiag, OTnV TTApoUCa £pyaaia £Xouv Hia TTEpIoXNA
oTtnv otroia n Beppokpacia uttepPaivel TNV TIUA 0.4T. eV OTO HEYOAUTEPO LEPOG
loxUel T<0.4T.. ZUVETTWG, OTNV TTPOKEILEVN TTEPITITWOTN, 0 Adyog T/T. uttEpPaivel
TNV TIiuA 1.4.
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Méon adidoTatn apaiwon
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ZxAua 3.8 AdidoTartn apaiwaon otov dgova.
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Kepdiato 3 AmoteléclaTa

> € Oeppaivopeveg QAEREG e BeTIKA dvwaon, Ol HETPAOEIG BEPLOKPATIag KATA
TTAGTOG TNG GAEBOAG UTTOPOUV VA TTPOCOUOIWOO0UV e KAaUTTUAN Gauss, n otroia
EKQPACEl TNV BewpPNTIKN KATAVOUH TTIBAVOTNTAG EUPAVICEWS TWV BEPLOKPATIWV
QUTWV, CUPQWVA E TNV OXEoN:

T=Te"" (3.1)

c

T: H xpovikd péon Beppokpaaia.

Te: H xpovikd péon Bepokpaacia oTov dgova.

r: AKTIVIKI] a1réoTaoN Atro ToV Agova TNG GAERAC.
b: MAGTOG PAEBOG.

O1 Seban, Behnia ka1 Abreu (1978) £¢dc1Eav OTI 0€ KATAKOPUPES PAEPES PE APVNTIKA
dvwon, n Tpocopoiwon autr dev gival duvartr). H katavopur Gauss TTeplypagel
ETTAPKWG TIG BEPUOKPATIEG OTNV TTEPIOXT TNG KATEPXOUEVNS PONG OUWG dEV
AapBaver utr’ own TNV aAAnAetTidpaon e TNV avepXouevn por. H emapkeia Twy
TTPORAEWEWV aTTO TIG OAOKANPWTIKEG BEWPIES VIO TETOIEG TTEPITITWOEIG €ival ATTAWG
OUUTTITWHATIKE. TNV TTPAYUATIKOTNTA N avApgn Beppou vepou TNG KATEPXOUEVNS
PONG HE WUXPO VEPO TNG AVEPXOEVNG PONG ETTNPEALEI TNV BEPLOKPATIa TNG
PAEBag. H Tpooopoiwaon pe KapTuAn Gauss IoXUEl HOVO YIa £va TTOAU HIKPO EUPOG
NG PAEBaAG, KOVTa oTov Agova, aTnV TTEPIOXH TNG KATEPXOMEVNS pong. O
IOXUPIOUOG auTdg emMIRERAILONKE OTNV TTAPOUCA £pyaacia OTToU £YIVE TTPOCOUOIWON
OTIG UETPNOEIG TOU TTEIpApaTog 24/10/2007 (2). ATro 1o oxAua 3.9 @aivetal OTi n
TIPOCOMOIWOTN €ival duvaTh HOVO OTNV TTEPIOXT TOU agova TNG GAERAG Kal TTAAI
XWPIig peydaAn akpifela.
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3.6 Bivreookétnon — Opia @AéBag

MNa Tov aKkpIRr TTPocdIopIoO Tou TTAATOUG TNG GAEBOG Eyivav Tpia TTITTAéOV
TTEIPANATA, TA OTTOIA KIVAUOTOYPA@NOnKav pe Yn@Iiakn BIVIEOKAUEPQ.
2UYKEKPIPEVA EYIVE £va TTEIpAUA YIa KABE diaTour akpouaiou. H kabe
KIVNaToypd@non SINPKETE TTEPITTOU TTEVTE AETTTA Kal EEKIVAEI OTTO TN OTIYLI TTOU
avoiyel 0 BIAKOTITNG TNG PAEBAG WoTe va TTepIAapBavel OAa Ta oTadia avaTTuéng
NG pong. O1 apxIKEG CUVONKES TWV TTEIPAUATWY @aivovTal oTov Trivaka 3.4. Katd
TN SIAPKEIN TWV TTEIPAUATWY OEV £yIvav HETPAOEIG BEPUOKPATIAG.

