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Euvxaplotd;,.

Mpwta o’ oOAa, Ba NBsAa va ekEPAcw TIC IOINITEPEC ELXOPIOTIEC POU OTOV
ETPAETIOVTO KABNyNT You K. BaagiAn MrovidloyAov, yia Tnv guttiotoolvn 1o €O€IEE OTO
TIPOCWTIO PHOU OVOBETOVTOC POL TNV TTOPOUCA HETATITUXIOKA EPYOTia, yio TNV ETTIICTNUOVIKN
KaBodrynon oAAd Kal TNV UTIoPovr] Tou. O@eidw TEPACTIO ELYVWHOCUVN GTOV AVOTIANPIOTH
Kadnynt K. MixaAn BAaxoyidvvn, o otoio¢ pe 1d1aitepo Ao, LTIOPOVI Kal PJeEBOBIKOTNTA
TIPOOTIABNCE VA POL PETAdWOEI TIC YVWAEIC Tov. H atripiEn tou dev v, ~
OAAG KOl PUXOAOYIKN.

AkOua Ba nBela va euxOopIoTHow Tov LTTOYN@Io JIdAKTOPA TOL EPyaaTnpiou,
BAacon Aeovtidn, mou Bonénoe otnv die€aywyn Twv TIEIPAPATWY. ZUYXPOVWC ETIIBUUW Vo
ELXAPIOTACW TN METATITUXIOKA @OITATPIO, Avdpopaxn Mmokapn OAAG KAl  TOug
TIPOTITUXIOKOUC @oITNTEG Mdvvn BaoiAeiddn kat HAia TOAn twv omoiwv n Porbeia Atav
1dlaitepa onuAvTIK. ETiong, €uxoplotw TOV TIPOTITUXIOKO @OITNTH KOl iAo, Opeéa
Tplovta@OAAOL  Kal TNV uroynoela  Jd1ddktopa Xpiotiva TLwtdn, yilati Atav  ToAD
€EUTINPETIKOI Kol padi ye OAOLCG TOLC TIPOAVAPEPBEVTEC GUVEBOAANAY GTN dnulovpyia evog
€EAIPETIKOV KAILMOTOG OLVEPYATIOG HECO OTO £PYOOTAPIO. Oewpw OTI T PACIKA OTOIXEID yia
TNV ETITELEN MIAC TETOIOL  €idOLC  epyaciag  OTOTE.)
OAANAOKOTOVONGT, TIOU SUGTUXWC OEV UTIAPXOULV TIAVTOU.

‘Eva peydAo euxoplotw TInyaivel otoug @iAoug pou AyyeAdo, BayyéAn, Tavvn,
AavinA, Aloviaon, ©odwpn Kal ZTAAI0 yiad TNV NBIKA UTIOCTHPIEN TOUG KOl TIC OUOPPEC
OTIYUEG TIOU TIEPACALE AUTA TO XPOVIa.

TéNOC Ba NOeAO va €UXOPICTOW TOUG YOVEIC POU KOl TOV OdEPPO HOUL, GTOUG
OTIOIOUC KOl OQIEPWVW TNV TIapolod SITIAWUATIKY €PYOCid, ylia TNV OAOYUXN aydrn Kal

UTTOOTAPIEN TOUG OAQ QUTA TA XPOVIA.
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MEAETH OAEYONTQN KYMATQN >E KEKAIMENO KANAAI

POHZXZ

METPOX AANAAZ

MavemoTtuio OecoaAiag, TuRua MnxavoAoywv Mnxavikwv Biopunxaviag, 2007

EmBAéTtwv KaBnyntc: Ap. Baagiieio¢ MmtovtoloyAou, Kabnyntrig @aivouévwv Metag@opdc

- ZUOKELWV PLCIKWV AIEPYATICV

MepiAnyn

H por uypoU vpéva attoTteAsl Eva ONUOVTIKO TIESIO TNG MNXAVIKAG TWV PELCTWV
KOBW¢ armavtdtal o€ TTANBwPA BIOUNXOVIKWY EQAPPOYWY KOl €XEl YIVEI AVTIKEIUEVO E£PELVAC
ylo TIoOAAOUG ETTICTAMOVEC avda ToV KOoPo. Mg Tov 6po por] LypoU LPEVA OVOEEPOUOCTE OTN
pon UE EAEVOEPN ETIIPAVEID TNC OTIOIOC TO TIAXOG €ival TIOAD MIKPOTEPO TWV ULTTOAOITILV
XOPOKTINPIOTIKWY TNG UNnKwv. H eupeia xprion tng pong uypol ULPEVO O@EIAETOl OTNV
IKAVOTNTO TNG VO HETAPEPEL BepudTNTa Kot PAla o XaunAQ LOPAULAIKY aAvTioTaon.
XOpOaKTINPICTIKA TTapadEiyaTto Tou TEdIOU €QAPUOYNC TNG, OTIOTEAOUV Ol GUUTIUKVWTEC
OTHOU, Ol eEATUICTAPEC KOl ATUOTIOPAYWYIKEC EYKATOOTACEIC.

H mapovoa gpyacia TTpaypatelETAl TNV TIEIPAUATIKA HEAETN TWV XOPOKTNPICTIKWV
TWV 00€LOVIWV KUPATWY (KLPIWG TWV HPOVOXIKWV), TIoU gu@avidovial Katd tn por uypol
VUEVO OE KEKAIPJEVO €TTTEDD TOiXWA. Mo Ta TIEIPAPOTA XPNOILOTIOONKE IOIOKATOOKELT] TOU
EPYOOTNPIOV Kal TO PELOTO NTaV TO vePO. H péBOOOC OLANOYNG TwV OedOPEVWV gival N
MEBOBOC ATIEIKOVIONCG PE POOPICHO KATA TNV OTIoIa TO TOTIIKO TIAX0C TOU LPEVA gival avaAoyo
NG £VIaong TNG OKTIVOBOAIOG TIOU EKTIEUTIEI O VMEVAC KATW OTIO TNV LTIEPIWON OKTIVOBOAIa
KOl AOYW TNG XPWOTIKAG ouaiag 1ou TIEPIEXEl. Ol KUPIOTEPEG TIAPAIETPOL TOL TIPORAAUATOC
gival o apiBuog Re, n kAion tou KavaAlol Kal N cuXVOTNTA TNG EEWTEPIKA ETUBAAANOUEVNG
dlatapaxng.

Zmv Topoloa epyacia eEeTAdOVTal KUPIWE TA XOPOKTINPIOTIKA TwV OISIACTATWY
TIANPWE OVETITUYMEVWV HOVAXIKWV KUPATWY. ETIReBAIOONKE OTI yia XOUNAEC CUXVOTNTEC
EEWTEPIKA  ETIPAANOPEVNG  dIOTAPOXNG EP@Avi{ovTal TIOPACITIKA KOYaTa Kol OTl Ol
OAANAETUIOPACEIC METAED OIOGOXIKWV KUUATWY o@eiAovtal atn dla@opd Tou OYPoug Touc.
AlaToTWONKE OTI n €MIBOAR dlaTapaxng OUOIOG CLUXVOTNTAC OAAA JIAQPOPETIKOU TIAATOUC
ETIIQEPEL  OIAMOPOTIOINGN TWV KUUOTOMOP@WY KOl OTI Yyl (dIEC OlOTAPAXEC OAAA  yIO
JlOQOPETIKOVG aplBuolC Re dev LTIAPXEl METABOAN TOL DYOUC TOL KOPOTOC OAAG LETATOTIION
TOU o€ LYPNASGTEPO LTTIOCTPWHA. ETtiong TtapatnpriOnke OTi N abénaon Tou apiBuol Re €xel wg
OULVETIEIO TNV OUENON TOU PAKOULC KOPOTOG, evw N ad&non tng cuxvotntag TNE dIATapaxNC
ETIIQEPEL TO AVTIOETO ATIOTEAETUA. AKOUA, TEKUNPIWONKE N YPAUUIKI) CUOXETION METAED TNG
(PAGIKNC TaXVTNTOC KOl TOU HPEYIOTOU UPOUG TOU KUPOTOC KOl TIPOTAONKE €vac EVOANAKTIKOG
TPOTIOC  AdIOCTOTOTIOINCNG TWV  XOPOKINPIOTIKWV  PeyeBwv Tou  KOpatoC.  TéAog,
TIAPOTNPENONKE OTI N TPICOIACTATN ACTABEIO dev OONYEI OE XPOVIKO XAOC.
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Ke@daAaio lo Eloaywyn

KegpaAaio 1

Elcaywyn

H mapoloa PJETATITUXIOKN EPYOTia EKTTOVAONKE OTO EPYOOTAPIO PUCIKWY & XNUIKWV
AIEPYAOIQV. ZTOX0C TNC EPYATiag auTng €ival 1 TIEIPAUATIK MEAETN TWV 0OEVOVIWY KUUATWV
(KUPIWG TWV POVOXIKWV) CGE POr LYPOU UPEVA TIOU TIPOKOTITOUV OTIO ETTIROAN PN YPAPMIKAG
TIEPIODIKNG OIEYyEPONG, OE ETMEDD KEKAIMEVO TOiXwHA. MO CULYKEKPIPEVA avoAvovTal TA
KUPIOTEPA XOPOKTINPICTIKA TOUC, OTIwC TO YO, N Tax0INTd, TO PNKOG KUUOTOC, TO PAKOC TWV
TPIXOEIdWV KOBWC €TTioNg 10 LYOC TOU LPEVA OTO PETWTIO KOl OTNV TIAATN TOUG KATA TNV
€EEANIEN TNC ponc.- MapdAANAa yivetal EAeyxoC yia T0 ov Ta KOPOTO aUTA avartocoovTal f
£XOULV TIANPWC avaTttuXOei Kan eEeTAoVTal PAIVOPEVA OTIWG N CUYXWVELCT METAED KUUATWVY Kal
N YEVECN TIOPAOCITIKWVY.

MovaxIkd 1] GOMTOVIKA XapakTnpei{ovtal Ta KOPOTA TI0U £€X0UV aCUUUETPN KUPTWON,
OTIOTOUO PETWTIO, OMOAN OUPA KOl ETTOVTAI KOl ETTOVTAL TWV TPIXOEIDWV PLTIOWOEWVY. Ta KOPOTA
aUTA gP@avICovTal KUPIWE KATA TN PN YPOUMIKA CUUTIEPIPOPA LYPWV LUEVWVY, TIOU PEOLV OF
KEKAIJEVO 1] KATOKOPUQO £TTiTTES0. Mg TOV 0po porj uypPoL LPEVA AVAPEPOUOOTE OTN PON TNG
OTIOIOG TO TIOXOG €ival TIOAD MIKPOTEPO €V CGUYKPICEl TWV UTIOAOITIWV XOAPOKTINPICTIKWV TNG
peyeBwv. Ol LypPOI LPEVEG ATTAVIWVTAL G€ TTANBWPA PBIOPNXAVIKWVY EQAPHOYWY KABWC £XOUV
TNV IKAVOTNTO VO PETAQEPOLY BEPUOTNTA KAl Ao o€ XapnAr LOPAUAIKN avTioTaon.

AOYw Twv Ouvduewv Paplintag, OANG OKOPN KOl Of TIEPITIIWOEIC EAAEIPNC
SIETIPAVEIOKWY TACEWV HETAED OEPIOV-LYPOU, aVATITUCCOVTAl TIOAUTIAOKEC JOUEC KATA TN PON
VPEVWV a¢€ eTTITIEON €TTIQAVEIN. Ol OOPEC AUTEG PETARAAAOVTAL OVAAOYWE TWV XOPOKTNPIOTIKWY
NG Pong, eMNPeAlovIag €10l T PETAQOPA Yadag Kal BepUOTNTAC KAl KATA CUVETIEIN TO Babud

0TT0000NC¢ TWV GUOKELWV OTIC OTIOIEC EPQVICoVTaL.

1.1 lotopikr Avadpopn

To 1834, o John Scott Russell (Zkwtoelog PNXavikog), dlevepyoloe TIEIPAUATA OTO
Union Canal, mou €ixav w¢ OTOX0 T HETPNON NG oXéong METAEL TNC TaXVTNTAG €VOG
TIAEOUUEVOU KOl TNC wBoloag oOuvaung. XKOTO¢ NG €pyaciog autrg ntav n evpeon
MeAétn Odevoviwv Kupdtwy oe KekAipévo Kaval Porg EpyaoTtnplo DuCIK®V Kal XNPIKOV Alepyaciov ]
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OXEOIOOTIKWVY TIOPAUETPWY YIO PETATPOTIA TNG ITITIOdUVAUNG o€ dUVAN armod atuo. Katd tnv
OleCaywyn TwV HETPNOEWV, €Va OKOIVI TUAIXBNKE. TN PETPNTIKN OIATAEN KOl TO TIAEOUUEVO
OTOPATNOE, OXl OUWC KAl TO VeEPO TIou €lonxOn oto kKavAAl (Russel 1844). To teAeutaio
OUOCWPEVTNKE YUPW amo TNV TAWPN o€ KatdoTtaon Biaing diatapaxng KAl Gt CGUVEXEID TNV
TIPOOTIEPACE HE MEYAAN TAXVTNTO KOl €XOVIOG TN HOPQN MIAC MEYAANG OTIOUOVWUEVNC
avuPwanc. Mia TTARPWC AVETTTUYPEVT, OLOAN TTOCOTNTA VEPOU N OTToia GUVEXIE TNV TTOPEIa TNG
KOTA PKOC TOU KAVOAIOU Xwpi¢ METOBOAR Ot popen ¢ N Heiwon g taxomtag g O
Russell dev ayvonoe autd TO ATIPOCHEVO QOIVOUEVO KOl TO OKOAOUBNoE w¢ TO TEAOC TOU

KavaAloL. 'ETal AoITIOV EEKIVNOE va PEAETA T JOVOXIKA KOPOTO 0 OEEAPEVEG KOl KAVAAIQ.

Zxnua 1.1: H meipapatikr didtagn oto Union Canal
XpnolpoTttolwvtag Jio degapevr) 30" KATEANEE oTa €ENC:

e Ta pgovaxika KOopata £xouv popen h sech/\"[k(x - vi)]

e Mia apkoOVIWC MPeyOAn pala vepol eival kavry va Tapdyel d00 1 Kal
TIEPICCOTEPA LOVAXIKA KOOTO

e  Ta povoxIKa KOpoTa Slo00TaUPMVOVTaL HETAED TOUC XWPIG KApia aAlayr)

e 'Eva POVOXIKO KOO PEYAAOUL UYOUC KIVEITAI ypnyopoTEPA ato £va UIKPOTEPO

‘Eva kOpa ogoug h 10 omoio Kiveital og kKavaAl Badoug d €xel TaxLTNTA TOU

divetal amo: v = -y/g(d + h) Q

MeAETN OdevovVIwV Kupdtwy o KekAipévo Kaval Porig Epyaotrpio PUOIK®V Kal XNUIKOV AlEpyoaoiov 2
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Zxnua 1.2: Neipapatkn deauevr) Tou Russell

To 1985 o1 Korteweg kai de Vries dnuoacicsuoav pia Bewpia yia KOyata e pnxo vepo,
BETovTag Ta KOPIO XOPOKTINPIOTIKA ToL TIPpOoPANMaTog Tou Russell. ‘Eva om0 T aTIOTEAECUOTA

NTav N Yn YPOUMIKn dla@oplkn eéicwan:
du s, £d7, N udu o
dt d Y X (2)

n omoia Ba £maile oNUAVTIKO POA0 0T Bewpia Twv coAitoviwv (Korteweg & de Vries, 1895).
Ztnv e€iowaon aut) o 6po¢ u (x, /) €ival To péyebog Tou KOPOTOog, 0 6pog ¢ = Jgd eival n
TaXUTNTA TWV PIKPWV KUPATWY, T0 € = c(d2/6-T/2pgy cival pia mapayeTpog didxuong, o
0po¢ y = 3c/2d gival n un ypauuIK TIOPAUETPOC Kal Ta T Kal p €ival N ETIQAVEIOKT] TACT KOl
N TIUKVOTNTO Tou pPeuvaTol avtioToixa. O1 Korteweg kal de Vries €0€iéav mwg n TopaATIAVGL
egiowan, €xel Aoon NG popeng u(x,tj=TMnx - vi)oémou Oeival n «TTANPWG OVETITUYHEVN,
OMOAI TIOOOTNTA VEPOU» KOTd Russell Kot v n tax0Inta Tou KOPATOG. Av 0 Opo¢ € KOl N un
MEAETN OBeLEVTWY KUPATWY 08 KEKAIEVO KavdaAl POAC EpPyaoTipw DUGIKGY Kol XNUIKOV AlEpyaciov 3
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YPOUUIKI TIOPAUETPOC Yivouv pndév, t0tEe n €Ciowon Korteweg-de Vries (KdV) vyivetal
YPOMUIKN:
ut+cux =0 (3)

Mevika n e€icwaon KdV gival un ypauuikn ge akpifr) A0on yia 0devovTa KOUaTa:

u(x, t) = hsech? [kfyx — vt)\ (4)
omou k = N/y0/12¢g vTtodnAwvovTag OTI Ta PeyaAUTEPO KOUOTO €ival o amotoua. Me N

HOP@N OUTH TO OTIOTEAECUOTO TNG dldxuong €El00PPOTIONY AULTA TNG MN YPAPMIKOTNTOC.
JUVETIWC TO HOVOXIKA KOPATO avayvwpidovial w¢ SLVOUIKEG OVIOTNTEG, TIOU dloTNPOUV i
ICOPPOTIIO AVAYETO OTIG Ttipoavagepbeiaeg emidpaaelg. Ot TaxVUTNTEC TWV PMOVAXIKWY KUHUATWY
OXEeTiICovTal PE Ta YEYEDN TOUC:

v=o0+yl/3 = (1+h/2d) (5)

YEYOVO( TIOU £PXETAI OE CUHPWVIA UE TO EUTIEIPIKO POVTEAO Tou Russell. MapoAo mou dev rtav
YVWOTO TOTE, TO TTOGO TNG EVEPYEIOG TIOU dIATNPEL €va POVaXIKO KUPO GUVOEETAl APESOA E TO
petaoxnuotiopoy Backlund (BT), mou emiong peAeTolvTav ota TEAn tou 19w aiwva (Lamb,
1976). Z& QUTO TO METOCXNUATIOUO MIA YVWOTA AUCN TIAPAYEL LA VEX PECW OAOKANPWONC.
Eivar amA6 va Ppebei évag petaoxnuotiogoc BT yia KABE ypauPIKY MHEPIKN JIOQOPIKI)
e€iowaon, n omoia €l0dyel Pia vEa 10100LVAPTNGCN TNV AUCN. MOVO €IOIKEC TIEPITITWOEIG [N
YPOUUIKWV JIO@OPIKWY EEI0WOEWV €Xxouv BT. Qatdoo ol pabnuatikoi tou 19 aiwva néepav
OTI QUTEG TIEPIEXOLV:

:;;T = sinu (6)
TO OTIOIO TTPOKUTITEL ATIO TNV YEWMETPIO KAPTIVAWY ETTIQavEIWV (Steuerwald, 1936).