A/A | Hugpounvia | D (cm) | F (I/min) | T, (°C) | To(°C)
1 11/10/2007 0.75 1.20 24.20 | 67.20
2 11/10/2007 0.50 0.80 24.80 | 67.50
3 11/10/2007 1.00 1.60 25.20 | 67.90

Mivakag 3.4 ApXIKEG OUVONRKEG BIVIEOOKOTTNUEVWY TTEIPAMATWV.

ATTO TNV TTPORBOAN) TWV BIVIEOOKOTINOEWV £YIVE YPAPIKA O TTPOCDIOPITHOS TWV
opiwv TNG GAEPAG eV PE HETPNOEIS PABOUG Kal TTAGTOUG TNG PAEBAG ETTAVW OTIG
PWTOYPAPIEG UTTOAOYIOTNKE N YWVIQ ¢ TTOU OXNHATICEl N KATEPXOUEVN PON HE TOV
agova (oxnpa 3.11). Me dedopévn Tn ywvia autr éival duvatog 0 UTTOAOYIOUOG TOU
TTAGTOUG TNG KATEPXOHEVNG PONG O€ OTTOIAOATTOTE ATTOOTACH ATTIO TO AKPOPUCIO YId
KAOe pia atrod TIG TPEIG IATOUES. Ta atroTeEAEOUATA QaivovTal oToV TTivaka 3.5.

D z r tane (0]
(cm) (cm) (cm) (deg)
0.50 9.50 1.00 0.105 6.00
0.75 9.50 2.50 0.263 14.74
1.00 9.50 4.00 0.421 21.73

Mivakag 3.5 Y1roAoyIopog ywviag TNG AERAg oTo onpeio e€6dou.
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ZxAua 3.10 (a) & (b) AetrTopépeia TNG GAEBAG KATA TO apXIKO OTADIO (a) Kal KaTd
TO 0TGdI0 povIUNG diautag (b) é1Tou dIakpPIvETAI N AVEPYXOEVN PO TTOU TTEPIKAEIEI
TNV KATEPXOUEVN QAER

IxApa 3.11 dwroypagia TNG AERAG 61ToU dIAKPIVOVTAI Ol TTEPIOXES TNG
AVEPXOUEVNG KAl TNG KATEPXOMEVNG POAG KABWG Kal n ywvia ¢

3.7 Emmpéobera EIpduaTa

A6 Ta capdavTa £¢1 TTEIPAUATA TTOU TTPAYUATOTTOINONKAVY, T TPIAVTA TTEVTE
a@opoucav UETPNOEIG OTIC XAPAKTNPIOTIKES TTEPIOXES 0.5ly, v, 1.5y ka1 2ly. Ta
utToAoITTa évTeka TTpaypaTotroinOnkav oTig B¢oeig 0.25ly, 0.75ly, 1.25ly kai 1.751y
KaBwg Kal oTnv £€£000 TG GAEBAG aAAG Kal oTnV TTEPIOXH TTAVW ATTO QUTAV
(interface). Ta TTeipdpaTa autd @aivovTal CUVOTITIKA oTov TTivaka 3.6. Ta
OlayPAUMATA BEPLOKPOTIAG TTOU TTPOEKUWAV OTIC TTEPIOXES KATW ATTO TO AKPOPUOCIO
gival avaAoya pE QUTA TWV XAPOKTNPIOTIKWY TTEPIOXWYV, EVW N adlGoTATN Apaiwon
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€XEl UTTOAOYIOTEI OTOV TTivaKka 3.2. 'Eva avTITTPOOWTTEUTIKO DIAYPAWUA LETPHOEWV
Beppokpaaciag otnv eploxn 1.25ly mapariberal oto oxfua 3.12. Ocov agopd oTnV
TTEPIOXH TTAVW aTTO TO aKpo@uaolo (interface) dev gival duvatodg 0 UTTOAOYIOUOG TNG
adidoTaTNG apaiwaong atov agova d10TI o1 peTprioelg AapBdavovTal de€id Kal

aploTePA TOU akpo@uaoiou. H péon apaiwon utroAoyileTal CUPQWVA HE T oXEoN

(1.16) agpou TTponyoupEVWG £XEl UTTOAOYIOBE N Eon Bepuokpaaia yia KABe

Treipapa (ivakag 3.7). H idia pebodoAoyia eQapudoTNKE KAl O€ TTEIPAUATA TTOU

€ylvav oTo €TTiTTEdO TOU aKpoPuaiou (TTivakag 3.8).

1 2 3 4 5 6 7 8 9
Huepounvia | ApiBuoég (c[r)n) (I/nfin) (f:sr;r) (c%n) Position (;ré) (Jé)
28/6/2007 | Meipopa 8 | 0.75 2.00 10.50 | -10.00 | interface | 29.39 | 68.90
10/7/2007 | Meipapa 2 | 0.75 1.00 10.50 | -10.00 | interface | 28.24 | 45.00
12/7/2007 | Meipapa 1 | 0.75 1.20 20.50 | 0.00 nozzle | 26.61 | 55.20
25/9/2007 | Meipapa 1 | 0.50 1.20 42.70 | 22.20 | 1,25Lm | 27.79 | 71.90
26/9/2007 | Meipapa 3 | 0.50 2.00 69.00 | 48.50 | 1,75Lm | 25.24 | 73.30
27/9/2007 | Meipopa 1 | 1.00 2.00 21.50| 1.00 nozzle | 25.31 | 65.00
27/9/2007 | Meipopa 3 | 1.00 1.60 27.50| 7.00 | 0,75Lm | 26.58 | 68.40
27/9/2007 | Meipaopa 4 | 1.00 1.40 10.50 | -10.00 | interface | 27.10 | 68.50
28/9/2007 | Meipopa 1 | 1.00 1.20 22.40| 1.90 | 0,25Lm | 25.26 | 56.30
28/9/2007 | Meipapa 2 | 1.00 0.80 20.50 | 0.00 nozzle | 25.54 | 55.90
28/9/2007 | Meipapa 3 | 1.00 1.00 15.50 | -5.00 | interface | 25.64 | 56.90

Mivakag 3.6 ApXIKEG OUVONRKES TTEIPAPATWY
Neipapa | Tmean (°C) | Ta(°C) | To (°C) | Apaiwon
28/6/2007 30.87 29.39 | 68.90 26.78
10/7/2007 28.75 28.24 | 45.00 32.58
27/9/2007 28.84 27.10 | 68.50 23.80
28/9/2007 26.29 25.64 | 56.90 47.98

Mivakag 3.7 YTToAoyIOUOG apaiwong oTnV TTEPIOXN TTAVW aTrd TO AKPOPUOIO
Neipapa | Tmean (°C) | Ta(°C) | To (°C) | Apaiwon
12/7/2007 28.26 26.61 | 55.20 17.33
28/9/2007 | 35.33 25.54 | 55.90 3.10
Mivakag 3.8 YTToAoyIOpOG apaiwong oTo ETTITTESO TOU OKPOPUOiOU
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Mpo@iA Beppokpaciwv (Treipapia 25/09/2007(1))
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ZxAua 3.12 Méon Beppokpaaia, Evraon TUpPBNG HEYIOTN Kal EAAGXIOTN BepOKpaTia
otnv mepioxn 1.25ly (treipapa 25/09/2007 (1)).

Mpo@iA Bepuokpaciwyv (Treipapia 27/09/2007(4))
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ZxAua 3.13 Méon Bepuokpaacia, Evraon TUPRNG HEYIOTN Kal EAGXIOTN Beppokpaaia
oTnV TTEPIOXN avavTn Tou akpouaiou (Treipapa 27/09/2007 (4)).
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Mpo@iA Beppokpaciwyv (Treipapa 12/07/2007(1))
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ZxAua 3.14 Méon Beppokpaaia, Evraon TUpPBNG HEYIOTN Kal EAAGXIOTN BepOKpaTia
oTO ETTITTEDO TOU aKkpo@uaoiou (z=0) (Treipapa 12/07/2007 (1)).