To 1939 o1 Frenkel kol Kontorova Tmapougiocav &va (@QAIVOPEVIKA 0OUVOETO
TIPOPBANUO TIOU TIPOEKLWE aTIO TN (PUGIKN OTEPENC KATAOTOONG. XTOXOC TOUC NTIAV N
HovTeAOTIOINGN TNG oXéong MHETAED Twv OLVAPEWV METOTOTIONG KAl TNG TIAACTIKNG
TIOPAUOPPWONG €VOC KpuoTAaAAou (Frenkel & Kontorova, 1939). ATO T HEAEIN aQUTA N
egiowan Tou TIEPIYPAQEL TN PETATOTIION Eival:

92u 52u

1= sinu (7)
dx? at

OTIoU u(X,t) €ival n PETATOTIION OTNV KATELOLVAON X KAl N cuVAPTNCN “sin” AvaTapIoTA TNV
TIEPIODIKOTNTA TOU KPUGTOAAIKOU TIAEypatoG. H AUon yia 0dsvovia KOPOTO TNG TTOPaTIavR

e€iowaong, mou avTIoToIXEl 0TN PETOTOTIION €ival:

MeAETN OdevovIwv Kupdtwv og KekAipévo KavaAl Porig EpyaoTtnplo DUOIKWV Kal XNUIKWV Algpyaciov 4
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X-vt *
u(x,t) = 4arctan exp(

(8)

n/ - w2 Vi
HE TNV TaX0INTA vV va Kupaivetal petagv (-1,+1). E@doov n egiowan (7) ival tapopola g
e€iowang (6) pe avegdptntn PETOPANT peTtaoxnuatiopov [§ =fx- t)/2 kit = (X +1)/2], n
aKpPIBAC AVoN NG €€icwaong (7) oL TIEPIEXEI CUVIOTWOEC UPETOTOTIONC OTIWG N £€iowan (8), Ba
uTIOpOUCE va TtapaxOei amd dladoxIKoUC PeTaoXnUatiopolg Backlund, aAAd autd dev ntav
TOTE YVWaTo atoug Frenkel kai Kontorova.

210 TEAN Tou 1940, o1 Fermi kai Ulam eioryayav éva amd 1a MPWTA ETIICTNHMOVIKA
TIPOBAAUOTO TIOU TTPOGdIoPIoONKAV GTNV UTIOAOYICTIK] pnxovry Los Alamos MANIAC. To
TIPOPBANUO  ava@ePOTay otV OUVAUIKI TNC EVEPYEIOG EVOC MN YPOMUMIKOU KPUGTOAAIKOU
TIAEYUOTOG TIOU O@QOPOUCE TN BEPUIKA aywyluoTnTd. To cOoTnua Tou JIGAEEav ATV HIa
oAvgida amo 64 cwuaTiola idl10¢ PALAE, TLUVOEOUEVO PE PN YPOUUIKA EAATHPIO. ATIO YPOUMIKAG
amoying uvTMpPXavV 64 TUAPATO TIOU TAAAVTWVOVTOV O0T0 oUCoTNUa. Mpoodokovoav AoITTov, OTI av
OAN TNV apxIKn evépyela €0ete age 10X0 TIOAUIKN Kivnon, n HIKPR PN YPAMUIKOTNTA Oa
dnuiovpyolce Pia OTadIaKr TIPO0d0 EVAVTI iIONG KATAVOWNC NG EVEPYEIOG € OAO TO TUNMATO.
Ta aplOUNTIKA ATIOTEAECHATO OUWG, TIPOKAAOUGAV EKTIANEN. Av OANn N evéPyeld BPICKOTAV GTO
TMAMO TNG XOUNAOGTEPNC CLXVOTNTAG, ETIIOTPEPEI OXEOOV OAOKANPN OTO TUMAMO eKeivo, DOTEPO
aTo pIa TIEPiId0 OAANAETTIOPACNG METAED GAAWV TUNUATWVY XOUNANG EVEPYEIOC. XTO TTAQIGIO
OPKETWV APIBUNTIKWV BEATICTOTIONNOEWY, OV TIAPATNPENRONKE UeTa@opd Beppotntag (Fermi et
al., 1955). H mpoomabela yia e&nynon autrg g «FPU emavep@daviong», odrynoe Toug
Zabusky kail Kruskal va mpooeyyiocouv To oparmnave ocUoTnUa XPNoIUOoTIoIVTaG TNV e€iowan
KdV.To 1965 ol apliBunTIKEG TTapaTnPEnoElC avépepav OTI Ta KAV povaxiké KOpata TEpvolv
TO €va PECO aTIO TO AANO XWPIC aAAayr) GTO OXNUA i} TNV TaXVTNTO KAl TOUC £dwaav To Gvopd
“solitons” (Zabusky & Kruskal, 1965). O1 Zabusky kai Kruskal dgv Atav Ol TIPWTOI TIOU
TIOPATHPNCAV OUTEG TIC OAANAETIIOPACEIC OTA POVOXIKG KUpato. EKTOC amo TIC PETPOEIC TOU
Russell, o1 Perring kat Skyrme peAétnoav tn AVon ¢ e€iocwong (7) Kal cuuTiepiEAapav duo
Aboelg onwg otnv e€icwan (8) (Perring & Skyrme, 1962). To 1962 e€&&dwaoav apIOUNTIKA
OTIOTEAECOUATO TIOU €QEIXVAV TNV TEAEIO AVAKINGN TWV HOPPWV KOl TWV TOXUTATWY HETA 0Tt
olyKpouaon Kal TIEPIEypaav ETTOKPIBWE auTd TO @AIVOUEVO. TO QATIOTEAECUO OUTO Ogv NTOV
OTIPOCHEVO YO TOV Seeger, TIOU E€iXE TIOPATNPNOEL OUVOECN METAED TWV OTTIOTEAECUATWY TOU
190 alwva kat outwv Twv Frenkel kail Kontorova (Seeger et al.,1953). O1 Perring kat Skyrme
evola@epOnkav yia v egicwon (7) w¢ YN YPAPUIKO PMOVTEAO VIO OTOIXEIWON CWHATIOI TNG
UANG, waTtdéoo, N TANPNE armoucia dlaKuPavong fTav amoyontevuTikl. Méoa oto 1960, n
MEAETN OBELOVIWY KUpATwV 08 KEKApEVO Kavaht Porg Epyactipio GUGIK@VY Kat XNUIKOV AlEpyaciov 5
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Kepdaraio 1o Elocaywyn

eCiowan (7) xpnowdotoiénke ae MANBwpa TtpoBAnuUdtwy. TEAIKA N e€icwan (7) €yive yvwoTn
w¢ “sine-Gordon” (SG) e€icwaon (Un YypAPUIK €kdoxn Tn¢g eéiocwong Klein-Gordon:
u,, - U, =u). Emiong o1 @uoikoi Tou gpeuvoloav T OTEPEA KATACTOON E€ixav apxiocel va
BAéToLV  cuVAEEID PETOED TWV HOVOXIKWY TOULGC KUMATWY KOl QUTWV TIOU TIEPIEYPOPE N
WKEAVOoypagia Kal N uOPOSUVVAMIKI].

Q¢ ta pyéoa tov 1970, n 1I0€a TWV GOAITOVIWV €iXE BPEL EPAPUOYT GE TIOAEC TIEPIOXEC
NG EQOPUOCHEVNC ETIICTAUNG KOl O APKETA OLUVOUIKA cuotAuata. Ta TEAELTaia Xpovia, Ol
MEAETEC €0TIAlOLV COTNV TIEPIYPOPN TWV XOAPAKTINPEICTIKWY TWV OOATOVIWV KOABWC autd
ey@avidovtal o TTANBWPA PIOUNXAVIKWY e@apPoywy (Scott, 1999).

2NV Tapovoa PETATITUXIOKK Epyaaia eEeTAloVTal TA PMOVAXIKA KOUOTA, TWV OTIoIWV
1 d1a@OoPA ATI6 TO TOAITOVIO EYKEITAI OTNV UTIAPEN IEWAWV OUVAUEWVY. AUTOC €ival Kal 0 AOyo(
TIOU OTA MPOVOXIKA KOUOTO Ol HETAED TOUC OAANAETUOPACEIC ETUPEPOUV METABOANR TWV

XOPOKTINPICTIKWVY TOUC.

1.2 E@apuoyeg Tng Pong YypoL Yueva

H por uypoU LUEvVA OTTOTEAEL Eva GNUAVTIKO TIESI0 TN PNXAVIKNC TWV PELOTWV KABWG
OTIOVTATOl 0€ TTANBWPA PIOUNXAVIKWVY £QAPUOY®WY. H UIKP BEPUIKA avTioTaon Kol n PeyAaAn
ETUPAVEID ETIOPNE OE MIKPOUE pLBUOUC Porg KAVOUV TOUG LYPOUC UHEVEG EVO OTIOTEAECUATIKO
MEOO KaTA TN OJladikaoio PETO@OPAC Oepuotntag o€ OIETUPAVEIEC. [EVIKA, ULTIAPXOLV
TIEPITITWOEIC TIOU  €ival emBuunty €ite n eAaxiotoroinon Ttou Pabuol amodoong Twv

QUIVOUEVWVY LETAQPOPAC, EITE N PEYIOTOTIOINON TOUC.

Zxnua 1.3: Epappoyr tng pong uypou LPEVA OTn SIPACIKN por)

MeAETN OdeLdVTWY Kupdtwv og KekAipévo Kaval Porig EpyaoTtrpio UKWV Kol XNPIKWV Algepyaciaov B
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Keparaio lo Elcaywyn

H OOKTUAIOEIONC pory TIOU ATIOTEAE éva amd Ta KOBeoTwTa SIPACIKAG PONC TOU
geU@aviovtal oToug OUAOUC TWV OTUOTIOPOYWYIKWY HOVAdwWY Kal B6a  uropoloe  va
TIPOCOUOIWOEl Pe TN por) LypPoL LUPEVO O KATOKOPUEO £TIMEdO (ZXNMa 1.3). ZTIC PNXOVEG TwWV
TIUPOVAWV N PON LYPOU LPEVA XPNOCIUOTIOIETAl YIO BEPUIKN) TIPOCTACIA TWV TOIXWHATWY TOU
BaAdpou KadONG AAAA KAl VIO TO OXNMOTIOPO OJoyevoU(C JiyUoTog Kauaipou. Ol ypoi UPEVEG
Bpiokouv e@apuoyn Kal oTnv YPuen Twv TIUPNVIKWV avTIOPACTIPWY KABWC ETIITUYXAVETAI
S1aPBPOXN TwWV TOIXWHATWY YE KOBOPO VEPO TIOL BEPUAIVOPEVO eEaTuileTal.

H porj uypoUl vpEva eQPAPUOLETAl O OPKETEC GUOKEVEC PETAPOPAC Palag OTwe gival
Ol ATIoPPOPNTEG, TA KEAIA NAEKTPOALONG KAl Ol KPUCTOAAWTEG. 2TO oxNua 1.4 TtapouaialeTal
Ml SlATagN METa@OPAC PALaC pe porp AETTTOU LPEvA. AEPOC KOl OUPwvIa €l0€pXovTal OTo
oUOTNUO Kol KOBWE UTIAPXEL por| VEPOU HPE HOPEPNR UPEVO OTOV OTIOIO 1 CUYKEVIPWON TNG
OUMWVIag €ival PNOEVIKN, N APPWVIO PHETAQPEPETAL ATIO TNV AEPIO PAla OTOV LYPO LUEVA KOl
OUAAEYETAL.

Air + NH3 -1 Hjp y-Wafer in

ammonia oirt

Ixnua 1.4 Aldtagn PJeTa@opdg Halac e pon AETIToi) upéva

Ol eVOANGKTEG OEpUOTNTAC UYPWV LHUEVWVY XPNGCIUOTIOIOUVTIAlI W CUUTIUKVWTEC TWV
WUKTIKWV PECWY OTNV KPUOYEVIKI] TEXVOAOyia. Idlaitepa  evdla@épovia  TTapadEiypata
OTTOTEAOUV Ol GUUTIUKVWTEC OTUOU - OTIoU ouvhBwg n KUPIO aVTIOTOON OTn PETAQOPd
BepuoTNTAC TIPORAAAETON ATTO TOV LPEVA TOU CUPTIUKVWMOTOC. To TIPOC CGUPTIUKVWGN LYPO
EICEPXETAL KATOTIIV TIPOBEPUAVONG OTO CUCTNUO TWV CWANVWY amo tn Bdon tou. MNa yikpn

aTIO0TOCN TO LYPO CUVEXWC BEPUAIVOUEVO PEEL OKOAOLOWVTAC OVOJSIKN TIOPEia LTIO TN PoPPN

MeAEtn Odevoviwv Kupdtwy og KekAipévo Kaval Porg Epyaotriplo PUOIK®V KAl XNUIKWV AlEpyactav  ~|
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KegpdAaio lo Eloaywyn

UPEVA, TIOU KOAUTITEL TO ECWTEPIKO TOIXWHO TOU CWANVA, €wg OTOL OpPXioel 0 BPacuog Tou,
OTIOTE Ol ONUIOUVPYOUVUEVEC (QUOAAIdEC aLEAVOUV TNV TAXVTNTA TOL LYpPoU KOl TOV PuBUO
peTddoong BepuonTag. To LPEVIO TOL OAOEVA CUUTIUKVOUPEVOU LYPOU avappixdtal Taxotata
OTO TOiIXWHA TWV CWANVWVY, TO OTI0I0 BepuAivVETal A0 TOV CUPTIUKVWUEVO OTHO TIOU
KUKAO(MOPEI amo TNV €EWTEPIKI TIAELPA TWV CWANVWY. TO HiyHa TOU GUUTIUKVWHEVOU LYPOU
KOl TOU TIOPOYOPEVOU OTUOU EICEPXETAl OTO dlaXwpIoTh, OTIoU Kal dloxwpiletal. O TuTToC
OUTOC OVOUALETOI CUPTIVKVWTHG avePXOUeVNC oTiBadag eoendiN-itiin evaporators).

Hot Drain Water from
Shaw«me and SKeifca

Drain Wyic*

Zxnua 1.5 EVaAAGKTNG BepuotnTag

Katd tapouolo tpoOmo AEITOVPYEI KOl 0 CUUTIUKVWIAG KOTEPXOMUEVNG OTIRAdAC
(falling-film evaporators), pe ™ dl0@QOPA OTI TO TIPOG CUPTIUKVWON LYPO EICEPXETOL OTOUC
OWANVEG OaTIO TNV KOPULEN TOUG KOl €EEPXETAI OTIO TN BACN TOUG WC MiYUO CUPTIUKVWUEVOU
LVYPOU-ATUOU, OTIOTE KAl EICEPXETAl OTOV JIOXWPIOTH Tou Bpioketal ouvdedeyévog atn Bdon
TOU €VOAAAKTN. EtumAéov mapoadeiypata gival ol EATUICTIPEG TIOL OTIOTEAOUV PBACIKA PEPN

Katd tn dladikacia améotagng tov BaAacolvol vepol. YUEVEG VEPOU Ppiokouv e@appoyn

MeAétn Odevoviwv Kupdtwv oe KekAipévo Kaval Porig Epyaotriplo ®uoikov Kal XNUIKOV Alepyaciov g
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KepdAaio lo Elcaywyn

omnv Yuén Ttouv BeTkoD 0&wg, OTn YoAoKToBlounxavia (Zxnua 1.6) KAl YeVIKA oTn

Blopnxavia tpo@ipwv.

Ixnua 1.6: EQapuoyr bypwv VPEVWY GTN yOAdToBIopnxavia

TeAevTaia, XPNOILOTIOIOVVTAL EVPEWC Ol POEC PE DECUN YIA ETIECEPYATIO ETOAAIKWV
N TIAAGTIKWV ETTQAVEIDV. KATA TNV TEPITITWAN AUTH TO ETITESO TN OEGUNG TIOU TIPOCKPOUVEL
OTa TOIXWMATA, UTIO JIOQOPETIKEG YwVieq oxnuatidel bypoUC LPEVEG TIOU €EATIALVOVTAI TIAVW
otnv em@eavela. Ot yeBodol avtoi e@apuolovtal yio avoTtnon HETAANWY, KaBapIoPO Twv
EC0WTEPIKWV ETTPAVEIOV OUAWV 1] OEEAPEVIV KOl YIO XNUIKO @PE(APICHN TWV HEYAAWVY UEPLV
TWV 0EPOTKAPWV.

Ol LypOIi LUEVEC TTOPATNPEOVVTAI KOl KOTA TNV ATTOUAKPULVOT LYPNG TEQEAC aTI0 TOUC
KAIBAvouc. Ta TpoBAAUATa TIOU UTIAPXOUV KOTA TN CULAAOYN KOl TNV €KPETAAAELON TWV
OTIOPANTWYV  OUTWV, OTIOTEAEL  ONUAVTIKA  TIPOTEPAIOTNTA  AOYW  TWV  AUENUEVLV
TIEPIBAANOVTIKWV TIEPIOPIOHWVY. ETTioNg n xprion twv VPévwy yia KaBapliopo Twv agpiwv Kal
TWV VYPWV OTIO TIPOCMIEEIC €ival OAOEVA KOl TIEPIOCOTEPO OUEAVOEVI, YEYOVOC TTIOU OPEIAETAl
OTIC OULOTNPEG OIKOAOYIKEG ATIONTAOEIC. TEAOG TA QPAIVOPEVA PONG KOl ELOTABEIOG AETITWV
VPEVWVY KaBopidouv Ta XOPOKINPIOTIKA KOl OAAWVY TEXVOAOYIKWV KOl TIEPIBOAAOVTIKWV
OUCTNUATWY HE 10IAITEPO EVAIAPEPOV, OTIWC YIO TIAPADEIYUO TN OCUMTIEPIPOPA TITEPUYWV
OEPOTIAGVWV KOTA TNV TITION UTIO ouvOnkeg Bpoxomtwong (Pelekasis & Tsamopoulos, 2001).
MEeAETN OdevOVTWY Kupatwv oe KekAipévo KavaAt Porg Epyaotrpio PuoIK®V Kal XNUIKOV Algpyoaoiov 9
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KegpdAaio 1o Eloaywyn

TxAua 1.7: EQapuoyEC TNG pong uypol LUEVa

MEeAETN O3eVOVTWY KUpATwVY og KekAINEVO KavaAl Porg Epyaotrpio ®UCIKOV Kol XNUIK®V Algpyaciov 10
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Keg@dAaio 1o Elcaywyn

1.3 Opyavwaon Tng Epyaaiag

To UTIOAOITIO QLT NG METATITUXIOKNC EPYOCiag XwpileTal o€ TECTEPIC EVOTNTEC TIOU

KataAapBavouv ta Ke@aAalo 2-5, avTioToixa. ZUyKeKPIPEVA:

210 Ke@daAalo 2 yiveral pia TpooTadeld CUVOTITIKNG TIEPIyPA@nG NG Olebvolg
BIBAloypagiag, HE TNV OTIOPAITNTN €0TIOCON OTA TUO TIOPEUPEPN GPBPA Kol AVAAVETAl TO
TIPOPBANUA TIOU 0QOPA TN por LYPoL LPEVA OE KEKAIPMEVO ETTiTted0. Mapoualddovtal Ol OpICHOi,
ol TapadoxEG, Ol €&I0WOEIC TIOU TIEPIYPAPOLY TO TIPOBANUA, Kal Yiveral ava@opd o€

TIEIPOUOTIKA ATIOTEAECUOTA TIOU TIPOEKLYOV OTIO TN MEAETN TOU QAIVOUEVOU.

210 KepdAaio 3 TTapoualiadetal apxIKa n TIEPAPATIKI OIATAEN TIOU XPNOCIUOTIOONKE,
avoAVETal N dladikagia AQYPnG Twv OATIOTEAECUATWY PE TN PEBOJO ATIEIKOVIONG YE QOOPIoHO

KOl TIEPIYPAQETAL N EPAPUOYI] TNE OTO ETTTIESO TOIXWHA.

210 Ke@dAalo 4 ekBETOVTAI TO TIEIPAPOTIKG OTIOTEAECUATO TIOU TIPOEKLYAV OTIO TN
pon uypoL LHEVA TIAVW OF ETTMEDD TOIXWMA, YIO TIC OIAPOPEC TIAPAPETPOUC TIOU ETUAEXONKAVY.
TéNoC oTo Ke@dAalo 5 avaAUovTal T CUPTIEPACHOTA TIoL €ENXONCAV Kal yivovtal TIPOTACEIC

yla HEAAOVTIKE €pELVA.

MeAETn OdevovTwy Kupdtwy oe KekAipévo Kavahl Porg EpyacTnpio ®UCIK®V Kol XNUIKWY Algpyooicov  J J
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KegdAaio 20 BiBAloypa@Ikry AvaoKoTnan

Ke@aAaio 2

BiBAloypa@Ikry AvaoKoTinon

2TO KEQPAAQIO OUTO TIEPIYPAPETAI CLVOTITIKA N PIBAIOYpO@ia TTOU OXeTiCeTal PE TN pon
vypol LPEva, LTIO TNV emidpacn NG PaplTNTAg TAVW Ao
apxn oidovtal ol EEICWOEIG TIOU TIEPIYPAPOLV TN PON TOU UMPEVA. ZTN GUVEXEID YIVETAl ava@opa
ot dnuIovpyia Kol €EEAIEN TWV KUPATWY TIOU TIPOKUTITOUV AOYW TWV JIA@OPWV ACTABEIWV.
AKOAOULBEI N TTapovaiacn Twv BEWPNTIKWY, LTTOAOYIOTIKWY KAl TIEIPAPATIKWY HEAETWVY YO POr)
TAVW OTIO KEKAIUEVO ETTTIESO TOIXWMHO. TEAOC YIVETOI IO EKTEVECTEPN OVOQOPG OTN HEAETN
PONG LYPOU UUEVA UTIO TNV ETTIOPACT] EEWTEPIKA ETTIROAAOUEVNC dlatapaxng Yia SIAPOPEC TIMEG

NG oUXVOTNTOG JIATAPAXNG.
2.1 Baolkn porj og eminedo 1oixwua

H amAolaotepn pop@r] Tou TPoRAAUATOg TN¢ poN,, ot K
NG pong Nusselt. @ewpolpe OTI N PON €ival ACLUTTIETTN, OTPWTA KAl TO TIAXL" TOU LHEVA Eival
OUOIOPOPPO KATA HNKOG KEKAIMEVNC ETITIEdNG ETTIQAVEING UNAKOULCG L, n oTmoia Ppioketal oe
MEYOGAN amdotacn amod Ta GKPA TIOU EICEPXETAl KOl EEEPXETAl 0 LHPEVOC. 'ETOl 0 upévag dev
eETMNPEAETal AOYW TWV GUVONKWV TIOU ETTIKPOTOUV OTO AKPO KOl Apa n TaxVTNTO TOU KOTd TN

dlevBuvan x gival ave€dptnTn TOL PNKOUG X.

Ixnua 2.1: Porj og KEKAIUEVO €TTTIEDO

MeAETN OdeLOVTWV Kupdtwv e KekAiuévo KavaAl Por¢ Epyootripio PUOIK®V Kal XNUIKWV Alepyaciov  J 2
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Ke@dahalo 20 BiBAloypa@ikr) Avaokomnaon

O1 Ttapayopeveg €EI0WOEIC YIO TN OIGAIACTATN POor AETITOU LYPOU UPEVA KOTA WNKOG
EVOC KEKAIMEVOL ETTITTEDOL, gival Ol e€lowaElg cuvéxelag Kal Navier-Stokes yla aoUUTIIECTO

PELOTO.

Vu =0 (2.1)

(U-Vu)j=-Vp+pg+ 2u (2.2)

0pO¢ p €ival N TIUKVOTNTA TOL PELCTOU, W TO IEWOEC, P N Tiiean, g n erutdxuvvon ¢ BapLINTOg
Kal u= (ux, uy, uz) tTo dldvuopa NG taxLINTaC. Emedr) 10 pevoTd KIveital PYovo atnv
KatevBuvan X ol 6pol uy= uz=0. ZUVETIWG N €€icwan GLVEXEIQC YiveTal:

du.

=0 2.3
i (2.3)

du
Emiong Bewpwvtag tn por] YOVIUN TIPOKUTITEL sz = 0 o1 e€lowoelc Navier Stokes Ttaipvouv
t

HopPON:
dP 2w A
(2.4)
—*+pg-+fll <=0
d

OMokAnpwvovtag TV e€iowan (2.5) TPOoKOTITEL
P(y)=p-gy 3;" C (2.6)
21N SIETUQPAVEID LYPOUV-AEPA N TTiEDN €ival ion YE TNV ATHOCEAIPIKY, dNAADH):

P(x,hN) = -Pam 2.7)

onAadn n Ttieon otn SleTU@AVEIN deV EEAPTATAL ATIO TO X

(2.8)
'ETo1n oxéon (2.6) pe xpron tng (2.7) divel:
- Pa,m=P-gy-KH C= C=-Pam"' P'gy'K (2.9)
apa
P(y) = p-gy-y- Pam- P-gy'K (2.10)
oTIOTE TN 0X€on (2.4) KATOANYOULE:
d2u

= -P-gx =>«, = ————+Cpy+C: (2.11)
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KegpdAaio 20 BIBAloypa@Ikr) AVOOKOTINGN

ZUVOPIAKEC TUVONKEC TIOL SIETTOUV TO TIPOPANUAL:
e JuVONKn un oAioBnaong otn JIETIPAVEIA HETAED TOIXWHATOC KOl peuoTtol (Vv=0)
ux(y =0)=0=>C2 =0
H diatuntikni tdon €ival ion pe unodév otnv eAelBepn ETTIQAVEIQ TOL PeLOTOL (Y=IiN)
du. du.
TVX=—HM- = O =0= C, ="-h (213)

dy y=hN y=hN

AVTIKOBIOTOVTOC TA TIAPOTIAVW OTNn oxeon (2.11) Ttaipvoupe TNV aKOAOLON €k@pPacn yia Tnv

Tax0TNTa:
Y'hN —y (2.14)

H péon tiur g tax0TNTag TTPOKUTITE OTIO OAOKANPWGN NG oxéong (2.14):

\UAY)dy L2 A
o2 ° gx'K g'hN -™¢ (2-15)
h, 3V 3-v

©¢tovtag y=hN Ttaipvouue TN PEYIOTN TN TNE TaXVTNTOG:

gxX'K g-hN -sin®

““max =— = (216)
YA 2-v 2-v
JUVETIWE TO LYPOC TOL LPEVA CLVAPTNOEL TNG PEONG TaxLTNTOG diveTal ATTo:;
3v-u
hN — ] (2.17)
g-une

KOl GLUVOPTNGEL TN OYKOUETPIKIG TIOPOXNE ATIO:

3vigq
hN =\ .
gising
H pon mepiypagetal amd toug adlaotatouc aplbuolg Reynolds, Weber kai Kapitza, mou

divovTtal armo TIG OXETEIC:

u-K,

We = ! (2.20)
(p-u ®hN)

Ko = 7 (2.21)
p—An—gm
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Ke@aAaio 20 BiBAloypa@ikr) AvaokoTmnaon

ZTIG TUO TIAVW OXECEIC U €ival n péon Tax0INTa,  TO TIAXOC TOU ETTTTEOOU LUEVA KOATA
Nusselt, p n TTUKVOTNTO TOU PEUCTOU, Y N ETUQPAVEIOKI TACH KAl g N ETITAXLVON TNC PaplInTag.
Mo ouxvd XxpnoldoToleital o apiBuog Kapitza évavtl tou aplBuod Weber, kaBwg eival
OUVAPTNON TWV PUOIKWV IBI0TATWY TOL PELCTOU KAl AveEAPTNTOC TNG TIAPOXNG.

H dlapopewon NG eAeBePNC ETIIPAVEING €ival AyvwaoTn, Yeyovog TIOU OTIOTEAE TO
{NTO0PEVO TOU TIPOPANMATOC. 'ETC1 AOITIOV TO TIPOPANUO €ival un YPAUUIKO Kal yia TNV €TTIALON

TOU ATTIAITOUVTOI TIOAUTIAOKEC OONUATIKEG PHEBODOL.

2.2 H ypappiKr) evotdbela TnNg por¢ o€ eTITIEDO TOIXWHA

Mépa amo Karmolo aplBuo Re, TTPOKUTITOLV AcTABEIC AVCEIC OTO TIPORANUA TNG PONG
VYPOU LPEVA OE KEKAIUEVO eTTiTTed0. ETURAANOVTOC OTN pon pia dlaTapaxr, OUTH avaTITUCCETAl
KOTA PNKOG TOU TIEdIOU PONCG Kal 0dnyei oTn EUPAVION KUUATWY Kal GAAWV TPICOIACTOATWY
oopwv. O1 dIodIACTATEG JIOTAPAXEG Eival TIIO a0TABEIC amo TIC TPICOIACTATEG, CUVETIWC T
KOPATA TIOU ONUIOLPYOUVTAL OTIO TIC TIPWTEC TTAI(OUV ONUOVTIKO POA0 oTnv €€EAIEN TNG PONC.
MNa 10 A0yo autd n MEAETN NG YPOUUIKNCG €uoTABelag otnpidetal otn Bewpnon Twv

3100100 TATWY JIOTOPOXWV.
Me adlacTatorioinon Twv Pacikwv €EI0WOEWV TG PONC HE TA aKOAouBa
XOPOKTNPIOTIKA UEYEDN:

e  XOpPOKTINPIOTIKO UAKOC: liv

e XapaKInpIloTIKOG Xpovoc: v/ u

A
e XOPOKINPIOTIKN) TTiEN: p U

MPOKUTITOLV Ol TIAPOKATW EKPPACEIC VIO TNV TaXVTNTA, TN POIKI ouLvAPTNoN Kal TNV

Ttieon avtioTolxa:

(2.22)
(2.23)
(2.24)
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EmBaiAovtag otn pon dididotatn diatapaxr TN HoPQnG:
W= + (2.25)

n=h- Ae* " (2.26)

OTIOU O 0 adIAoTATOC KupaTapIBuog: o =ahN = .

Kal ¢ N adldotatn ToxuTnTa: ¢ =—

Uo
ATO TNV e&iowon Navier-Stokes peE OTOLPWTH TIOPAYWYION, ATIOAEIPETAI 0 OPOCG NG
Ttieon¢ Kal TpokUTTTEl N e€icwan Orr-Sommerfeld yia ta ebpog Tou f(y):
-202F +«7 =/Rea(u-c)(f"-a2f) - u"f] (2.27)
Ol oLVOPIAKEC TLVONKEC TOL TIPOPARUATOC Eival:
e JUuVvONnKn Pn oAicOnaong Kait pn dieiocduong oTo ToiXwua, dNAadK PNOEVIKY TaxUTNTA o€
OAeq TIG dlELBUVCEIG TOL TolXwHatog: y=0 :pu=v=0= /(0)=/'(0) =0 (2.28)
e TNV €Ae0BePN ETUQPAVEIO O TAVUOTNC TACEWV Eival PNoEV KATA TNV E€QPOATITOUEVIKI)

dlebbuvan Kal {00¢ PE TNV KOPTIVAOTNTA ETT TNV ETIPAVEIOKN TACN KOTA TNV KABETN

dlevbuvon: y=1H n: on+'t=0 Kol 0N (2.29)

H A0on vyia 1o Tmopamavw TPORANUO, Yyio KOPota peydAou pnkoug  (61tou

2ol «1) €xel1 d0B¢ei amo tov Yih (1963) w¢ €ENG:

Oegwpolpe Toug ayvaaoTtoug /(1Y) Kal ¢ w¢ avartuypata Taylor wg mtpog a:

/O) =/00) + of\ (y) + a2f2(y) + ... (2.30)
c=cl +ac +az2c? + ... (2.31)
ATIO TN A0ON MPE TOUG OPOUC TIPWTNG TAENG TIAIPVOLUE OTI N pPoN YiveTal actabng otav o
ap1Buog Reynolds Eemepdael pia kpiolun Tiurp Rec. 'ETol aotdBela €X0LUE yia:

E Re-cotg >0 <> Re, = ECOtd (2.32)
c

H oxéon autl touv Kpiolpouv apiBuol Reynolds pe TNV ywvia KAiong mng porg
eMIBERBAIOONKE TIEIpAPATIKA om0 Tou¢ Liu et al. (1993) Kol OTn OULVEXEID OO TOUC
Vlachogiannis & Bontozoglou (2001). 210 oxnua 2.2 BAETIOUPE TOV Kpioluo Re w¢ auvaptnon
NG ywviag KAIoNg yia 2 SIa@OPETIKA PEVCTA. ZT0 idl0 GXNUa, Ol KAUTIUAEC AUTEC GULYKpPIVovTal
ME TNV BewpPNTIKA TIPORAEWN YO £TITIEDO TOIXWHA.
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5/6cotip O wiler 4 28%W Glycerol

IxNHa 2.2: KapttuAn euoTtaBelag tng pong uypou VPEVA O SIAQOPEC KAICEIG WG cLVAPTNON Tou apiBuoL
Re. () Ka=3365, (-) Ka=1102, (—) Re=5/6cot<p.

Ol PETPNOEIG TIOU TTOPOLCIAOVTal OTO GXNHO 2.2 €yIvav PE VEPO Kal SIAAUUA VEPOU —
YAUKepPiVNG 26% K.B. O1 000 O€IpEC TWV TIEIPAMUOATIKWV OTIOTEAECUATWY  CUMTTITITOUV,
aTTodeIKVUOVTAC OTI N acTtabela eEapTatal POvVo OTI0 ToV OpIBud Re Kal OXl Ao 10 €idog Tou
pPeLOTOV.

O pubudg av&nong (growth rate) kKol n @acikni taxLINTo (phase velocity) Twv
OTIEIPOCTWY KUUATWVY UTToPE va Ppebolv LTTOAOYICTIKA wC CUVAPTNOT TOU KLUOTAPIBUOUL yia
TIETIEPACUEVEC TIMEC TwV Re, We Kal ¢. INa oAU PIKPOUG KUPATAPIOUOUCE, 1 PACIKN TaxVTNTA
¢, sivaic = 2 U0.

O Benjamin (1961), mpwtog OdIOTIOTWOE TN METOPEPOUEVN @UOT (convective
character) g aoTdBel0g yia TN POr LYPWV LUEVWY. 'EdeIEE BewpnTIKA KAl TIEIPAUATIKA OTI hia
TOTIIKA, YPOMMIKY dlotapaxr avamtiooetal kKatavin g pong. Oi Liu et al. (1993)
Xpnogoroinoav tnv e€icwon tou Benney (1966) (long wave expansion equation), yia n

MEAETN NG €vapéng Tng aoctabeiac. Me tn mapadoxr OTl Ol JISIACTATEC JIATAPAXEG EXOULV
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MNKOG KUPATOC TIOAU PEYOAUTEPO OTIO TO TIAXOG TOU Lpéva (X»h?), n egiowon 1n¢ TaENG wg

TIPOC O YiveTal;

h,+2h2h +§ —Reh6hx -h3hx co\ (p+Wetfth~r =0 (2.33)

H mopamndave e€icwan €xel 1oL povo 0tav Re ~ Rec Kal N ETUQAVEIOKN TACON va gival
pN-undevikr. Ol uTIoAoOYIOUOI TNG Tapamavw e€iocwong €dsi€av OTI T0 GUOTNUA YiveTal
META@OPIKA aoTaBeg 0tav Re = Rec, €dv y ¢ 0. H idla avdAucn TtpoBAETIEl OTI N YETABACN OTIO
METO@EPOUEVN Ot amoAvTn (convective to absolute) dlotapaxrn AauPavel xwpa yia:

Reclo = R.ec+{6.1We)[I*. Qot1déc0, 1O TOPATIAVW Opl0 dev eival akpiBEg, eEautiag Twv

TTopadoxwv £TtiAuong Twv eélowoewv. Ot Joo & Davis (1992) kai ol Deissler, Oron & Lee
(1991) xpnoworoincav 1™ Topamdvw egiowon (long wave expansion equation) yia
TIAPOWOIOUC LTIOAOYICUOUG O€ por LYPOU LPEVO OE KATOKOPULUEO Toixwua. Emmpdobeta, ol
Chang et al. (1994), Pe TNV UTIOAOYICTIKI ETTAUCH TWV OAOKANPWTIKWY EEICWOEWV TOU
oplokoL otpwuatog (integral-boundary layer), €dei§av o1l yia porj LypoLu ULPEVA af
KOTOKOPUQO £TTITIEDO TOIXWHA N ACTABEIN yiveTal HeTaPEPOUEVN Yia Re~500.

O @QUOIKOC PNXAVIoUOG NG dnuiovpyiag NG acTABelag oE por) LYPOU LPEVA KOl Yid
apBuolg Reynolds ¢ TtAéng Re<300, artoteAei TO €MOYEVO Priua  KATAVONGCNC TOU
@avopevou. Otav pia eTmimedn eEAeVOEPN ETUPAVEIN TIAPAPOPPWVETAL, dnUIoLpYEital, Adyw Tou
BaolkoL Tediov TaxLTNTOG (2.80), Mio JIOTUNTIKN TACON OTN VEA JIETIIPAVEIN. ATIO TN CTIYUN
TIOU 1] EQATITOMUEVIKI] CUVIOTWOA TNC TACNG OTNV APXIK EAeVBEPN ETTIPAVEIN €ival PNdEV AOYwW
TN AVTIOTOIXNG OULVOPIAKNG CLVONKNG, AvVaTITOCOETAl Hiol SITUNTIKA TACN dlaTapaxng atnv
TTapapop@wévn eAebBepn emigaveia. Ot Kelly et al. (1989) kait o Smith (1990) €dei€av OTI N
TIOPATIAVW JIOTUNTIKY TACT ATIOTEAEl TNV altial EVapENC TNG ETIIPAVEIOKIC AOTABEIOC.

MeTd TNV évapén ¢ aotabelag, o puBuodg ad&nong Tou TIAATOLG TNE EEAPTATAL OTIO
TIC adpavelokeg Oduvauelg (inertial effects) tou cucotnuatoq. E&aitiag tng adpavelog, n
QTIOKPICN NG METARBOANC TNG TaxUTNTOC OTNV TIOPAUOP@PWHEVN ETIIPAVEIA €ival apyn. AuTh n
kaBuatépnon (phase lag) odnyei otn dnuiovpyia piag adpavelakng miean (inertial pressure), n
oTtoia TeEivel va 0dNynoeEl TIOCOTNTEC TOL PEUCTOU aTMO TNV KOINOTNTA OTNV Kopuen TNg
TIOPOAPOPPWUEVNC ETIPAVEIOC KOl £TC1 VO OTIOCTABEPOTIONCEL TN PON). ATIO TNV AAAN HEPIA, N
TPIXOEIONG TTiEaN KAl N LOPOCTATIKN TIiEON €EAITIOG TNG CLVICTWAOAC TNE BAPVUTNTAC, OTIOTEAOUV
TOUC TTOPAYOVTEC aTaBepoTtoinong. Mo Tapdadelyua, n TPIXOEIONC TIEDN ATIOGREVEl TA PIKPOU

MrKoU¢ KOUOTA.
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2.3 H un ypapuikn €€EAIEN o€ eTtiTted0 TOiXWHA

Ta TeAeuTaia Xpovia €XOLV TIPAYMOTOTIONBEI APKETEC BEWPNTIKEC KAl TIEIPOUATIKEG
MEAETEC TIOU CIPOPOUV TN PON LVYPOU LHPEVA O KEKAIMEVO ETTITIESO TOIXWHA. Ta OTTOTEAECUATO
TWV PEAETWV AUTWV TIEPIYPAPOLV TN SIOPOPPWOT TNG EAEVBEPNC ETTIPAVEIONC TOU UHPEVA UTIO TNV
ETUPOAN €EWTEPIKWV dIOTAPAXWY, TEXVNTWV I QUOIKWY. TO ATIOTEAECUA TWV OIOTAPOXWV
OUTWV gival N dnUIoLPYIO KUPATWY CTNV ETTIPAVEIN TOL UHEVA, TA OTIoia TIAPOUCIAlouV €vTovn

dla@opoTioinon avaloyad PE TO PNXAaviouo dnuioupyiag Touc.