3.8 ZedAparta

Ta o@daAparta gival avatroQeukTa o€ KABE TTEIpapaTIKA d1adIKagia Kal o@eilovTal
KUupiwg oTnv aduvapia Tou avBpwTrivou TTapdyovta. O1 KUPIEG AITIEG CPAAUATWV
eivalr duvartov va ogeilovtal (i) oe AavBaopévn puBuion (calibration)tou opydvou
Kal (i) o€ OQAAPa avayvwoIndTnTag Tou opydvou. MNapdyovTeg TTou eTTnPeGlouv
ETTIONG TIC METPAOEIC Eival N TTEPIOXN HETPAROEWY, N UOTEPNON, N dIOKPITOTNTA, N
ETTAVOANWIPOTNTA KAl N YPAUMIKOTNTA TOU OPYAVOU. 2Tn CUYKEKPIUEVN TTEPITITWON
mOava oQAALATA OTIG LETPAOEIG UTTOPEI va o@eilovTal aTnv AdBog avayvwaorn Twv
QAVOAOYIKWV BEPUOPETPWYV TTOU XPNOILOTTOINONKAV yia TNV pUBUIoH TwV
BepuoaToIxEiwy Tayeiag amékpiong, o€ BOPURO TTOU va TTPOEPXETAI ATTO TO
NAEKTPIKO OIKTUO TOU EpyacTnpiou Kal ETTNPEAdel To ofua Twv thermistors, o€
QlwPOUHEVA CWHATIdIa TTOU UTTApXOoUV pHEoa oTn deapevn Kal eTTnPedlouy TIg
METPAOEIG TWV thermistors. ZNUAvVTIKG EUTTOBIO ATTOTEAECE O INXAVIKOG Bpaxiovag o
OTT0i0G EUTTOBICE TNV AVATITUEN TNG PONG. TEAOG, evOEXOUEVO OQAAUQ OTOV
TTPoodIopIoUd TNG B€ong Tou Bpayiova pEoa oTNV BEEAUEVT KAl TOV UTTOAOYIOUO
Tou BdBoug aTtaBepoTToinong TNG PAEBAG opeileTal oTnv dIATAEN OTITIKOTTOINONG TNG
QAEBag kal 1IdlaiTepa oTov akpIPr oxediaoud Tou KavdapBou emavw oTnv TTAEUpd TnG
OeCapeVAG Kal oTnV TTPOROARA Tou EUTTPOCBIoU KavAapBou oTnv TTicw TTAEUPA TNG
OegapeVAG, N OTToIa KAUTTUAWVETAI AOyw TNS dIdBAaong Tou QWTOG HECT OTO VEPD.
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Kepdroro 4 Yvunepdcpato

4. ZYMIMEPAZMATA

H avdAuon Twv atmmoTeAeOUATWY TTOU TTPOEKUYWAV aTTO TNV TTEIPAATIKA
dladikacia 0driynoe otnv €aywyn XPACILWY CUUTTEPACUATWV.

1) Z1nv TTEpIoxn z/lw=2 n por) SIaKOTITETAI Adyw HETARBOANG Tou BABoUg
otaBepotroinong TG GAEBag. MNa 1o Adyo autd, oTnv €TTECEPYATia TNG
XPOVOOEIPAG XPNOILOTTOINBNKAV HAvVo o1 TIHES T=T,+0.05°C.

2) To mpo@iA Beppokpaciag o€ GAEREG e apvNnTIKA Avwaon €xXEl LEYAAUTEPO
€UPOG atr’ OTI o€ PAEPES e BeTIKA dvwon (0.6 évavti 0.3).

3) To KavovIKOTToINUEVO dIAypapa TUPRNG EXEI LEYAAUTEPO EUPOG ATTO TO
avTioTolxo QAEBAG pe BeTIKA dvwon aAAG o1 PEYIOTEG TIMEG Eival TTEPITTOU Ol
iDIEG. 2TNV TTEPIOXN] OTABEPOTTOINONG TNG PONG, OTTOU UTTEPIOXUOUV Ol
QVWOTIKEG OUVALEIG, N HEYIOTN €vTaon TNG TUPPNG cival dITTAdoIa.

4) H kavovikoTroinpévn apaiwan otov afova TnG GAERAG KUPAivETal HETAEU
TwV TIHWV 0.15~0.17 yia z/ly>1. O1 TIHEG auTEG Eival TTAPOUOIES HIE QUTEG TTOU
€xouv TTapartnpnBei oe PAEREG e BeTikA dvwon. O Adyog TG apaiwong oTov
agova TG PAEBAG TTpog TN Héon apaiwaon gival peyaAuTepog Tou 1.4 TTou
QTTOTEAEN TUTTIKH TIUN VIO QAEREG E BETIKN Avwaon Kal KATavour kard Gauss
NG HEONG XPOVIKA CUYKEVTPWONG KAl TaxUTNTAG O€ A EYKAPOIa diatour atmd
TOV Agova NG PAEBaG.
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5. ANAAYZH TYPBHZ