2.3.1 Oetwpia

H Ttepiypa@r] tTwv @QavopEvwy TIoL JIETIOUV TNV €EEAIEN TWV KUUATWY O€ €va ETTTIEOD
TOiXWHO TIAPOLCIALETAl € GUYKPOTNUEVO TPOTIO GTNV avaokoTnaon tou Chang (1994). 'Etol
Aolrtov, ae vyPnAoULC aplBuol¢ Reynolds (Re>1000) mtapatneolVTal KUPOTO O@EIAOUEVA OTN
dlatunon (shear wave) pe PrKog KOPOTOC CUYKPICIUO N MIKPOTEPO aTtd TO TIAXOG TOU LPEVA h.
JUVETIWC, oLVONKEC LWNAOL PuLBUOL pPOoNG TIPOKOAOUV TUPPRWOEIC UPEVEC, OTIOU ETTIKPOATOUV
EOWTEPIKEC dlatapaxec kata Tollmien-Schlichting. Xe péooug apiBuovg Reynolds
(300<Re<1000) apyxi¢ouv va gu@avidovtal SIOUNKN SIETIIPAVEIOKA KUUATO, XOPOKTINPIOTIKA
TwV aoTafelv Adyw BoplTnTag Kol ETUQAVEIOKNG Taong (gravity-capillary instabilities). Ev
TOUTOIG, 1N OUVOUIKI TWV KUUATWVY €ival EAIPETIKA  Pn-hoviyn (nonstationary), €18IKA yia ta
dlotnpolueva PJIKPA KOUATA, T OTIoi @aivetal OTI Ttapnxbncav amo 1a PeyaAlTEPA KOUOTA,
e€aitiog pPnxoviopwy amtokoAAnong (shedding) twv divav. e eEQIPETIKA XAUNAOUC aplOuolg
Reynolds (Re«l) o vuyévag yivetal TIoAU AETITOC, Ol EVOOUOPIOKES SLVAMEIC KAL N SUVAMIKA TN
YPOMMNG ETTOQNC LYpOU-TolXwHaTog (contact line dynamics) kaBiotavial onuavTIKEC KAl 0
vpévag apxicel va dlaoTIATAl KOTA PKOG TNG PONC.

O Chang (1994) ava@épel OTI OE TIEPITITWON TIOU €XOUME (QPUOIKN dlATapPAX KAl 0
apiBuog Re Ttaipvel TiPEG PETAED | kot 300, TOTE TTOPATNPOUVIOI TECOEPIC OIOPOPETIKEC
TieploxEC ponc. H mepioxn 1, mou ovopddetal Tteploxrn ocLAANWNG (inception region) avag@EpeTal
oTa apXIK& oTddla TN €EEAIENG TOU LPEVA KOVTA oTnV €i0odo (Zxnua 2.3). Katd v €icodo
TOU LUEVA OTO KOVAAL €I0AyETAl KAl pia dlatapaxni. H dlatapaxr aut JETAQEPETAL, KOl EXEL
W¢ ATIOTEAECHO TN dnuIovpyia evog KOUATOG OPXIKA PIKPOU TIAdTouC. Edv n diatapaxn €ivai
HOVOXPWHATIKNA (EXEl MIO JOVO GUXVOTNTA), OTNV EUPAVI(OUEVN aoTABEIa Ba £xEl UETAPEPDOEI N

idla ouxvotnTa. Av avtifeta, n dlatapaxn €Xel TIOAAEC OUXVOTNTEG (TI.X. @UOIKOC B6pufog),
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TOTE TO KOPO Tou Ba TtapaxBei Ba €xel TNV TIAéov aotaBdr] ouxvotnta Tou Bopupou. Ermiong,
TIAPOTNPOVUE OTI OTNV TIEPIoX | TO TIAATOG TOU KUPATOCG ALEAVETAL EKOETIKA, OTIWC G OAA TA

PAIVOPEVA YPOUMIKNG OIEYEPONC A0TOBWY KLUUATWY.

IxNUa 2.3: ZXNUATIKA avoTiopactaon KOPotog atny meploxn | (inception region)

H petdBaon amod v mepioxn | otnv mepioxn Il (ZxAua 2.4) €yKeltal 0T0 CTAUATNUO
NG EKOETIKAC avENan TOU TIAATOUC TOU KUMOTOG. TO TIAATOC TIAIPVEL PO TIETIEPOCHEVN TIUNA N
oToio e€aptatal amd Toug apiBuolg Re Kal Ka Kal T0 PAKOG TOU OJIEYEPPEVOU KUOMOTOG.
ZUYXPOVWC TO GXAUA TOL KOPATOG OV Eival TIAS0V KABAPO NUITOVO (Mo HOVO GUXVOTNTA) OAAG
TIaipvel pla 1o oOvOeTn poper (apxidouv va eu@avidovtal Kol ol apPovIKEC TNnG). Exel
TIapatNENOEi 0TI av ol ETIPRAANOUEVEC EEWTEPIKEC DIOTAPAXEC EXOLV HEYAAO PEYEBOC, TO KOPOTO
TIou dNuIoupPyoLVTAL £XOUV TN GLXVOTNTA TNG dlATAPAXNC. Av avTiBeTa gival dlatapaxEg HIKPOU
peyEBOULC Ta dNPIOLPYOUPEVA KUUOTA €ival aveEdptnTa Twv dlatapoxwyv. Ta KOPATO TIoU
ey@avidovtal otnv mepioxn Il diavoouv pia amoctacn Tepimov 10 PAKN KOPOTOG Xwpi¢ va

OANGZEL N pop@N KAl TO PEYEBOCG TOUC WG OTOL TIEPATOULY aTnV Ttepioxn Ill.

IXNHO 2.4; ZXNUOTIKA ovaTiapaotacn KOPOTog atnv Tieploxrn avartuéng Il
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Ty mepoxn I (Zxnua 2.5) moapatnpribnkav d00 Kupiapxeq HOPEPEG aoTABEING TWV
KUMATWV TIETIEPOCTUEVOL peyEBouc. KovTiva KOPata evwvovtal ava dlaoThuata eEautiag g
«UTIOOPMOVIKNG 00TaBelag» (sub harmonic instability) (Prokopiou et al., 1991) 4 Aoyw Twv
TIAELPIKWV aoTadelwv (sideband instabilities) (Cheng & Chang, 1992). AUTEG O1 dU0 ACTABEIEC
dnUIoLPYOUV -0TN KATA Ta GAAO OUOIOPOPEN POr- EAATTWMATIKEG TIEPIOXEC, KATA WNKOC NG
PONC. 2TO ECWTEPIKO TWV EAATTWHOTIKWVY TIEPIOXWV TA TIOPANOPPWHEVA KUPOTA auéAVoVTal O
MNKOC KOPOTOC, PEYEBOC Kal Tax0TNTA KOl avatitiooovIal G’ éva TIEPIOPIOHUEVO XWPO HE TNV
pHop®ny  ‘€EOYKWUATWVY’. AUTA TA €EOYKWMOTO €XOUV OTIOTOMEC KOPUPEG, Ol OTIOIEC
OMOAOTIOIOUVTAI OTN CUVEXEID OE UIO CEIPA PIKPWVY KUPATWY (UE PAKOC KUUOTOCG KOVIA G’ auto
TOU ‘UOVOXPWHATIKOU' KUMOTOC TNE TepIoXNG 1). Ta e€oykwuaTa gival yeyaAa, dnuiovpyolvtal
KOl E€TIEKTEIVOVTAl TOXUTOTO KOTA WPAKOG TNG PONC KABWC TIPOCTIEPVOUV Ta XOUNAOTEPO Kl
Bpadukivnta KOPOTA Ta oTtoid, TEAIKA, e€agavidovtal. To dnUIOUPYOVHEVO PACHA CUXVOTHTWVY
KOl PNKWV KOPATOG YivETal OA0 Kal TIIo EVPU, 0€ avtiBeon pe auto Twv Teploxwv | & 1. BERala
OUTO 0V ULTIOONAWVEL TNV ETIIKPATNON TwV OIOCKOPTIIOUEVWY KUPATWY OTNV  €AeVBEPN
eru@avela. A&idel va avaeepOei 0TI Ta AuTodUVAUA €EOYKWUATO £XOUV €Va XOPOAKTNPIOTIKO
MNKOG TIOAD UIKPOTEPO OE OXECN ME TNV ammoéotacn METAED dU0 JIAdOXIKWY EEOYKWHATWY. Ta
KOpata oautd ovopddovtal COAITOVIKA KUpota (solitary waves) kal ouvhfwg TTapapévouy

avaAAoiwTa KaBW¢ TTANa1ddouy v Tepioxn 1V.

ZXNUa 2.5: ZXNUATIKI] avamtapdoTacn dnPIoupyiog HOVOXIKWY KUHMATWY oTNV TIEPIOXN avarttuéng Il

TéMog otnv Tepioxn IV (Zxnua 2.6), ol KOPLEEG TV HEYAAWY KLUPATWY apxiouv va
dloxwpidovtal EYKAPCIO PE OTIOTEAECUO TNV dnuiovpyia tpiadidotatng doung. H avamtuén g
TPICOIACTATNG AUTHC OOUNG €ival ATIOTEAECUA NG ETIOPACNG AVAAOYWY OCTABEIV TN TIANPWC

avaTITuypévn dididoTatn dopr|. H dopur| TTou dnuUIoUPYEITal OE aUTr TNV TIEPITITWAON PAIVETAI va
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pNV aAAGLEl YE To Xpovo. Ta TpIodIAcTATO KUPOTO €EOKOAOLOOUV va dlaTnPoLV T Hopen Twv
MOVOXIK®WV KUUATWVY Kol OTIWC TIPOEITIOPE XOapaKTnpidovtal amd 10 OTOTOU0 UTIPOCTIVO TOUG

MEPOC KAl TNV TIIO OPOAN «0UPG.

IXAUa 2.6: TXNUOATIKI avoriapdoTtacn dNPIoLPYiog HOVOXIKWY KUPATWY TNV TIEPIOXN avAaTttuéng IV

2.3.2 Mepdpata

Mia omd TIC ONUOVTIKOTEPEC EPYACIEC N OTIoia OTIOTEAEI onueio ava@opdac otn pon
LvypoL vpéva gival aut Twv Alekseenko et al. (1985). Z1tn YEAEN autr, d66nKav oToIXEia yia
NV €€EMEN TN €I0EPXOPEVNG dlaTapaxXnC KATAVIN TNG Pong. Xpnolgoroionke oluotnua
eMIBOAAG dlatapaxng TO OTtoio0 €3Ive T OLVATOTNTO OAAAYNC TWV XOPOKINPICTIKWY TNG
dlatapaxng. XTo oxnua 2.7 armeikovidetal n €€EAEN NG eTIBAaANOUEVNC dlaTtapaxng KATAVTN
NG pong.

IxNUa 2.7: H €€ENIEN TNG el0epXOPEVNG dIATAPOXICG KOTAVTN TNG PorS
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H pé€tpnon Twv XOpOaKTNPICTIKWY TwV KUPATWY, dNAadK TNg TaXVTNTOC KOl TOU URKOUG
KOMOTOC TOUC, OULVOPTHOEl TOU HEYEOOLC OUTWV OTIOTEAEI TO CNUAVTIKOTEPO TUAPA TNG
epyaoiag. Mapatnprdnke e€aptnon ¢ TaxXVTNTOC TWV TIAPAYOUEVWV HOVOXIKWY KUUATWY 010
TO PEyeBOCg TOLG. 2TO OXNUA 2.8 TTOPOULCIAZETAl N AVATITUEN TWV HOVOXIKWY KUPATWY KATAVTN

NG PONC OTaV N EICEPXOUEVN dATAPOXH TIAPAYEL TIEPIOSIKA KUUATO.

ZXAMa 2.8: AVATITUEN POVOXIKGV KUPATWY KOTAVTN NG POrC.

H e€dptnon Tou peyEBOLC TWV TIOPAYOUEVWY KUPATWY ¢ CUVAPTNON TNE ATIOOTAGEWC
KOTAVTN TNG PONG TTOPOUCIAleTal OTO axNua 2.9. M0 CUYKEKPIYEVA GTO OXMMO OTIEIKOVIZETAI N

h
€€APTNON TOL AdIACTATOU HEYEBOUC, a=——---—-— ¢ OUVAPTNON TNG AdIACTATNG KATAVTN

OTIOOTOOEWC:
K

ZxNua 2.9: EEGpTNOoN ToL PeYEBOUCE TWV HOVOXIKWY KUPATWY W CUVAPTNON TNG OTTIO0TACEWC TNG KATAVTN
porig.
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Onw¢ @aivetal oto oXAuUa n ad&énon TN KATAVTN OTTOCTACEWC EXEl WG ATIOTEAECUO TNV
avaioyn avénon Tou peyEBOUC TOU KUPOTOG. ATIO HIO OTIOCTACN KOl PETA, TO HEYEBOg TOu

MOVaXIKOU KOUOTOC dgv PETARAAAETAL ETURERAIOVOVTAC OTI EXEL AVATITUXOEI TIANPWC.

210 oxqua 2.10 arelkovidovial T XOPOKTINPIOTIKA TwV TIANPWE OVATITUYHEVWV
OOAITOVIK®WV KUUATWVY. TO UKOG KUPATOG TwV COAITOVIKWV KUHATWV gival TepITou 38mm, v
KABE KOO YE MEYAAUTEPO PNKOC KOUOTOC UTTOPE VO XOPOAKTINPIOTEI WC GOAITOVIKO. H tax0tntd
TOug €ival TG TAENG Twv 350mm/sec Kal dla@EPEL amo TN TAXVTNTO TWV KOPECGUEVWV

TIEPIODIKWVY KUPATWY (280mm/sec).

IxNUa 2.10: Ta XapaKINPIoTIKA TwV dNUIOUPYOUHEVWY KUPATWVY (UNKOC KOPOTOCG, TOXVUTNTA) WG

ouVAPTNON TNG KATAVTN ATIO0TACEWC,

AANAN JIa ONUAVTIKA gpyacoia gival aut Twv Liu et all (1993, 1994). Ztnv Tepimtwon
OUTH YIO TN GUAAOYN TWV TIEIPAUOTIKWV OEQOUEVWV XPNOIUOTIONONKE N PHEBOBOC ATIEIKOVIONC
ME @BOPIoUO. ATTOdEIXONKE OTI N PN YPOUMIKN OVATITUEN TWV KLUPATWVY Eival ocuvaptnon 1600
TOu 0pIBuol Reynolds 000 KOl TWV XOPOKINPEICTIKWV TNC €EWTEPIKA  ETPAANOPEVNG
dlaTOpPaXNC. ZTO OTIOTEAECUOTA TOUC TIOPOUCIAZETAl Tl TIOOOTIKA] CULOXETION METAED TOU
Kpiowuou, yia v gg@dvion actdbelag, apiBuol Re Kal TNG ywviog KAIONg TOU TOIXWHATOG
OTIWC TIOPOUCIACTNKE OT0 OxNua 2.2. EmPefaibnkav 1o TIEPIOCOTEPA  BeWPNTIKA
TIPOPAETIONEVA Opla TNG YPOUMIKAG guoTdBelag. ‘Otav o apiBudg Re PBpioketal otnv actobn

TIEPIOXT], QTIESEIEOV TIEIPAMOTIKA OTI N OPXIKA OOTABEIO HETAKIVEITAI 0TV KATELOLVGON TNG
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PONC KOl GUVEXWCG HEYOAWVEL Ta Opla Ta oTtoia Xwpidouv TIC JIAPOPEG TIEPIOXEC ELATABEIOG KOl

aoTdBelag BPioKoVTal CUYKEVIPWUEVA GTO dlAypOUUa Tou aoxnuatog 2.11.

Ixnua 2.11: Aidypaupa KaBopiopol TIEPIOXWVY ELOTABEING KOl aoTABeI0¢ KOTA Liu et all.

210 TO TAvw OXNUO @AiveTal OTI yia UIKPOUS aplBuoug Re o vpévag eival votabrc.
Emiong yia peydAeg ouxvotnTeg €XOULUE €LOTABEID aveEdptnTa Tov Re. H KOUTIOAN n ortoia
Xapaktnpidetal w¢ fc gival auti n omoia xwpilel v €uatadr amd v aotabn TePIoXN.
MeTa&l auTr¢ TNG CUXVOTNTAC Kal TNG ouXvotntag fs £xoupe KOPETUEVA TIETIEPACUEVOU £0POUG
KOPATA, YE MIO KOPUEN) ovd Tiepiodo. H ouxvotnta Iz gival 1o 0plo TTou Xwpilel 2 SI0QOPETIKOV
TOTIOU PN-YPOUUIKEC CUUTIEPIPOPEG. AvAueoa amo tnv fo ko v T2 gp@aviletal n TTAEUPIKN
aotdBela (sideband instability), ev® yia OUECWC HIKPOTEPEC CUXVOTNTEC EP@AVICETAL N
UTTOOPHOVIKN aatdBela (subharmonic instability) péxpt kat 1o 6plo fs. MeTagL twv opiwv fs Kal
fm apxidouv va epgavidovtal KOPOTa PE TIOAATIAEG KOPLEPEC, OTIWG E€ival KOl T PMOVOXIKA
KOPOTO, VW KATW OTIO TO TEAEVLTAIO OPIO 0BNYOUUACTE OTNV TPICIIACTOTN XOOTIKI) SOr).

H avdmtuén Kal €EEAIEN TWV HOVOXIKWY KUUATWV €XEl YUEAETNOEI TTEIPAPATIKA aTIO
TouC Liu & Gollub (1994) XpnoCIPoTIoIVTAC LYPO HEYAAOU IEWA0UC (SIAALUA VEPOU YAUKEPIVNG
54% K.B. yAukepivn). Ma cuxvotnta diatapaxng 1,5H mapatnpribnke 6Tl otnv €icodo g
dlaTapaxng eUEAvIZOTOV €va NUITOVOEIDEG KUUA TO OTIoio €€eAicostal Kal N KABE Kopun

TIAPOLOIAEl OTIOTOUO PETWTIO KOl HOKPIA oupd (oxnua 2.12). ZT1adlokd, To KUPOTO outd
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egeliocoovTal Kal TIaipvouv T HoP@H TWV HOVOXIKWY KUPATWY. 'ETCL TO JOVOXIKO KUUO YiVeTal

KOPEOPEVO KOl PTAVEL O€ PO OTACIUN KATAOTOOT OTI0U Ol dIadOXIKOI TIAALOI Eival TAUTOGNOL.

Katdvtu Amoctacon icml

Ixnua 2.12: Ep@Avion Jovaxikwv KLUPATwVY yia cuxvotnta diatapaxng 1,5HC.

Auavovtag TEPICTOTEPO TNV oLXVOTNTO TNC eTPAAANOUEVNC dlatapaxng (3HY ta
MOVOXIKA aUTA KOPOTO @aivetal va TTANoIAdouv PETAED TOUG PEXPL TN OTIyMn TIoU 0eV UTIOPOUV

va dloXwpIoToLY KaBapd (oxAua 2.13).

0
£
£
120 130 140 150 160 170
Katavin Amnootaon icml
IxNUa 2.13: Mop®r KLUPATwVY yia cuxvotnta diatapaxrg 3HL.
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KaBwg n ouxvotnta auv&Avel OKOUN TIEPICOOTEPO TA KUPOTO HE TIOAAOTIAEC KOPUQEC avd
TEPIOO0 OAANAETIIOPOUV MPETAED TOUC. H KOpu®r TOUCG MEIWVETAlI PE GPECO OTIOTEAECHOA VO
MIKPOIVEL KOl N ToXUTNTA TOUC. 'ETO1 KATAANYOUUE O€ OOMEC Ol OTIOIEC £XOUV TIEPICTOTEPEC OTIO
MO KOPUQEC OvA TIEPIOOO KOl &V OV €XOUV XWPIKA TIEPIOSIKOTNTA £XOUV  XPOVIKN)
TIEPIODIKOTNTA. TETOIO CUUTIEPIPOPA EXOUUE OTNV TIEPITITWON OTIOU N GLUXVOTNTA JIOTAPAXNG

eival 4,5HC kai Ttapouaidadetal ato oxfua 2.14.

Katavtn améotacu (cm!

IxNHa 2.14: EEEANIEN KLUPATWY TIOAATIAWY KOPLUOWV ovA TIEPI0d0 pe ouxvotnta datapaxng 4,5Hz.

TEéNOG, O€ TEIPAPOTA TIOL EyIvav PE oLXVOTNTA dlaTapaxnC ota 7H{ ta KOPOTO TIOU

gP@avidovtal gival KOPETUEVA TIEPIOSIKA KOUATO PE Pia Kopuer ava Tepiodo (oxnua 2.10).

Katavtn Anéotoon (cm)

ZxNua 2.15: Eu@Avion KOPETUEVWY TIEPIOOIKWV KUUATWVY YiO ouXVOTnTa dlatapaxng 7Hz.
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H dnuiovpyia Twv COAITOVIKWY KUUATWVY KOl TO QOIVOUEVO OAANAETTIOPOCTIC TOUG dEV
€EETACONKAY AETITOPEPWC OTIO TOUG TIPOAVAPEPOEVTEC €peLvNTEC. QOTOCO, OdIOTIICTWCAV
TIEIPAUATIKA TN CUYXWVEUON METAED dUO OOAITOVIKWY KUUATWY, PE TO KOUA TIOU OKOAOULBEL va
EXEl TIOAD PEYAAUTEPO PEYEBOC QMO TO TIPOTIOPELOUEVO. To HEYOAUTEPO KOO, €€aITiag Tou
MeYEBOUC TOL, KIVEITAI ypriyopa KAl amoppo@d T0 UIKPOTEPO, TIOU [BPICKETOI UTIPOCTA TOU. 2TO

oxnua 2.16 arelkovieTal éva TIapadElyUa GUYXWVELONG, TNG TIOPOTIAVW HOPQNC.

>xNua 2.16: H cuyxwveuvon PETAED dU0 COAITOVIKWVY KUHPATWYVY, UE TN HOPE@I EIKOVWVY TNG NeEBOd0L

ATIEIKOVIONG PE OOPIoHO.

210 oxAua 2.17 areikovidetal n €€EAIEN TOUL TIPOEIA NG EAeLOEPNC ETTIPAVEIAC TOU
VPEVA, HPE TNV ONUIOLPYIO TWV KOPEOHUEVWVY TIEPIODIKWY KUPATWY KOl TNV HUETATPOTIN TOUC OE
MOVOXIKG GOAITOVIKA KUpata. H emidpaon twv OeLTEPELOVIWV aaTabelwy (subharmonic &
sideband) €xel w¢ amotéAeoua TNV aAAayn TNG HOPENC TWV KOPETUEVWVY TIEPIODIKWY KUPATWVY

Kal TN dnUIoupyia GOAITOVIKWY KUPATWY KOTAVTN TNE PONG.
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ZxNUa 2.17: H avAamtuén twv deuTePEL

€AEVOEPNC ETTIPAVEING TOU LUEVA

Downstream Distance (cm)
ouowv actaBeiwv (subharmonic-sideband) oto TIPOIA TNG

HE ATIOTEAEGHA TN SNUIOLPYIO COAITOVIKWV KUPATWV.

2€ TIOAAEG TIEPITITWOEIC, Ol OCTABEIEC TOU LHEVO PETATPETIOVTOL ATIO OISIACTATEC OF

TplodidotateC. MNa apddelyua, N cuyxpoviouévn aotdBela (synchronous instability), n omoia

EP@avideTal o€ €va PHeyAAo e0POC GUXVOTHTWY, Kal N TPIGSIACTATN UTTOAPHOVIKI actdfeia (3-

D subharmonic instability) 0dnyo0v otnv aAAayr tng doung. Ta Opla dNUIOLPYIOG AUTWY TWV

aoTaBelwv aTtelkovi{ovTal oto oxrua 2.18.

ZxNUa 2.18: O d1oXwPIoUOC TWV TPICOIACTATWY AOTABEIWV 0TO dIAYpPauPa CUXVOTNTA TOLUG CLVAPTHCEL TOL
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Ta aTTOTEAECUATO EQOPHOYNG OUTWV TWV OCTABEIV @aivovTal aTo oxfua 2.19, émou
N EMQAVION TOUC O€ KOPECHEVO TIEPIOBIKA KUpATa odnyei atn dour wapokokaAdo (herringbone
patterns). AvTIBETwWC, OTav €QAPPOLOVTal 08 GOAITOVIKA KUUATA, 1] 0€ KOPOTO TIOU TEIVOLV va
yivouv COAITOVIKA, £XOUV WG OTIOTEAECHO TO SIAXWPIOHO TWV HETWTIWV TOU KUPOTOC KOl TN
dnuiovpyia eyKAPOIwV TPICOIACTATWY PBABOUVAWUATWY O OULTA. AVOQ@OPIKA PE T Ooun
WOPOKOKOAO, Ol CUYXPOVICUEVOI EYKAPOIOl COXNUOATIOUOI, HME TN MHOP®N BABOUVAWUATWVY,
dlatnpolV TNV TIEPIODIKOTNTA TIOU £X0UV Ta dIodIACTATA KOPOTA GTNV KatelBuvon tng ponc.
To pAKOG KOPATOG TwV BaBOLAWPATWY KABETO OTnv KOTELOBLVON PONC Eival APKETA

MEYOAUTEPO ATIO TO TIAXOC TOU UMEVA.

90 100 uo 120
Downstream distance x (cm)

Downstream distance x (cm)

IxNUa 2.19: To amotéAecpa ETidOPACNC TV TPICIIACTATWY ACTOBEIWV Kal 1 dnuiovpyia TnNg doung

YapokokoAo (herringbone pattern).

20 30 40 50 90 100 lio 120
Downstream distance x (cm) Downstream distance X (cm)

e —— — & T g I ==

130 140 150 160
Downstream distance x (cm)

Ixnua 2.20:  H dnuioupyia dopwv TANpoug ata&iag (disorder patterns) s€aitiog Tng €Midpacng Twv

TPIoOIA0TATWY OOTABEIWV.
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TeAIKA, N oVleLEN OAWV TWV TIAPOTIAVW OCTABEIWY 0dNYEl G€ TIANPWC TPICAIACTATEC
OO0MEG, ME KUPIO XOPOKTINPIOTIKA TIC OANAYEC KOTELBLVONC TOU HETWTIOU TOU KUUATOG, TO
JlaXWPICUO TOU O€ TIEPICTOTEPO PETWTIO KAl TN SnNUIoLPYIa Hiag XOOTIKAG dounG. ZT0 oXNua

2.20 arteikoviletal n yetdBacn amd ddIACTATN o€ TPIoOIACTATN OOUN.

2.3.3. AAN\NAETTIOpOGCN POVOXIKWY KUUATWVY

H aAANAETTIOpACN PMOVOXIKWY KUPATWY OTIOTEAEL €va TIOAD GNUOVTIKO BEua TOCO yia TN
pori vypol uvpéva 600 KOl yio GAAOLC TOMEIC TNG QUOIKNG OTIOUL TIAPATNPEOUVTAL AUCEIQ
HMOVOXIKWV KUPATWY. TO YEVIKOTEPO EPWTNHO OPOPA TNV SUVOTOTNTA TIEPIYPAPNC TIOADTTAOKWY
CUCTNUATWY PETW TWV XOPOKTNPICTIKWVY KOl TNG OAANAETTIOpACNC AlywV CUVEKTIKWY OOUWV.

MPOPBALWEIC yia TNV AAANAETTIOPACN HOVOXIKWY KULATWVY €X0LV Yivel amo toug Chang,
Demekhin & Kalaidin (1995). O Liu et al (1994) mapatrpnoav TIEIPAPATIKA TN CLYXWVELON
METAED OU0 KUPATWY EK TWV OTIOIOV TO TIPOTIOPEVOMEVO Eival TIOAU PEYAADTEPO OTIO OULTO TIOU
OKOAOULBEL. MapoAa autd, n dNUIoUPYIa POVAXIKWY KUPATWY Kal N aAANAETIIOpOCK] Toug Oev
MEAETNONKAV AETITOUEPWC OTIO TOUG TIPOOVAWPEPBEVTIEC MEAETNTEC. TNV EPyAoia  Twv
Vlachogiannis and Bontozoglou (2001) peAeTriOnKe d1EE0DIKA N SIASIKAGIO TNG OLYXWVELONG
TWV KLPATWVY, KAl TTapatnpndnke Ot n dia@opd DYPoug PETAED TwV dU0 KUUATWY OTTOTEAEL TOV
Baolkoé Tapdyovia TIou KaBopidel TNV XPOVIKA JSIAPKEIO TNG OULYXWVELONC KOBWCE Kal TN

XPOVIKI] JIAPKEID TNG dIAdIKACIOG ATIOKTNGNG TNG TEAIKNC MOPQNE TOL VEOL KUUATOC.

h
555 565 575 585 595 615 625
Katavtn Antdéotaon (mm)
Zxnua 2.21: H ouyxwveuan (coalescence) 2 HOVOXIKWY KUUATWV
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‘Otav n dla@opad gival PIKPr, 0 XPOVOC TIOU OTIAITEITOl €ival peydAog. H peéyion
XPOVIKN SIAPKEIN TIOPATAPNCNG TNE €EEAENG TV OAANAeTUOPACEWY gival TNG TA&ng twv 0,5
£€w¢ 0,6sec, avaloya pe To PEyeBOC, dpa Kal TNV TaXUTNTA TwWvV KLUPATWY (ZXAUa 2.21). Emiong
TIapOTNPENONKE OTI av 1 dla@opd vPoug eival pikpotepn amd 0,1 hN Ta kOpata TtAncialouy

OPKETA, XWPIC WOTOCGO va cuyxwvelovTal. AVTIOeTa dnuioupyeital pia doury 600 KOPUPWV Ol
oTtoie¢ Kivouvtal padi katd pnkKog tou Tediou POorg, Kol Ol OTIoieC apyoTepa Tubavov va
KaTaANEouv otn dnuiovpyia 600 aveEAPTNTWY HOVOXIKWY KUUATWV.

Jmyv idlo epyacia  ava@epstal OTI OTO UTIPOCTIVO CGTPWHA TOU VEOU KUHOTO(
TIOPATNPEITAL N TIPOCWPIVA EEAPAVION TwV PLTIdWOEWV. KaTtd Tn SIAPKEID TNG CUYXWVELONC,
Ol PUTIdWOEIC XAvovTal KAl ETTAVEU@AvVI(ovTal OTaV TO VEO KOPO TIAPEL TNV TEAIKI TOU HOPON).
Ol pUTIdWOEIG dNUIOLPYOUV OPVNTIKN TIEDN TIPOKEIUEVOU TO PEVCTO VO PEEL TIPOG TNV TIAELPA
TOUG. Mg TOV TPOTIO AUTO TO POVAXIKO KOPO OVTIOTEKETOI O€ TIEPAITEPW aUENON NG o&LTNTAC
TOU, N OTIoia TTPOKOAEITAl AOYWw BapUTNTAC. ZUVETIWC META TN CUYXWVELGH TOU, N TIPOCWPIVA
€EOPAVION TWV PUTIOWCEWVY TOU OQEIAETAI GTO XPOVO TIOU ATIAITEITAI WOTE TO dNUIOVPYOUUEVO
KOPO va @TACEl OTO TEAIKO TOU OYog. O XpOvoC TIOU OTTAITEITAL YIO TNV ETTAVEUQPAVION TWV
PLUTIdOWOEWV Eival avaAOyog HE TO XPOVO ATIOKTINONG TNG TEAIKNAC HOPEPNC TOL HOVAXIKOU
KOpOTOG,.

‘Eva &Moo evdla@épov PETARBATIKO @AIVOUEVO TIOU TIOPOTNPEITOl OtV TIAATN TOU
MOVOXIKOU KOPOTOCG META TO TEAOC TNC CUYXWVEUONC, €ival N EUEAVION TOU LTIEPUYPWHUEVOU
UTTOCTPWMOTOC. TO UTIEPLPWUEVO LTIOCTPWHA XapoKtnpiletal amd éva OYoc 1P, TO OTIoio
e€aptdtal anod To LYPOC TOU KOPOTOC KOl PEIWVETOlI EKOETIKA UE TO XPOVo. To LTTEPUYWHEVO
UTTIOOTPWHO OTNV TIAATN TOL KOPOTOC TIOU TIPOOVA@EPONKE €ival TI0 EDKOAO va TtapatnpPnoei
OTaV £XOUUE PELOTO HE PEYOAO OXETIKA IEWOEC. ZTA TIEIPAUATO HE VEPO gU@avieTal OTIyHIdia
OAAQ eTIEION €ival EEAPETIKA AOTABEG 0dNYEi TN JIOPOPPWAN HIOG KUPATOEIDOUC HOPPNC OTNV
oupd TOU ONMUIOVPYOLUUEVOU KUpaToC. H poper] auty ovouddetal acTtabela NG oupdag Kal
TIapatnpEital ge dlaAVPOTA XaunAoD 1€wWd0uG. To YPAKOC KOWATOC TNC OOTABEING TNG Oupacg
gival avtiotolXo Pe To PNAKOG KOUATOC TWV WTIPOCTIVWV PUTIOWOEWV, KOl N EUPAVIOT] NG
YivVeETal TOUTOXPOVA HE TNV ETAVEUQEAVION TWV PUTIOWOEwWV. H Tepatépw €EEMEN NG
aoTABEIag TNC 0LVPAC EEAPTATAI KUPIWCE ato TN dour TNG EAEUBEPNC ETTIPAVEIOG KAl ATIO TO €id0C
TWV KUPATWY TIOU OKOAOUBOUV. ZTnV TIEPITTTWAON OTIOU TTCW amd TO JlEyEPUEVO KUUO Oev
UTTAPXEl AAAO KOMO, TOTE N OOTABEIO TNC OUPAC ATTOCREVETAL. AV TIAAL KATIOIO HOVOXIKO KOPO

Bpioketal og KOVTIVI] OTIOCTOCN O€ OXEON HE TNV OIOPOPPWHEVN OLPA TOU HTIPOCTIVOU
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KOpATOC, TOTE N ACTABEId TNC 0VPAC EYKAWRIleTal HETAED TV OLO KUPATWY. TO OTIOTEAECUA
aTI0 TOV EYKAWPRIGPO TNC 0LPAC ival N dnuioupyia evog vEou KOUOTOC.

Ztnv epyacia Ttwv Malamataris, Vlachogiannis & Bom
EKTETAPEVEC TIPOCOMOIWCEIC TNG OAANAETIIOPOCNC HOVAXIKWY' KUUATWY Kal TIPOoRBAE@ONKe n
OTtapén TPIWV OIOPOPETIKWY CEVAPIWV: HOVOTOVIKAC €AENG ME OULVETIEID TN OUYXWVELOT),
MOVOTOVIKNG ATtwaong pe dnuiovupyia {e0youg Kopu@®mV Kal TIEPIOBIKAG EAENG-ATiwaonG. Ermiong,
EEETAOTNKE N €EEAIEN dIATAPOAXWV TIOAD MIKPAC CGLXVOTNTAG KAl JIOTLUTIWONKE N TIPOPRAEYN
QVATITLENG OEVTEPELOVOWY KOPUPWV MHETAED TwV KUPIWV KLUPATWY. To cevaplo dnuioupyiag
TWV OEUTEPELOVCWV KOPUPWV KOl OAANAETIIOPACNC TOUG ME TIC KUPIEC @AIVETOlI OTO OXNua
2.22. O1 mapomdvw TIPOKOTAPKTIKEC TIPOPRAEYEIC Twv Malamataris et al (2002) e&etdotnKav

TIEIPAPOATIKA KOl ETURERAIWONKAV GTO TIAICIO NG TTapoloag Epyaaiac.

IXNUa 2.22: EEENIEN porg yia apxIKn dlatapoxr cuxvotnta; .
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Meipapatikr) MeBodoAoyia

To TOPOV KeEQAAAIO €ival EI0AYWYIKO KOl TIPONYEITal TNE TOPOoUCiaong Twv
TIEIPOUOTIKWV  OTIOTEAEOUATWY.  APXIKA  TIEPIYPA@ETAl N TElpAPatTiK  Sldtagn  Tou
XPNOIUOTIOINONKE YIO TNV TIPAYUOTOTIONON TWV TEIPOUATWY KOl TIOPOUCIALETAl TUVOTTTIKA
KAOe TuNpa autic. MapdAAnAa yivetal ava@opd OTIC OTIOITOUPEVEC EVEPYEIEC TIPOKEIUEVOU VA
eTTELXO00V N 0pON XpPron ¢ SIATagng Kal 0 KABOPICUOE TwV TIAPAUETPWY YIa TN JIEVEPYEID
TWV TIEIPOPATWY. TEAOG avaAUETAL N HEBOOOC TUANOYNC OEOOUEVWY ATIEIKOVIONC UE OTIEIKOVION

@Bopiopol Kal n dladiKaoia eTeEEPyaTiag Toug yia TNV TIEPITITWAN PONG TIAVW OTIO ETITIESO
TOiXwWHA.

3.1 H meipauatikn didtaén

ZTOX0C TNG OUCKELNC €ival va TPo@od0TNOEl PEVOTO OE PIO KEKAIUEVN ETTIPAVEID WOTE VO
gival duvatr n PEAETN TNG CUUTIEPIPOPAC TNG PONG. H XPNOIUOTIOIOVUEVN TIEIPAMATIKA) CUOKEUN
OTTOTEAEITOI OTIO TA OKOAOLBO PEPN:

e MetaAikn Kataokeun

e J0oTtnua pLBUIONG TNG KAIONG
e To KavaAl ponig

e To LOPAVAIKO KUKAWHO

e Z0otnua Pwtouol

3.1.1 H YETOAAIKI] KATOOKELN)

Ta TUAPOTO TNG METOAAMIKNC KATAOKELNC Eival N PETAAAIKA Bdon Kal 10 IKpiwua. H
METOAAIKN Bdon €ival 0 OKEAETOG TNC KOTOOKELNG, 0 POAOC TNG OTIoIOG Eival va TtapaAdfel 1o
BapoC TOU IKPIWUOTOC. H oTIBapdtnTa Kol n dI0CTACIOAOYIK OKpifela eival ta Bacika
XOPOKTINPIOTIKA TN¢ YETOAAIKNC Bdonc.

Ta Baoikd pépn TnNC METAAAIKNAG Baong eivat:
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1. To ouykOAANTO TtAaiclo (teAdpo) amd UPN 100x50x5mm, mdévw oTo oTtoio
€0pAadovTal Ol KATaKOPLQPOI KOIAOJOKOI, TEAIKWV dlocTaoewv 3480 1130mm.

2. 016 Baaikoi kolAodokoi SHS 80x4mm, bPoug 1000mm

3. O1TTAAYIEG EVIOXUTIKEG OOKOI TTAVW OTIC UPICTAUEVEC, dlaTtoung SHS 80x4mm

4. H pIKpn «KOUTIAOTH» TIEPIPETPIKA, OTTOTEAOVUEVN aTtd aTPaVT{apIoTO

TETPAYWVIKNC dloTopung 30x2mm

Ixnua 3.1: H petoAAIkn Bdon

O pOMNoOG TOU ETUTEAE TO IKPiWPA €ival va AEIToupyei w¢ PACn TOL KAVAKIOU KOl WG
XWPOC Kivnong ¢ WneIoKAC KAPEPAS KATw att’ auTo. Mo va emIteuxOei aUTO N KATAOKEULN
OTTOTEAEITOl OTIO QU0 ETTMEDN OTIOAUTWC TIAPOAAANAQ. TO IKpiwpa €ival €va GUYKOAANTO
0pBoywVIo TTAPAAANAETTITIEDD TEAIKWV dlaoTdoswv 3480x1040x680mm.Ta PBacikd Uepn TOU
IKPIWUATOC €ival;
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1. Ol oKpéC Tou aTtoTeEAODVTAI OTIO UOVOKOUUOTEC KOIAOOOKOUC SHS 40><4

2. 4 {wveg evioxuonc amd KoIAodOoKoU( idlag dloToung

3. AvInpideC OCUUPETPIKA NG MEAAouoOCg porg dlatoung RD 33,7x2,6 yia tnv
gvioxuon ¢ akauyiog.

4. O1 pdyeg TPOX0dPOUNCNC TOL «PBAYOVETOU» TNC KAUEPOC

5. Ol YevTeaedeg OTO UTIPOCTIVO UEPOG TIOU OE GUVOLOCUO [E TO avaBatdplo OTO TCW

Ba dnuiovpyolV TNV emIBLUNTA KAIoN NG PONG.