O1 TupBwdeIg PpoEG ATTOTEAOUV PEUCTOUNXAVIKA CUCTAUATA TA OTTOIA €ival
OUOKOAO va TTEPIypa@OUV atro Hia avaAuTikr) Auon. H TUppn cival @aivopevo
HN YPOUUIKO pE BUOVONTOUG NXAVIOHOUG AVATITUENG KAl T CUCTAUATA
TUPBWOWYV powv gival XaoTIKA Kal Un TTPORAEWIHA. 2TNV TTAPOUCa £pyaaia n
dlEpEUvVNON TNG TUPPRNG €yIve PE TN Bewpnon OTI ATTOTEAEI TNV TUTTIKI ATTOKAION
TWV TTAPATNPNUEVWYV TIMWYV BEPUOKPATCIOG. ZTO OUYKEKPIUEVO KEQAAQIO
eCeTadeTal I 0TOXOOTIKN dladikaoia avadAuong Tng TUpPNG e dEdOUEVA TIG
XPOVOOEIpEG BEpOKpaTiag.

5.1 AvdAuon Xxpovoosipwv

2.€ QPKETEC TTEIPAMATIKES OIAdIKATIES I} O TTPOCOUOIWTEIS YUOIKWV
QAIVOUEVWY, 1N EANEIYPN APKETWYV TTPWTOYEVWYV OTOIXEIWV (TT.X. LETPHOEWV) EXEI
WG aTTOTEAECHA TNV aduvaplia TTEPIYPAPAGS TNG CUUTTEPIPOPAS TOU PAIVOUEVOU
TTPOG UEAETN. TTOAAEG POPEG N EAAEIYN LETPACEWY Eival avaTTOPEUKTN Adyw
TWV OUVONKWYV TOU TTEIPAUATOS OTTWG OTNV TTEPITITWON TNG TTAPOUCAG
epyaciag 01Tou n dIAPKEID TwV HETPACEWYV deV {eTTEPVOUOE Ta 40
deuTePOAETTTA Adyw £TTIPPONG TG diETTIPAvelag (interface) Tng pong. Na Tnv
utTéPBacn Twv BUOKOAIWV AUTWV €10NXONoav VEEG BewpPieg OTTWG N
OTATIOTIKA, N Bswpia mOavoTATWYV, N Bewpia Tou xdoug, N avaAuon
XPOVOOEIpWY K.4. 01 OTToiEG OiVOUV IKAVOTTOINTIKEG EENYAOEIG OTNV
OUUTTEPIPOPA TWV QUOIKWY QAIVOUEVWY AAAG atTOTEAOUV TAUTOXPOVA KAl TO
uTTORaBPO yIa TN dNUIOUPYIa HABNUATIKWY HOVTEAWV TTEPIYPAPNS Kal
TTPOBAEYNG.

MoAAEG @opég o€ éva duVAUIKO oUoTNUa Bev Eival YWWOTEG 01 EEI0WOEIG TTOU
TTEPIYPAPOUV Tr DUVAUIKN TOU TTAPA HOVO UEPIKEG UETPIOIUEG TTOOOTNTEG
OuVapPTHOEl TOU XPOVOU, 01 XPOVOOEIPEG. XPOVOOEIpd Eival Ol DIATETAYUEVES O€
auoTnPr XPOVOAOYIKr) akoAoubBia TTpayHATOTIOINCEIG (LETPACEIG) HIAG
METABANTAG. H TOTTOBETNON TWV YEYOVOTWY KATA XPOVIK akoAouBia gival
onUavTikr d10TI AapBAaveTal UTT OYn N £TTiIdOPACH TWV TTAAAIOTEPWYV YEYOVOTWV
TTAVW OTIG TIMEG TWV TWPIVWV A KAl TwV HEAAOVTIKWY. H 1816TNTa QUTA Twv
YEYOVOTWV VA £6APTWVTAI ATTO TTPONYOULEVES TILEG OVOUAZETAI VAN TNG
XPOVOOEIPAG. ANEG IDIOTNTEG TWV XPOVOOEIPWY Eival N OUOIOYEVEIA, N
HOVIUOTNTA, N TAoN, N TTEPIOdIKOTNTA, N EUHUOVA K.4.