IxNUa 3.2: To HETOAAIKO IKPiwUO TIOU ATTOTEAE] AT TOL KAVOAIOU KOl TNG KAPEPOG

3.1.2 Zootnua PoBuiong tng KAiong

To KOavaAl €ival oTaBepd TOTIOOETNUEVO TIOVW OTO METOAAIKO IKpiwpa. Ta duo
KOMMATIO OTTOTEAOUV €Vva GUCTNUO OTIOU OPOPWVETOL HE TPEIC OUVOEGUOUE (UEVTIEGEDEC) OTO
MTIPOCTIVO PEPOC TNG METOAAIKAG BAong 0mw¢ @aivetal 6To akoAouBo oxnua (3.3). Adyw tng
apBpwaong autrg To KAVAAL UTIOPEl va TIEPIOTPAPEI WC TPOC TN METOAAIKA BAcn Kal va
puBUIoTEl 0€ KAIoN w¢ TTPo¢ TNV 0pIfOVTIO, UE Ywvia amo 0° éwg 45°.
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Ixnua 3.3: ApBPWaEIC IOV TIEPICTPEPOUV TO KAVAAIL

Ma v oAiayr g KAiong, 10 KavaAl Tipémel va ovuPwlel. To Bdpog Ttou
IKPIWUOTOG €ival TETOIO TIOU &V ETUTPETIEL TN XEIPOKIVNTN METOKIVNGN Tou. H evépyela auth
EKTEAEITAL A0 TO NAEKTPIKO avafBatoplo e TN PorBeia eVvOC CUOTIUATOC TPOXOAIWV Kol EVOC
OUPHATOCXOIVOU. O NAEKTPIKOC KIVNTAPOG TIOU £XEl OVLYPWTIKN IKavotnTa 1000 K.g, Bpioketal
TOTIOBETNUEVOC OTN METOAAIKY BAOT, WOTE TO CUPHUATOCXKOIVO EAENC VO Eival KATOKOPUPO COTO
onueio tnNg peyiotng KAiong tou KOVOAIOD Kal 0g OTIOIOONTIOTE GAAO KATWTEPO OMNuEio va
OTIOKTA Mio 0pvNTIKN KAION w¢ TPOC TNV KATAKOPL@O. 'ETC1 OOKEITAl pIa ETITIAEOV TAGT) TIPOG
NV eUTIPOGOI TIAELPA TNC KATAOKELNC TIOU NG TIPOCdIdEl OTABEPOTNTA, EAAXIGTOTIOIVTAC TO

(POPTIO TWV TACEWV OTO CUPUATOCXOIVO.

Txnua 3.4: Zootnua avuPwaong Tou IKPIWHOTOG
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O uTtoAOYIoNOG TNC Ywviag KAiong artaitei yeyain akpifela -tng Ta&ng Tou evog
OEKATOUL TNC HOIpag- YEYOVOC TIOU dEV UTIOPEI va ETTITELXOEI PE KATIOIO PETPNTIKO GPYavO.
JUVETIWC XPNOIJOTIOIEITal N HYEBOBOC TOU OAPASOAACTIXOU, TIOU PBacileTal OE OTIAEG
EQOPUOYEC TNC TPIYWVOMUETPIOC KOl OTIOOEIKVOETON EEAIPETIKA akpIPrC. 'Etol, TO
OAQOSOAACTIXO XPNOIUEVEL yia TNV TIPOPROA TOL O0PIlOVTIOU ETITIEOOU OTNV KABETN
KOIAOOOKO, (OTE HE XPron KAIMOKAG va UTIOAOYICTE N améotacn X. H TPIywVOoUETPIKA

OxX€an Tou pog divel T ywvia ¢ sival;

0 =sinl £ (3.1)

Txnua 3.5: MéBod0¢ aA@adOAACTIXOU YO UTIOAOYIOHO NG ywviag KAIoNG

‘Exovtag emtoxel v e€mOuunt]  ywvio KAONC XPNOIYOTIOIOUPE TO  TIEAUG
OTOBEPOTIOINONG TIOU TIAKTWVETAl TNV KABETN KOIAODOKO Kol EQApPUOLEl OTO IKpiwua. 'ETal,
OTIO@EVYOUUE QVETIIBUUNTEC TOAAVTWOEIC TIOU UTIOPE VO UETOPEPBOUV OTO KOVAAL 1 PIKPEG

METAROAEC 0N ywvia KAionc.

3.1.3 To kavaAi por|g

To KavAAl por¢ aTIOTEAE TO KUPIOTEPO TUNMO TNE TIEIPAUATIKNG dIATagnC. To LAIKO armd 1o
OTI0I0 KOTOIOKEVLACTNKE €ival To Plexiglas. H TIAOYr TOU GUYKEKPILMEVOU UAIKOU EYIVE YIOTi
OUYKEVTPWVEL OAEG TIC OTIAITOVHEVEC 1O10TNTEC:

e Alavyela - (0 d€iktng dIABAACNC Eival TIOPOUOIOC E TOU YUAAIOD).

e MnXaVIKr OvToxI 0 KPOUGOTIKA (QOPTia o€ avtiBean pe v Yabupdtnta Tou

YUOAIOU.

e EA0OTIKOTNTA (EEOPTWUEVN ATIO TO TIAXOG TOU KOUMATION).
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e TMoikiAia dlaoTacEWY.

e EUKOAio otnv e@apupoyn (korr, dldtpnacn, OTEIPOTOUNCN, @peldploua,
OUYKOAANGN) XwpPIiC Vv armaitnon €I0IKWV EPYOAEIV 1 €EEIOIKEVUEVWV
TEXVIKWV.

e H em@dvela EMAPC TOU PE TO VEPO Eival Agiar KAl OTIATIVI} 600 KOl QUTr TOU

YUOAIOU.

Ixnua 3.6: To KavAAl pong

H ponj Tou vpéva eMavw OTO KOVAAL TIAPOUCIAlel IBIaITEPN eLAICONGIa OTIC PETOROAECG
NG KAIONG TOU €TTEQOL, YEYOVOC TIOU OTIOTEAEI GoBapd TIPOPANUA yia v 0pBoTNTa TOU
Telpduotog. Kavéva HJETPNTIKO Opyavo Oev UTIOPE VO EVTOTTICEl OUTEG TIC METOROAEC, €101, N
TIAéOV OgI0TTIoTN PEBOOC €ival N OTITIKN N OTIoi0 AVOAVETAI TIOPOKATW.

To kKavaAl (plexiglass) mpémel va ival Eva emimedo mou de Ba aTpePAWVETAL KABOAOU Kail
Tavtol Ba €xel TNV KAion mou opiletal €€’ apxnc. O eleyxog autog dleEAyeTal otnv Evapén Tou
KAOE TIEIPAUOTOC Pe TNV OoKOAoudn diadikaoio. Kat apxiv pubuiletal n porp ota 121t/min
TIEPITIOV, WOTE N PON va €ival OTPWT OAAG va pnv €ival 1000 apyr TIOU VA KIVOUVEUVEL va
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OTIOOEL 0 LPEVAG. OETOVTAC Hia OXETIKA €évtovn OAAG Pe PIKPR cuxvotnta diatapaxn (0.167 HC
- 1 sec NC - 5 sec NO) dnuiovpyeital €vag U@V KUPOTIOPOC (COAITOVIKO KOPO) aTnv
ETUQAVEIO TOU LPEVO, eP@avI{OPevoC KABe 5 sec. Katd tn por, 0 KUPOTIOMOC QKOAOUOEI
OKpPIBWG TN pon Tou LPEva.

O1av 0 vpévag dev gival eLBLYPAPUICUEVOC KATA ToV AEOvVa TOU TIAATOUG, TIEPICOOTEPO
UYPO GUYKEVTPWVETAI GTN XAUNAGTEPN TIAELPA TOU KavaAlol (Zxnua 3.7 -TOMH B-B' & -
') YE OTIOTEAECUO TNV TIAPAPOPPWGT TOU TIOPOBOAIKOU OXNUOTOG TOU KUMATIOHOU (ZXNMa
3.7 -KATOWH) an6 tv 10aviki tou Hop@r. TO OTIOTEAECUO TNC PONC PUOIKA Oev Eival

OTTIOOEKTO YIOTI TO TIAX0G TOU LMPEVA ETINPEALETAI OTIO TNV TIAPEKKAIOT] TOU KOVOAAIOU aTo TNV

op1ovTIOo.
IAANIKH
KATAZTAZH
Idavik popen
- TOL KOPOTOG
EmuRaAAeTan n «BuBion
avutol Tov onueiov A n
avOPwarn Tou
QAVTICUHPHETPIKOD TOU \
B B’
EmuBaAAetal n «BoBIoT)p
auTtoL Tov onpeiov A n
avoPwon Tou
TOMH A-A TOMH B-B’ TOMH I-I

Ixnua 3.7: Aladikaaoio euBuypdupIong Tou KavaAio
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‘Exel poPAe@Bei amd tov oxedioopd n duvatotNTa «TOTIKAG» PUBUIONG TNG OXETIKAG
B¢ong Tou KavaAlol amd To IKpiwua. Aedopévou OTI TO KAVAAL EQAPUOLEl OTIC dWOEKA VTICEC
TIou €ival BIOWHEVEC OTO IKPIWMUA, YUPVWVTAC PE TNV KATAAANAN @Opd TNV KATAAANAN vtida

TIETUXOIVOUPE TNV TOTTIKN pUBUIoN (ZxMHa 3.8).

ATIO TNV GAAN TIAELPA, N TOTIIKN d10pBwan o€ éva onueio Tou KavaAlol eTtNPEAdEl Kal
TO YEITOVIKA TOU UE CUVETIEID N OlOBIKACIO va aTtoutei TANBWPO ETTAVOANTITIKWY dlopOBwaEwY
Kat doKipwv. ‘ETol, Katd Tnv dladikaagia tng euBuypappiong TPETEl va puBUI{ouuE TIG VTICEG PE
TNV OEIPA TIOU £XO0LVE KATAVTN NG PONC, KAVOVTACG HIKPEG KIVAOEIC g€ KABE ermavainyn. TEAog,
TIPETIEL VA BePaiwBo0UE OTI TO KOVAAL EQAPPOLEl ag OAEC TNG VTI(EC WOTE va ATIOPUYOUUE TO
Kivduvo va dnuioupynbolv OTPeRAWCEI KOl POVIYEG Tapapop@roel; oto Plexiglass.
AkoAoLBoUV QwToypaieg amd tn dladikaagio evbuypaupiong. To LypPO TIOL XPNOIUOTIONBNKE

Tov KaBapo VEPO PE XPWOTIKN.

Txnua 3.9: Znueio kavaAiol mou Xprlel d10pbwang
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Zxnua 3.10: Znueio kavaAioL Tou xprilel d16pbwang

TEAOC 1N KABAPOTNTO TNC ETIPAVEING TOU KAVOAIOU (OTI0 OKOVEC, GAATA KATL.) €gival
aropaitntn. EKTO¢ amod tov amid Kabapiopd Tng, TIPETIEl VA TOKTA XPOVIKA dlacTAUATA v
ETTOAEIPETAl PE €va OIAIKOVOUXO Lypd (Sodium Silicate). To OUYKEKPIUEVO LYPO EXEl TNV
1O10TNTA VO ONMIOVPYEL €va TIPOCTATEUTIKO @IAM OE OAn TNV ETQAVEID TNG PONG TIOU
€EOPOAUVEL TNV TPOXUTNTO ETIPAVEIOC TOU Plexiglas Kal TV OAOUMPIVEVIWV KOIAOOOKMV,
EAOXIOTOTIOIWVTOC £TA1 TNV LOPOUAIKA TOuG avtiotacon. Emiong ue xprion tou Sodium Silicate,
OTIOTPETIETAl TO TIPORANUA TNG SIACTIOCNG TOU UPEVA AOYw KOKNG SIOBPOXAC NG ETIPAVEINC
TOU TOIXWUOTOG. TO KOANOEIOEG PELATO dev ETNPEALEl TIC QUOIKEC 1IB1I0TNTEG TOU SIAAUPOTOC
OAAG 0UTE Kal TNV dlopavh TiQAveld PETPNONG Tou KavaAiou (Plexiglas). Emmpdabeta, 6a

TIPETIEL VO ava@ePBei OTI N aAAayr] Tou SIOAUUATOC TIPOUTIOBETEl G0 TO OUVOTOV KOADTEPO
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KOBapIGPO TNG CUOKELNC - XPnolPoTIoleital LTIEPOEEIdIo Tou Ldpoydvou (Peridrol), To omoio

Ogv eTINPeAdel To LAIKO KoTaokeung (Plexiglas).

3.1.4 YO3pPALAIKO KUKAWUO

To KOvAAL por¢ TITITOVTOC UPEVO GUVOBEDETOL OTIO €VO TIOAUTIAOKO LOPAUAIKO
KOKAWUO. Z& GUVONKEC POVIKNG AIToupyiag gival Eva KAEIOTO KUKAWO OTIOU TO PELCTO
OVOKUKAO@OPEl Pe TNV I10X0L TOU TOU TIPOCdIdOUY Ol aviAie¢. 210 oxnua 3.11

TIOPOUCIALETOI TO LOPOVAIKO OXEDIO EVM TNV CUVEXEID AVOADETOI TO KUKAWWO.

MeAETn Odeu6VTwY Kupdtwy o KekAlpévo Kavat Porg Epyaotiplo ®uoIKV Kal XNUIKQOV Alepyaoiov 43
Institutional Repository - Library & Information Centre - University of Thessaly
18/05/2024 14:41:06 EEST - 3.147.71.125



KepdAalo 30 Melpapatikr) MeBodoAoyia

a) Aoxeio ATtdviAnongq

To d0xeio amAvVIANGNC OTIOTEAE TO OTEYAVO XWPO OTIOU CUYKEVIPWVETOL TO PEVCTO,
€&epXOpeEVO amo to KavaAl. H xwpnukotnta touv doxeiov gival 1,5m3. Méoa ato doxeio auto
LTTAPXEl EUPATITI(OPEVN AVTAIQ, N OTIOI0 ATIOCKOTIEI OTNV AVOKUKAOQOPIO TOU PEVCTOU. XTO €V
AOYyw O0xeEI0 KOTOAYOUV CWANVWOEIC a0 TO OOXEI0 UTIEPXEIAIONG, Ol OTIOIEC ATIOTPETIOLV TO
TEAELTAIO ATIO TO VA TIANUMUPICEL

Koatd tnv évapén tng Aerrouvpyiag yepiouvpe 10 doxeio amaviAnong pe 80 It vepol
OTIoU €ival N ATAITOVPEVN TIOCOTNTA VIO VO AEITOUPYNOEl TO KUKAWHA KOl OTn CUVEXEID

TIPOCHETOVUE € AUTO XPWOTIKN OUGIAC WAOTE VA TIETUXOUHE TNV ETIIOLUNTH avaAoyia.

Txnua 3.12: Aoxegio amaviAnong

MEeTa Tn dlEKTIEPQiaN TwV TIEIPAUATWY KABE Qopd sival amapaitnTn n amocoTpayylion
TOU UOPOUAIKOD KUKAWUOTOG OTI0 TO PEUCTO TIPOKEIUEVOL va aTIOPEUXBOUV oI €TIIKABIOEIC.
AUTO ETIITUYXAVETAL PE TIC CWANVWOEIC TTIOU BPioKOVTOl GTO OOXEI0 ATIAVTIANCGNC KOl Ol OTIOIEC

METOQEPOLV TO PEUCTO OTNV OTIOXETELDT).
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) Avthieq

O pOAOC TWV OVIAIQV E€ival va OVOKUKAOQ@OPOUV TO PEVCTO OTNV TIEIPOUOTIK
oldtagn. Mo CUYKEKPIUEVA, XPNOIKOTIOIOLVTAL U0 €10WV QVTAIEC, Ol euBaTtTi{OPEVN KAl N
€EWTEPIKN. A TEIPAYOTA PE PELOTA XOPNAAC TIUKVOTNTAG OTIWC TO VEPO, XPNOILOTIOIOUUE TNV
eupamudopevn avtAia. H eppamtidduevn aviAia Bpioketal Bubioyévn oto doxeio amdaviAnong.

H xprjon autol tou TOTou avTtAiag Bonbd ot PEIWaN TWV TOAAVTIWOEWV.

OvopaaTikn lox0g 550 W
Méeyiotn Mapoxn 10000 It/h

MéyioTo MaVOUETPIKO YOG 85u |
Mivakog 3.1: XapoKTInpIoTIKA avTAiog

Mo pevoTd LYNANG TILKVOTNTAG OTIWE N YAUKEPIVN, Ol EUPRATITI(OPEVEC OVTAIEC aduvaTOUV
VO TIPOC@EPOLY TNV ATIAITOUPEVN 10XV OTO PELOTO. OTIOTE, EVOAAOKTIKA, XPNOIUOTIOIOUUE TNV
€EWTEPIKI] PUYOKEVTPIKN OVTAIO PEYAANC 10XVOC. H avTAia tpo@odotei armeubeiag 10 KavaAl
Xwpig va TtapePBAAAETON TO doxeio LTIEPXEINiITEIC. MO va pUBUICTEL N TIOPOX| O€ QUTHV TNV

TIEPITITWON XPNOIMOTIOIOUME TN Bava Tou BpiokeTal oTov KAAJO Tou ByPass.

Méyiotn Mopoxi [~5000 It/min
R EF F ¥ REF T BARE M R
Méyioto MavouETPIKO YIog 48
Méyiotn Migon Asitoupyiog 6 bar
Ovopaotikn loxog 1400 W
1 HR AN
Mivakag 3.2: XapoKtnpIoTIKA avTAiog Txnua 3.13 EEwtepikn avIAia
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y) Aoxeio Ymepxeiliong

Ma Tmepauata Pe PELOTA XOWNAAC TILKVOTNTAG OTWC TO VEPO, TO KAVAAI
TPO@OJOTEITAI OTI6 TO doxeio uTEPXEiAloNG. To doxeio uTtepxeiliong Ppioketal ag OYOC TPILV
METPWV 0OTO0 TNV €AeLBEPN ETIQAVEIN TOU OOXEIOL KATAVOUNG WOTE va ONUIOLPYEITaL N
OTTOITOUMEVN LOVOUETPIKNA TiESN TIOU Ba LTIEPVIKICEL TNV TITWAN TTEGNC TWV CWANVWOEWY KOl
TV POOUETPWY. To doxeio uTIEPXEINIONG ETTE TNC ouaiag TTAPEUPBAAAETAI TWV AVTAIWV KOl TOU
00x€iou Katavoung S10TI £TGI YTIOPOUHE VA £XOUME TNV ETIIBLUNTH TIOPOXT OTO KAVAAI XWpIG va
€XOUMPE OVTAIO HETOBANTWV OTpo@wv. MoapAdAAnAd, OUwg, TETUXaiVOuUE OTaBeEP TAPOXN
PELATOU OTO KAVAAL XwpIC TIC SIOKVUAVOEIC TIOU dNUIOLPYEI N avTAia. Mo va TIETUXOUHE OPWC
OUTH TN OTABEPOTNTA TNV TIOPOXN TIPETIEl TO HOVOMETPIKO UYPOC va TIapauével oTabepd dpa
Kal n oTadun tou doxeiov va pével atabepr]. OTOTE, LTIEPTPOPOJOTOUHE ATO TIC AVTAIEC, Kal

MEGO NG UTTEPXEIAIONG ETUIOTPEPOUE TO TIAEOVALOV PEVCTO OTO dOXEID ATIAVTIANCNC.

Txnua 3.14: Aoxeio Ymepyxeiliang

0) Podpetpa

210 KUKAwUO TIpIV TOV Olavopéa €Xouv ouvdebel  duo JIATAEEIC OTIO TTOPAAANAC
POOUETPA YyIa va Bivouv €VOEIKTIKA OTOV XPNOTN TNV TIUN TNG TAPOXNG KAl va puduilel
TIPOOEYYIOTIKA TNV €mbuunt). H Topox Katd Tpocéyylon TIpEMEl va  dlapolpddeTal
OMOIOPOP@O KAl OTIC dUO TIAPAAANAEG OIOTAEEIC POOUETPWY. Ta POOUETPO dnUIoLPYOLV LYPNAN
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LVOPAVAIKI QVTIOTOCON GTO KUKAWMA (TITWAT TEONC), £TCL YO UEYAAEC TIOPOXEC XPNOIUOTIOIO0UE

Ta poopeTpa 1A Kat 1B mmou dnuioupyolv TNV EAAXIOTN TITWON TIECNC OTO PEVOTO.