2TO OUYKEKPIUEVO TTEIPAUA £YIVE YPOAUMIKA avAAuon XpOVOOoEIpWwY OTA
dedoUEVA EVOC QVTITIPOOWTTEUTIKOU TTEIPAUATOG. ZUYKEKPILEVA ETTIAEXBNKAV Ol
XPOVOOEIPEG TWV TTEIPAPATWY 25/10/2007 (2) kai 25/10/2007 (3) 610U TO
BaBog Twv peTpnoewv givail Iy kai 1.5y avtioToixa kail n TUpRn TTARpWG
avettTuypévn. O1 péBodol avaAuong XpOovOOoEIPWY TTOU EQAPUOOTNKAV
QaTTOTEAOUV TIG BUO BACIKES HEBODOUG YPAUUIKAG avAAUCNGS XPOVOOEIPWY, N
QPAOUATIKI) av@Auon Kal N avAAucn QUTOOUOXETIONG - ETEPOCUCXETIONG.
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5.2 ZuvapTAOCEIS AUTOOUCXETIONG - ETEPOCUOXETIONG

AuTtoouox£Tion (autocorrelation) T TGENG LGS XPOVOOEIPAG €ival N CUCXETION
TWV TILWV TNG HE TNV idIa OEIPA LETATOTTIOMEVN KATA T XPOVIKA dIACTHATA.
2TN YEVIKA TTEPITITWON HIAG N MOVIUNG XPOVOOEIPAG, N ouvapTnon
QUTOOUOXETIONG HIag HETABANTAG U (t) = U+ u(t) oe dUo dIAPOPETIKOUG
XPOVOUG t; Kal t; UTTOPET va opIoBEi wG:

R(tl’tz) = u(tl)u(tZ)

MNa pa pévipn xpovooeipa e XPOVIKR uoTEpnon T=t;-t, N ouvapTnon
QUTOOUOXETIONG UTTOPEI VA YPAPTE WG:

R(z) = u(tu(t + )

H KavovIKOTToINUEVN CUVAPTNON QUTOOUOCXETIONG OPICETAl WG:
F(1) = u(t)LlJJ(t+r) zu t)

&1Tou U? gival n péon TETPAYWVIKA TIRA (variance).

Autocorrelation

1,2

——17(Lm)
—a—23(Lm)
—— 30(Lm)
—=—16(1,5Lm)
——20(1,5Lm)
——25(1,5Lm)

3 0,4 0|5

ZxAua 5.1 AuTooUOXETION Xpovooelipwy o€ BaBog |y kai 1.5y otov dEovd, oTo
OpI0 Kal EKTOG TNG PAEBAG
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2710 oxnAua 5.1 @aiveral To dIAYPAUUO AUTOCUOXETIONG TNG XPOVOOEIPAG O€
duo Ba0N Iy kai 1.5y kal o€ TpEIG ATTOOTACEIG YIa KABE BABog, aTov dfova TnG
QAEBag (Treploxn 16 kai 17), oTnv TEPIOXA TNG avePXOpEVNS pong (TTepioxn 23
Kal 20) kal 1o oplo TNG PAEBag (Trepioxny 30 kai 25). To didypappa
pundevideTal yia TTpwTn @opd o€ Xpovo 1=0.4 sec. O XpOvog auTog gival apkeTd
MIKPOG TTOU ONpaivel 0TI Ol TIREG TNG XPOVOOEIPAG Eival AOUOXETIOTEG VIO
Xpovoug TTou utrepBaivouv 0.50 sec. H xpovooeipd dev €XEl VAN TTEPAV TWV
0.50 sec kal n KABg T dgv €CAPTATAI ATTO TNV TTPONYOULEVN.

AvAaAoya pe TNV AUTOOUOXETION UTTOPEI VO OPIOTEN KAl N ETEPOCUCXETION
(cross-correlation) wc:

C(r) = u)o(t + 7)

METAEU OUO peTaBANTWYV u(t) Kal u(t). ZT0 oxAua 5.2 @aivetal To dIAYPAUMA
ETEPOCUOXETIONG TWV XPOVOOEIpWY oTnV TTEpIoxn 16 (dEovag TS eAEBaAC) Kai
17 (1cm ditrAa).