Txnua 3.15: AIGTogn Twv pOoPETPWV

Poopetpa A AuvapikoTnTa Poopetpa B Auvvapikotnta
1A 5 Lt/min 1B 2,35  Lt/min
2A 2.1 Lt/min 2B 4,75 Lt/min
3A 0.72 Lt/min 3B 1,4 Lt/min

Mivakag 3.3: Méyiateg Emitpenopeveq MapoxEg Twv pooPETPwWY

€) Alavopeag - Aoxeio Katavourg

O poOAOC TOU OlOVOUED €ival Vo KAVEL TIOAATIA TIPOooaywyr) TOU PELOTOU OTO
TuBpéva tou doxeiou Katavounc. ‘ETal, TIETUXOIVOUPE OUOIOPOP@N KOTOVOUN TOU PELATOU

Xwpig TN dnuiovpyia divav Tou Ba dloTapdaaave TNV NPEUIa NG EAeDBEPNC ETIIPAVEINC.
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Txnua 3.16: O dlavopéag Kal To S0XEI0 KATavoung

o1) Alotapayn

O oKOTIOC TNC SlaTapPOXAC Eival va dnuioupynBei Eva «UdPAUAIKO AAUO» OTNV OQETNPIa
NG PONG TOL LPEVA WOTE VO PEAETNOEI N dLVAUIKN €EEAIEN TOU KATAVIN TNC PONC. TPEIG
oWANveg dlaPETpou 010mm TOTIOBETNUEVEG OTO KATW HEPOC TOU OOXEIOL LTIEPXEIAIONG
odnyouvtal o€ pia nAsktpoPaABida ON/OFF kal KatoAnyel om euBeiag otn oe€auevn
attdvtAnong. To vog tng dlatapaxng pubuiletal amd pia Bdva Tou €xEl TOTIOBETNOEL TIpIV TN
nAektpoBaABida. 'Etol, pe m PBoABida TANPWC avorxtr dnUIOLVPYOUUE HEYOAO KUpOTA KOl
avtiotpoga. Emi g ouciag, 0600 n NAeKTpoBoARida eival avoixt o@aipolPe SlOPKWC
TIOCOTNTA PELOTOU aTO TO dOXEID KOTOVOUNC, OTaV N NAEKTPOROABIda KAgioel dnuioupyeital
aKaplaio avénon tng TOPOoXIG OTO KAVAAL TIOU PETA@PAlETal g dnuiovpyia Kupatiopov. H
NAEKTPOROABISO gival TTAPAAANAG CUVOEDEUEVN OE VAV NAEKTPOVIKO XPOVIOTH TIOU EAEYXEL TO
pLBUO oL avoiyel Kal KAEiVEL. YTIAPXEL N OLVOTOTNTA PUBUICNG TOL XPOVoU TIou N BaABida Ba
€ival KAEIOTH Kol XWPIoTA TOU XPOVoU TIou Ba gival avoixth.
‘Exovtag o ) duvatotnTa Vo TIPOKANBED Yia, oTiydiaia 1 un, adénon g mapoxng Tou
PEVCOTOU OTO KOVAAL UTTopEi va dnuioupynOei pia diotapayr otn pof ToU ETITIEdOU LPEVA TIOU
B0 0dNyNoEl 0N YEVEDT €VOC «TOAITOVIKOU» KUOUOTOC 1] HIOC OIKOYEVEIOG TETOIWY KUHUATWY TI0U

N CUXVOTNTO EUPAVICTIC TOUC Ba EAEYXETAI APETA OTIO TO XEIPIOTH) TNG OUCKEUNC.
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Zxnua 3.17: HAektpoBaABideg

Txnua 3.18: XpovioTig g Slatapaxrq

3.1.5 Zuomua ®wTtiopoL

Mavw améd TNV TEPIOXN TWV METPNOEWV (TO KAVAAL porg), TOTIOBETNONKE n TINyn
UTIEPINOOUG PWTOC, Tou eival 10 Aaumtipec vwnAng évtaong (Philips, TL20/05), pe
egaptiuata tpogodoaiac (ballast, starter) yia TNV EAATIWON TWV TOAGVTWOEWVY TOU UTIEPIWAOUC
QWTOC. O Aaumtipec eival tomobetnuévol e atabepr) amootacn 20 cm amd TNV TIAGKA
METPNONG KOl CUMMPETPIKA wC TIPOC TIC GKPEC TOU KAVOAIOU LE OKOTIO TNV TIIO OUOIOHOP®N
KOTOVOMN TNG akTivoBoAiag toug. H otnpign twv Aaumtipwy £yive ae BAoelg and Dexion mou
B1dwONKav OTO EMAVW PEPOCG TOU IKPIWHATOC. H emmAoyr] va KATaoKevaaTei n Baon amd Dexion

£YIVE WOTE va duvartal n pubuian tng amdcTacng o€ Eva eupog 0-45 cm |

3.2 H pébodoc areikdviong Pe @OoPICUO

H pébodog mou Xpnolyotoi|tnke yia TNV GUAAOYN OedOPEVWV €ival N PEBODOC
OTIEIKOVIONG HE QPBOPICUO OTWC avartlxOnke amé Tov BAaxoyidvvn (2001) g TTOAQIOTEPN
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OI0OKTOPIKN WEAETN. ME Tnv Xpron autng ¢ uedddou eival duvatd va TIAPOUUE OVOAUTIKEC
TIANPOPOPIEG YO TO XAPOKTNPIOTIKA TN PONG Kol TWV KUPATWY OTO XWPO KAl aTo Xpovo (T.X.
TAX0C TOU UPEVO KAl ETTOPEVWC TwV ONUIOLPYOUUEVWY KUUATWY, Tax0TNTA TNG PONG, MNAKOC
KOMOTOG, OUXVOTNTO KUPATWV).

Z0u@wva Pe TNV pEBOJO aTIEIKOVIONG PB0pPIoHOD, TIPOCGONKn OTO LYPO OuGiag Tou
@Bopilel kKatd Vv TPOoPoAr] pe UV aktivoPoAia, divel unAn évtacn opotol QwToC ot
KOBOPIGPEVO UNKOG KOpatoC. O @Boplopdc kataypdgetal pe okpifeia oe CCD kdpepa,
XPNOIUOTIOIVTAG KATAAANAG @IATPO, KAl N vTaon Tou g€ KABe Béan g pwtoypagiag eivai
OvVAAOYN TOU TOTIIKOU TIAX0G TOU LYPOU LPEVA. ZTO oxnua 3.19 Tapouaidaletal éva SIdypauu

TIOU TTEPIYPA@EL TN PEBOJO ATIEIKOVIONC YE POOPIoUO KABWCE Kal Ta S1apopa dpyava PETPNONC.

AgtypotoAnyia eikévwv. Me tov A/D Converter | QWTevotnTa
TOU KABe oOnueiov NG e€KOvOG  (UETPOUPEVN oe mV)
SlokpitoTtoigital o€ 255 SIoKPITEG TIPEG (8-bit).

L] MNEIPAMATIKH
1]

1]
ogr [ ALATAZH

DT3155 FRAME GRABBER

CCD CAMERA
(ATtoBrkeuon Twv eIkOVwv (HL Image Tool++97))|

| pe ouxvotnTa éwg Kat 30 €1K,/s. Mg KatdAANAo
AOYIOMIKG (Ttpdypaupa oe MATLAB) kal T
€0PEDN NG EVTOONG TNG TIPOCTITITOVTAC,
AKTIVOBOAIOG I,,(X,y) HETATPETIETAN N évTAON
\OKTIVOBOAIOG O€ TIPAYHOTIKEG SIOCTACEIC TIAXOUG
uypoL upéva.

"EAEYXOC TOU GRHOTOC TNG, -0
KAapePag ae mV Kal g
ouxveTNTag delypatoAnyiag
eIKOVWV (Hz) Métpnon
MAAMOIPADOI PWTEVOTNTAG

€IKOVWVY OF lux

TxAua 3.19: Aldypappa cuUAAOYHG OE00UEVWY TNG PEBOOOV ATIEIKOVIONG PE PBOPICUO
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Mo OUYKEKPIUEVA, TO PELCTO XPWHMATI(ETal amd pia PIKp Ttocotnta (100-300ppm)
NG XPWOTIKAC oupavivn (Sodium Salt of Fluorescein-C20Hio05Na2) n otoia €xel TNV 1010TNTA
va @Bopilel KATW aTd TNV EMIOPACN LTEPINOOUE PWTOC EKTIEUTIOVTOC 0PATO TIPACIVO — KITPIVO
PWE O€ KEVTPIKO UNKo¢ Kupotog 525-580nm. H mpoaBnkn ¢ ouaiag autrg oev eMnpeadel TIG
I010TNTEC TOL PELATOU.

Mavw amd TNV TEPIOXN TwWV METPNOEWY TOTIOBETABNKE N TNy LTIEPIWOOLC PWTOC,
OTIWC avOQEPOBNKE TIPONYOUREVWC. KATtw amd 1o KavaAl poi¢ €ival TOTTOBETNUEVN WNQIAKN)
KAUEPO YIO TNV GUANOYN elKOvwy. O T0ToC TnN¢ Kauepag givar CCD (Sony XC-77/77CE). H
OUYKEKPIUEVN KAPEPO N OTTOIO Eival aoTipOUaupn, £xEl TIOAD KOAN evaioBnaia oto ewg (0,5lux)
Kal avoAoyia orjuatog 8oplfou (50dB), pe TaxOTNTa delydotoAnyiog 60eikoveg/eeo. MNa v
GUAAOYN Kal TNV  OTIOOAKELON TWV EIKOVWY XPNGCIMOTIOIEITOl KAPTA GUANOYNG OEQ0UEVWV
(DT3155 Frame Grabber Board - Data Translation) kKol KAQtdAANAO AOYIOUIKO. H KAPTa €XEl
ouvVaTOTNTa yia PEYIoTN TaxXUuTnta OcrypatoAniog 30eikoveg/5¢0 yia ocuxvotnta 60HC 1
25eIkoveg/sec yia ouxvotnta 50H. H 1kavotnta ammobrkeuong EIKOVwWY Eival Guvdaptnaon tng
OI0BECIUNG UVNKNG TOL LTIOAOYICTH Kail TNC TaxUTNTAG ToL OKANPOUL diokou. Ol EIGEPXOUEVEG
EIKOVEG Ynolottololvtal o€ 640x480 pixels 1) 768x576pixels pe avaiuon 8bits. O1 duvatoTNTEC
OTI0ONKELONC TNG KAPTOC TGUAAOYNC EIKOVWVY, avaloya pe TN SIABETIUN PVAUN TOL LTIOAOYIOTH,
gival 75eikoveg - 24MB - 640x480pixels 11 50eikoveg - 24MB - 768x576pixels. H mepioxn n
OTIOI0 OTTOTUTIVETAL OTNV EIKOVA UTIOPET VO AANAEEL PETOQEPOVTOC TNV KAPEP TIIO KOVTA 1) TIIO
MOKPIA amd 1o KOVAAL o PIKPOTEPEG METOBOAEC XPNOIMOTIOIEITOl KATAAANAOG  (QOKOC
eoTiaong. ‘ETal ymmopouye va TTapoupe EIKOVEG O€ PIKPN TIEPIOXN UE TIOAU PEYAAN akpiBela ) ae
HEYOAUTEPN XWPIC OpWG TNV idla Yne@ioToinan.

Onw¢ Tpoava@epdnke, n KABe €lKOVA pag OiVeEl TIANPOPOPIEC yia TNV évtaaon NG
OKTIVOBOAIOC TIOU EKTIEUTIETON OTIO TOV LMPEVO. TIo OVOAUTIKG, OTO KABe pixel g eKovag
OVTIOTOIXE( IO OIOKPITH) TIYA N OToia OTIOTEAEI TO HEYEBOG WETPNONG TNG EKTTEUTIOPEVNC
OKTIVOPBOAIag Tou vpéva. Aedopévou OTI 0 avoAoYIKOC/ WNn@lakog petatporiéag (A/D Converter)
givarl d1akpItn¢ IKavoTnTag 8-bit, kKABe orua xwpiletal o€ 256 dIOKPITEG TIMEC. To 0 avTioTolXei
OTO PaUPO Kal T 255 01O AeUKO. OewpP®VTAC TNV TIO XOUNAN TIUA évtacnc, dnAadn auTtr] Tou
OVTICTOIXEI OTO TTIIO OKOUPO pixel TNG €IKOVOC, WG XOUNAOTEPN TIUA TNG KAIUAKAG pag (0) Kal
TNV 0 VYNAN TIUr, AUTA TIOU OVTICTOIXEL OTO TTIO PWTEIVO GNUEI0 TNG EIKOVACG, WG TO UEYIOTO
NG KAIMOKAG pog (255), UTtopoUE va TIETUXOUUE TNV TIO AETITOMEPK) OVAALGT) TOL GruaTog. Me
GAAO Aoyla o Géovag y tou dlaypduuotog Tou oxnuotog 3.20 pmopsi va Xwplotei oe 256
onueia. Av Bewprjooue OTI TO TIPWTO OEV AVTICTOIXEL otV TIPN 0 OAAG TNV KATW Yypauun,

KOl TO OVWTEPO OTNV TIAVW YPAUUN, N avdAucon Tou onPatdg Ba sival TIOAD AETITOPEPEDTEPN.
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Meplopidovtag, Aoimov, ta emimeda AcukoU Kal pavpou (White — Black Level) n akpifela g
METPNONC TOL TIAXOULC TOL LHEVO PTIOPED va gival TNG TAENC Twv 5unt. BERaia, TNV TIPN TG
€VTOONG TIOU TIAIPVOUE YIO TNV EIKOVO £XEI ETINPEATEL KAl 0 BEPUIKOC BGpULPOG N TTaPoUaia Tov
OTIOIOVL €ival avaTtOPELKTN gg KABE YN@IoKO onua. H Tiur Tou ¢’ auth Vv TEPITTwan €ival
€UKOAO va PeTPNOei uttoAoyilovtag Ta mV TIou @AiVETAl Vo OKTIVOBOAOUVTaL OTAV 0 QAKOC TNG
KAPEPOAG €ival KOAUUMEVOC (OKTIVOBOAIQ attd TOV LPEVA UNJEVIKN).

Z0PQWVA JE TNV YEBOSO OTIEIKOVIONG HE PBOPICUO, TO TOTIKO Tidxog LUEva h(x,y,t)
gival ypauuiKa avaAoyo HE TNV évtaan ToL QwTog I(X,y,t) TTou EKTTEUTIETAL aTIO TOV @OopilovTa
vuéva. O BAaxoyidvvng (2001) emoAnBevce T YPOMMIKOTNTO METAD TOU BewpnTIKA
TIPORBAEYIUOL TIAXOUG KOl TNG €VIOGONG TNG EKTIEUTIOPEVNG OKTIVOBOAIQG, HE €AEyXoug o€
OlaQOopa onueia Tou OTTIKoL TIediou. 'ETol n oxéon mou ouvdeel TIG d00 AUTEC TIOPAETPOUG

gival;

I(y.0) = alxy) * h(xy.t) + BX.Y) 3.2)

OTIOU 0,3 Ol CUVTEAEDTEG TNC YPAUUIKNC axéanc. Ol U0 AUTOI CUVTEAECTEC EEOPTWVTAL ATIO TO
€i00¢ TOL PELOTOU, TNV OTIOCTOON TWV AGUTITAPWY OTIO TO TOIXWHA, TN CUYKEVIPWGON TNG
XPWOTIKNG ouaiag oto SIGALUA, TO €i00¢ TNG XPWATIKAG 0UCIOEC KAl TO €(00¢ TwV AQUTITHPWVY
@Bopiopol. Emiong ol ouvieAeoté¢ autoi eival ouvaptnon g 0éong pETpnong JdIoTI n
KOTOVON TN¢ LTIEPIOOUE OKTIVOPBOAIOC KOl ETIOPEVWC KOI TNC EKTIEUTIOPEVNG OTIO TOV UPEVA
OKTIVOPBOAIOG dev €ival OPOIOUOP®N. ZUVETIWG, OTIOIAdNTIOTE UETAPBOAr O€ KATIOIO aTO TIC
TIOPATIAVW TIOPAPETPOUE TOU TIEIPAUATOC Ba €iXE WC OTIOTEAECUA TNV PETABOAN TNG TIOPATIAV®
oxéonc. MNa 10 AOGyo QUTO Ol TIOPAMPETPOl auToi KaBopilovtal otnv apxn KABe oCelpdq

TIEIPAPATWV KAl UTTOAOYI{ovTal 01 OTABEPEC a,f3 yia TIC KABOPICUEVEC TGUVONKEG.

Zxnua 3.20: Mopddelypa TIEPIOPICUOU TNG TIEPIOKAG SIOKPITOTIOINCNC YIO €va ONUEio-pixel TN eIKOVag
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ATIO TO TTOPATIAV® @AIVETAL OTI OKOTIOC MOG €ival nf cuUAAoyN, amtd TNV KAPEPO, NG
OKTIVOBOAIOC TIOU EKTIEUTIEI O UPEVAC. OUWC GTNV TIEPIOXN TOU TIEIPAUATOC UTIAPXOLV KOl OAANEC
TINYEG WTOC, OTIWE AUTA TOU PUOIKOU PWTOC I TOU PWTICUOU TOU £PYOCTNPiou. AUTEC Ol TINYEC
eival bavo va petafaAlovtal Katd tn SIAPKEIN TOL TIEIPAPATOC POC Kol va 0AAA{OLY Kal TNV
TIUA TWV CUVTEAEGTWV a Kal . AMA oKOPa KOl GTNV TIEPITTTwaN TIou Ba pévouv oTabepég, n
ab&énon g évtaong tNg akTvoPoAiag mou Ba AauBavel n KApepa Ba PEIWVEL TNV aKPiBela
METPNONG TOL TIAXOUG TOU LWPEVA. TMa va armo@UYoUHE TNV ETOPACT GAAWY TINYWV QWTOC EXEL
TIpocapuocBei mMévw oTov @akd NG KAPEPAC GLVOUACHOC OU0 OTITIKWV @IATpwV (yellow
subtractive — green corrector tn¢ Edmund Scientific). Ta @iATpa autd eTPETOLY VA TIEPATEL
oTNV KAPEPO OKTIVOPBOAIO opatol @WTOC oe €0po¢ PAKOUG KUpotog petagd 500 kat 580nm,
oTNV TIEPIOXN) ONAOON TIOU EKTIEUTIEI O XPWUOTIOMEVOC LUEVOC KATW a6 TNV €Midpacn Tou

UTIEPIOOUE PWTOC.

3.2.1 BaBuovounaon tng yebodou pbopiopol

Mo Tov TIPOCdIoPITUO TWV CUVTEAECTWV TNE OXEONE TNG EVTaOoNC OKTIVOBOAIOC pE To
TOTTIKO TIAXOC TOU LMEVA, €ival avayKaio va yivouv KATToIO TIEIPAUOTO 08 CUVONKEG TETOIEC TIOU
va gival yvwaTtd 1o Tdxo¢ Tou vheva. Me Bdaon ta amoteAéopata ¢ avaAUoNG NG YPOUUIKNAC
€VOTABEIOG, N oTToia EAEYXONKE TtEIpApATIKA TOo0 amd toug Liu et. al. (1993) 600 Kal amnd tov
BAaxoyiavvn (2001), vmtapxel Eva €0pog aplBuwv Reynolds, avaloya pe tnv ywvia kAiong,
OTIOU 0 LMEVAC €ival EVCOTOONG KAl TO TIAXO0C TOL i00 Pe TNV BewpNTIKN TIPORAYN Katd Nusselt.
Emopévwg N ouAAoyn EIKOVWY a€ GUVONKEC TIOU TIAPEXOUY EVGTAON LPEVA UTIOPOLV VA dWO0UV
TIANPOQPOPIEC VIO TOUC CUVTEAEDTEG a,B.