Cross correlation

0,3

0,25 M

0,2
—=—|m
0,15
——15Lm
0,1

0,05 e — = = = = = = = = s 2o s = == = T T T

ZxAUa 5.2 ETEPOCUOXETION XPOVOOEIPWY OTOV Agova TnNG GAEBag kal 1cm
oitTAa
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5.3 Qaocpartiki avaAuon

H @aopaTtiki avdAuon gival n avadAuon Tng Xpovooelipdg oTo TTedio Twv
ouxvoTiTwv. Eival xpAoipn otnv avixveuon Tuxov epIodIKOTNTAG OTNV
Xpovoaoelpd (n Utrapén aiXpnsg oto @ACHA O€ A CUYKEKPIUEVN OUXVOTNTA W
OnAwvel TNV UTTapén TTEPIOBIKOTATWY HE BACIKI) OUXVOTNTA W) KAl N HOP®PN TOU
@AOUATOG, HETA TNV APAiPEDTN TWV TTEPIODIKOTATWY, BiVEl TTANPOPOPIES yIa TO
OTOXAOTIKO OUOiwUa TToU Ba TTapacThoel TNV UTTOAOITTN O€Ipd.

To evepyelakd @Aopa (power spectrum) TTPOKUTITEI ATTO TOV OUVEXN
peTaoxnuatiopd Fourier:

S(w) = TR(t)ez’”“’tdt

otTrou R(t) n ouvaptnon autoouoXETiIons. H avaAuon €yIve yia TPEIG TTEPIOXES
NS PAERag, oTov agova (Trepioxn 16), oTnv TTEPIOXA TNG AvEPXOMEVNS PONS
(Treproxny 20) kai eTTAvw oTo OpIo TNG PAEBAG (TTEpIoXN 25). ZTNV TTEPITITWON
OMOYEVOUG TUPRNG €xel ekTIUNBEI BewpnTiKA atrd Tov Kolmogorov 611, o€
AoyapiBuIKS diIdypappa, TO @ACHA 1I0XUOG TTapouaiddel KAion -5/3.

10 |
RS . ——x=17cm, ZILM=1
RS . —— x=23cm, ZILM=1
1 R x=30cm, ZLM=1
D
0.1 A
~
> s
L o
0.01 S
0.001
0.0001 ‘
0.1 1 10 100
f(Hz)

ZxAua 5.3 Evepyelakd aopa TnG TUpPNG (Treipapa 25/10/2007(2))oe
amoéoTacon Iy atrd 10 aKPOPUOIO. AIOKEKOUUEVN YPAUUN ME KAion -5/3, ouveXAS

YPOUUN HE KAion -3/1.

A6 10 oxua 5.3 gaiveral 611 0TV TTEPIOXA 17 TTOU BpioKeTal 0 AEovag TNG
QAEBAG, TO evePYEIOKO PACTHA akoAouBEi TV KAion -5/3 oTIC XaunNAEg
ouxvoTnTeg (UEXP!I 15 HZ) evw o€ ouxvOoTNTEG HEYOAUTEPES TWV 15 Hz
TTpooeyyicel TNV KAion -3. apopolia CUPTTEPIPOPA £XEI KAl TO QATUA TNG
TTEPIOXNG 23 TTOU BPIOKETAI EVTOG TWV OPiWV TNG QAERAG, OTNV TTEPIOXNA TNG
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avepXOUEVNG pong, He TN dia@opd OTI n KAion yia ouxvoTNTEG HEYOAUTEPES TOU
1 Hz yivetail o opaAr. EvieAwg akavovioTn CUUTTEPIPOPA EUPAVICEl N
TTepIoXN 25 1rou BpiokeTal aTo 6plo TNG PAEBAG. MNMapduoia ocupTTEPIPOPA
EMPaVICEl KAl TO EVEPYEIAKO PAoHa TNG TUPPNG o€ BABoG 1.5y (oxNua 5.4) pe
e€aipean 611 n eKTOG ACova TTEPIOXN EXEI LEYOAUTEPN I0XU.

10

—Xx=16, 1.50LM
—x=20, 1.50LM
x=25, 1.50LM -

E(f)

0.01

0.001 -

0.0001
0.1

10 100
f(H2)

ZxAua 5.4 Evepyelakd @aopa TnG TUpPNG (Treipapa 25/10/2007(3)) o€
atmmooTaon 1.50ly a1rd T0 aKpOoPUOCIO. AIOKEKOUMEVN YPOUUN HE KAioN -3,

OUVEXNG YPOUUN ME KAion -5/3.
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