A@oU Aoirtdv TTioToTtoINGEl N CLUPEWVIO PETOED TWV TIEIPOUOTIKWY PETPACEWY KAl TNG
BewpnTIkng TIPORAeWNC Kata Nusselt gival duvatr] n BaBuovounaon tng TEIPAUATIKAG UeBdOoU
XPNOolhoTIoIVTIOE TNV oXéon (3.2). H dladikaoia mou akoAouvBolue eival n €ENG: apXIKA
METPAME TNV TIAPOXN OTO KAVAAIL KOl oo TNV oxéan Nusselt Bpiokoupe T0 TTAX0C TOL LPEVA.
Ma auto To TIaX0C TIOiPVOUE BEQOUEVA (EIKOVEG) WE TNV KAWEPA TIOU OVTICTOIXOUV O€ KATIOIEC
TIUEG TNC OKTIVOPBOAIaG 1. Ol €KOVEC QUTEC OTIOBNKEDOVTOI OTOV UTIOAOYIOTH MECW TOU
Tipoypaupato¢ HL image++98. o TIO0 OwOoTd OTTOTEAECHUOTO TIOIPVOUE QPKETEC EIKOVEC KOl
LTTOAOYICOUPE TOV PEGO OPO TNG OKTIVOPBOAIOC ag KABe pixel. Mg yvwaTr TV aKTIvoBoAia Kal

TO TIOXOC TOU LHEVA €ival dLVATOC KO O UTIOAOYICHOC TWV YPOUMIKWY GUVTEAECTWV O Kal B TN¢
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oxéong (3.2). Emeidn n oxéon €ival ypappikny omtaitoovIal Ta Tdxn Kol ol OKTIVOPBOoAIEC o€
TOUAGXIOTOV duo apIBPOUE Re, WOTE va LTIOAOYICTOLUV Ta a(X,y) kal B(x,v). Qotoco, yia va
av&nBei n akpiBela tng Pabuovounaong, AAPPAVOUUE TIMEC OE TEOCEPIC TOLAAXIOTOV apIBPOoUG
Re ka1 pe mn pEBOBO TWV EAAXIOTWY TETPAYWVWY PBPICKOUKE TA O KAl B TTIOU OVTIOTOIXOUV O€
KGBe pixel. EqOcov UTIOAOYIGTOUV Ol TTiVaKEG Twv a(X,y) Kat B(X,y), MTIopEi va xpnolyoTtoinBei
n oxeon (3.2) yla v €0PECN TOU TIAXOUC TOL LPEVA OE OTIOI0dNTIOTE apPIBUO Re.

TNV TEPITITWON TIOU Ol CLUVONAKEC OTIC OTIOIEC YIVETAL TO TEIpOPa €ival TETOIEC TIOUL OEV
MOG ETIITPETIOVV VO ETUTUXOUHE €uOTOON TIEPIOXN PONC (T.X. Ot LWNAEC ywvieg KAIONC) n
dlodIKagia TTou aKOAOUBEITal gival dIAQOPETIKI. ZTNV TEPITITWAON aUTH Ta OESOPEVA yIa TNV
BaBuovounon Aapfdavovial ge cuvOnKkeg 000 TIIO KOVTIA OTnv guctadn Teploxr. Maipvoupue
EVOV PEYBAO OpPIOUO PWTOYPAPIWV KOl UTIOAOYI(OUUE TO PEGO OPO TNG OKTIVOBOAIOG o€ KABE
pixel. Emedf] o1 ouvbrkeg peéTpnong €ival KOVia otnv €uotabn TEPIoXN TO WECO TIAXOG TOU
VpEVa gival ioo pe to Ttaxog kata Nusselt. Mg Tov TpOTo autod €ival SuVaTOg 0 TIPOGBIOPITHOG
m¢g emidpaong Tou @EWTOPOL o€ KABe pixel ¢ e€kovag. ‘Evag €VOANOKTIKOG TPOTIOG
BaBuovounong outwv Twv TEPOPdTwy €ival n xpnolgomoinon g PBabuovounong yla

MIKPOTEPEC KAIOEIG.
3.2.2 Emegepyaoia dedopEvwv
Onw¢ Aoirtdv TIpoava@EPONKE, Pe TN PEBOSO ATTEIKOVIONG PE PBOPIGUO GUAAEYOVTAI

0ED0OMEVA YIO TNV EVTACT TN¢ AKTIVOBOAIOG TOL LHEVA, KOl ETIOPEVIC YO TO TIAX0C TOU, UE TN

HOop®N EIKOVWV (oxrua 3.21).

IxAua 3.21: MpwTapxIKG dedopéva Tou deiXVouV €va KUUA TIOU KIVEITal
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‘ETol a1t TO TIAPOTIAVW OXNMO OTIC TIEPIOXEC TIOU Ol ATIOXPWOEIC TOU YKPI TIANGIAlouv
TIEPICCGOTEPO TIPOG TO AEUKO €XOUUE PEYOAUTEPO TIOXOC UHEVA (OTIapPEN KOPOTOC) a€ OXEQN HE
TIG TIEPIOXEC ME OTIOXPWOEIC KOVTIA GTO POUPO. ZUUTIEPACUATIKA, GTO oXAua 3.21 pmopoluE va
TIOPATNPAOOUUE TNV Kivnon &vog dIGAIACTATOU HOVOXIKOU KOPOTOC Katavin g ponc. H
KOUTIUAOTNTO TIOU EU@AVIZETAL OTO PETWTIO TOL KUHPOTOCG O@EIAETAN GTNV eMIBpaduvon g Porg
KOVTA OTO TTIAEUPIKA TOIXWHOTO TOU KOVOAIOU. ATIO TIC TIEIPOUATIKEG UETPIOEIC OTIOOEIKVUETAL
OTI OUTA N KOUTILAOTNTO Oev €TNPEACEl TNV €EEAIEN TWV KUPATWVY. ATIO TIC EIKOVEC OUTEC
MTTOPOUME VO TIGPOUMPE HOVO TIOIOTIKEG TIANPOPOPIEC Yo T pon Kol TG OOUEC TIoU
onuioupyoLvtal. MNa va PrmopEcouE va TIAPOUUE TIOCOTIKA OEOOUEVA ATIO TIG EIKOVECG Eival
aVOyKaio va TIG €TIEEEPYNOTOUUE UTIOAOYIOTIKA. AUTO YyiveTal PE T xprion tou MATLAB kai

KATTIOIWV TIPOYPOUMATWY eTtEEEpyaaiag eikovag (Image Tool, HL Image++98).

3.2.3 Wnoioko diAtpapioua

To TIPWTO OTAJIO OTNV E€TEEEPYATIO TWV EIKOVWV Eival N €QAPUOYH KATAAANAOU
@IATpOU Ot KABE €IKOVO WOTE va €AOXIOTOTIOMBEl N EMIOPACT KATIOIWY OVETIIBOUNTWV
TTOPOYyOVIWV OTa dgdopéva NG &viaaong (T.X N Tapoucia eyKAWPICUEVOL aEpa PE HopPn
QUOOAIdWY OTN PO €XEl WG OTIOTEAECUO TNV TOTIKI a0&non ¢ OKTVOPOAIOg Xwpig va
uTtdpxel avénon Tou Tdxoug TOU ULWPEva). Me TV PoNnBeld LTTOAOYIOTIKWY  QIATPWVY
OUOXETICOLHE TNV TIPN € KAOE pixel TNE EIKOVACG e auTh TwV YOPW TOU WOTE VA OTTOAEIPOOLV
Ol TIOAD OTTOTOUEG METABOAEG oV TIUn Alywv pixel. ‘Eva Ttapadelyua xpriong @IATpou @aivetal
oto oxnua 3.22. To TPOYpPOPUa TIOL XPNOIUOTIOINBNKE aTNV TIEPITITWON auTr €ival To Image
Tool kal @iAtpa 6w 1o Gaussian 15x15,7x7 kal 5x5. MeydAn mpoooxr| TipEmel va d00ei atov
opIOud Twv onueiwv Tou Ba XpNOIUoTIoIOVUVTAl OTN CUCXETION OIOTI UTIOPEI VO PTACOUNE OTO
QVETIIOVUNTO OTIOTEAECUO VO OTIOAEIPOUHE KATIOIO 3EDOEVA (TT.X. KUOPOTA PE MIKPO  HRKOG).
Onw¢ paivetal oto oxnua 3.10 amotéAeopa ¢ EQAPPOYNE TOL PIATPOL Eival n opoAoTIoINGN

NG EIKOVAC OAAG TTOPAAANAG Kal TO BOAWMPA TNG. To QIATPO TIPETIEI VO ETUIAEYEl £TC1 WOTE VA

pNV eTNPEACEl TIOCOTIKA TNV EIKOVA.
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Zxnua 3.22: (a) Eikova Tipiv TNV €@apuoyr tou @iAtpou BuvéAEng, (b) HETA TNV eQapUOyr] TOU QIATPOL
QUVEAIGNG.

Emeidn o apiBuog twv €IKOVWY TIou AAUBAvVOVTal KATa T SIAPKEIN KAOE TIEIPAPATOC
€ival TETOIOG TIOU KOBIOTA ATIOYOPEVTIKY] TNV XEIPOoKivNTn ETegepyaaia g KABE €IKOVAC,

XpnolgoToiénke mpoypapua o Visual Basic 10 oToio autopatoTtolei v dladikogia Tou

QIATpOpioHATOC.

3.2.4 YTOAOYIOPOC TN oX£CNG OKTIVOBOAIOG — TIaX0UG LPEVa

21N CULVEXEIa NG eTeéepyaaniag pag, Pe T Bonbela Tou Tpoypaupatioyodl MATLAB,
gival duvat n PETATPOTIA TNG KABE €IKOGVOC O€ TTiVvaKa, GTIOU N TIUN TNG £VTOONG Tou KABE pixel
Ng €IKOVOG Ba avTIOTOIXEl GTNV TIPN €VOC CGTOIXEIOU TOL TTivaka. 'ETo1 KABE €IkOva pe 576x768
pixels petatpémeral oe Tivoka dl00TACEWY 576x768, 0TIOL TO KABE CTOIXEiID TOL TIivOKO Ba
Taipvel Tipn amno 0 wg 255, avdAoya PE TNV EVIOGOHN TN¢ OKTIVOBOAIOG GTO OUYKEKPIUEVO pixel.

To TPWTO PEPOC TNG ETIEEEPYATING TWV EIKOVWV aQOPA TA OEJOPEVA TA OTIOIO TIPAUE
yla Vv Babuovounaon Tng TIEIPAPOTIKAG HEBOdOL Kal TNV €£aywyr] TV CUVIEAECTWV O KAl P.
ApXIK& avTioTolXi(oupe TIC JIOKPITEG TIMEC TOL KABE OTOIXEIOV TOU KAOe Ttivaka oe mVolts

MEGW TNG OXEONG:

100,.0%j) = 100, j) XJ+ BL (A1) ~ Noise (/,j) pe i = 1,576 kot j = 1,768 (3.3)

TNV mapamavw oxéon, q €ivaln avuoToixio PeTagy dIoKPITAG TIUNG Kat mVolts pe:
WL-BL

= 34
9= 255 (34)
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omou WL kal BL ol Tipég tou AoTpou Kal Pavpou EMITEOOL PN@IOTIOINCNG OVTiIoTOIXO GE
mVolts Tou eTIAEyoLHE KOTA TN AP TwV EIKOVWY HPE TO Tpoypappa HLImage++98, kai 1o
Noise(l,j) eival to emimedo Tou BepuIkoL BopuBou oe mVolts To oToio opileTal wg

Noise(i, j) = Io‘i'()\j)xﬂm" é_Bl min + BLmm + BLmm(/,j) pe/ = 1,576kKanj = 1,768 (3.5)

orou ol (i, j) €ivan n dokpitr Tiur (O w¢ 255) Tou KABE GTOIXEIOL TOL TTIVOKA NG EIKOVAC TIOU

EXOUPE AAPEl YE KOAUPPEVO TO @QOKO TNG Kapepag kot WLmax=351,l, BLmin=T,275 eival ol
OKPOIEG TIMEC TOL ACTIPOL KAl POUPOU ETUTIEOOL Yn@loTtoinong avtiotolxa ae mVolts, ou pag
ETUTPETIEL TO TIPOypappa HLImage++98 va eTIAEEOULE.

Omw¢ avagEPONKE TIPONYOLPEVWCE, yia TNV Babuovounon Tmaipvoupe 20 €IKOVEC O€
TOUAAQXIOTOV 4 JIOQOPETIKOUG apiBuoug Re. Ol TiivaKeg TIOU divouv TIC TIHEG OE JIOPOPETIKEC
€IKOVEC yIa Tov 010 Re TpooTiBevtal, KAl T0 OTOIXEIO TOU CUVOAIKOU TIVOKO TIOU TIPOKUTITEL
dlapolvTal PE TO COUVOAIKO OpPIBPO TWV E€IKOVWVY. Mg Tov TpOTIO aUTO  ETUTUYXOVOUUE
OTOTIOTIKA TIIO Oiyoupa ATIOTEAECUOTO YIO TNV TIUN TNG €VTAoNG o€ KABE anueio.

‘Exovtag uttoAoyioel Tov Ttivaka, yia KaBe apiBuo Re, o omoiog divel T péan €viaon
OKTIVOBOAIag tou k&Be pixel ae mVolts, PrtopolpE va GUOXETIOOULUE YPAUMIKA T PECT £VIaaOn
OKTIVOBOAiIag Tou KaBe pixel o€ mVolts pe 10 BEWPNTIKA LTTOAOYICHEVO TIAXOC TOU UPEVA KATA
Nusselt hN, To omtoio gival oT1a8ep6 oe KABe pixel, yia k&Be apiBud Re g evaTabolg TtePIOXNC,
pe Baon tn oxéon (3.2). H ypOUUIK] OUCXETION YIVETAL PE TIOAVWVUIKY TIPOCEYYION TIPWTOU
BaBuolL pe v apxn Twv eAGXICTWV TeTpaywvwy. To MatLab pag mapexel €toipun ocuvdptnon
ylo TNV e@apuoyn tng peBodou (evioAny Polyfit). To amotéAeocpa tng pebBodou eival o
UTIOAOYICUOG TV  TIIVOKWVY TWV ouvieAeoTwv a(576, 768) kal B(576,768) yia kabe pixel.
ETTOpéVWC, PE TOV UTIOAOYIOHO TWV YPOUUIKWY CUVIEAECTWVY 0, B YIVETAI yVWOTH N Hopen TNG
ox€ong éviaong akTiVOBOAIag — TOTIIKOU TIOX0UG LUEVO KOl Gpa €ival SUVOTOC O UTIOAOYICHOG

TOU TTIOXO0UG TOU LUEVO G€ OTTIOIOVONTIOTE APIBUO Re €KTOC TNG ELCTABOUC TIEPIOXNG.

3.2.5 Emegepyaaoia EIKOVWVY yIA TNV TIEPITITWON ETITIEOOV TOIXWHATOG

O apIBUOC TWV EIKOVWVY TIPOG ETIEEEPYATIO OE QUTI TNV TIEPITITWOT, Yia KABE apiBuo Re,
€ival apKeTA PeyoAUTEPOC Ao QUTOV TIOU AapBAvovTal OTnv €VOTOBN TIEPIOXN] KOl EEQPTATOL
amod TO XPOVIKOG JSIdoTnua yia 1o oToio €yive n  delypatoAnyia. ZuvAbwg o pubuog
detypatoAnyiag eival O,felkoveg/sec. H dladikaoia TOU OKOAOUBEeiTal KAl 0g OuTA TNV

TIEPITITWON €ival TIapOPoIa PE AUTA TNG ETIEEEPYATIOg Twv dEDOUEVWVY TNE eLOTABO0C TIEPIOXNC.
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‘ETO1 AOITIOV, KABE EIKOVO UETATPETIETAI O€ £va TTivaKa 576x768, O0TIOU TO KABE OTOIXEIO £XEI PO
dokpit) TN (0 wg 255). O TIHEC aUTEC PETATPETIOVTOL 0 MVoIts PECW TwV OXECEWV TIOU
006nkav otnv Tmapdaypago 3.2.4, xpnoiyomolwvtag wg WL kal BL TIHEG Ol oTtoieq opioTnkav
oav XOPNAOTEPN Kol LYNAOTEPN TIMN TNG €viaong Tng OKTIVOBOAIg Katd Tt OSIApKEID
EKTEAEONC TWV TIEIPAPATWY. 'ETIEITA, N OXECN TIOU £XEl UTIOAOYIOTEI OTI CUVOEEL TNV OKTIVOBOAIa
ME TO PECGO TIAXOC TOU LPEVA WTIOPEI va pog¢ OWOEl TO TIGX0C TOU LHEVA o€ KABe pixel tng

elkovag (ox.3.23).

ATIO TIC TINEG TOU TTivOKa TIOU OiVEl TO TIOXOC TOL LPEVO O KABE onueio YTtopoue va
TIAPOUPE TIANBWPA AAAWV TIANPOYoPIWV. 'ETCl, yio TIOPAdEIYUA, MUTIOPOUME VO E€XOUME TNV
XPOVIKI €EEAIEN TOL TOTTIKOU TIAXOUG TOU LVMPEVA OE €va onueio Tou OTtTIKoL Ttediov (0x.3.24). H
OTIEIKOVION TOU UMEVA g€ BIAPOoPa GNUEia KATA PNKOG TOL TIESIOL POrG CLVOPTIAEL TOL XPOVOU
(h(x0,y0,t)), pTtopei va pog dWaEl TIANPOPOPIEC TXETIKA HE TO PEGO DYPOC TWV KUHPATWY Kal TO

MECO TTIAXOC LHEVA.

IXAUa 3.23: XwpIK €EEAIEN TOL TOTIIKOU TIAXOUC TOU UPEVA

JUYyXPOVWE, UTIOPOUUE VA EXOUME TNV XWPIKA KATavoun g eAeVBePNC ETUPAVEING, EITE
otn KotevBuvaon g pong eite eykapaia (h(x,y0,t) n h(x0,y,t)). H amekdvion Twv KATaVOoUwvY
TOU TIAXOUG TOU UMEVO OE OIOOOXIKEC XPOVIKEG OTIYUEG EXEL PEYAAN TIPOKTIKA O&ia, ylOTi pog
OiVEl ONUOVTIKEG TIANPOQPOPIEG YIO TO PNKOG TOL KOPOTOC KOl TNV Tax0UTNTa TOu Kol yid TIG
€€eAI&EIC aUTWV TwV PeyeBV KATAVTN TNG PONG. AKOMA, PTIOPEI va pag 0wael TIANPOQOPIES yia

TO €i00C¢ TWV KUPATWV KAl TIC OAANAETUOPACEIC METAED TOUCG, KLPIWG PEOW TNG HOPPNC TOUC.
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ZxNUa 3.24: XpovikA €€EAIEN TOU TOTUIKOU TIAXOUC TOU UPEVA OE €Va ONUEIO TOL OTTTIKOU TIEDIOU
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Kepahaio 4

Mepapatika ATToTEAECUOTO

270 TIAPOV KEPAAAIO TIAPOULGCIAJOVIAl TA TIEIPOPOTIKA OTIOTEAECHUATO PONC LYPOU
UMEVO O€ KEKAIMEVO ETUTIEDO ME ETUPOAN €EWTEPIKNG JIOTAPAXNG. € AUTA XPNOIUOTIOONKE
VEPO KOl MIKPN TIOOOTNTO  XPWOTIKAG ouciag ouvpavivn (Sodium Salt of Fluorescein -
C20Hioo5Na2), n mpocOnkn tng otoiag dev emnpeddel TIG 1IBI0TNTEC TOL pevoTtol. H KAion Tou
KavaoAloU Trapepeive otabepry ot 3,16° poipeq. MIKPEG ywvieg KAiong emmAéyovral
TIPOKEIPEVOL VO avaTITUoOCoOVTAl TIIO Opyd Ta dIodIACTATA KUPOTA KOl VO QTIOTPETIETAL I
EUPAVION TWV TPICAIACTATWY Oopwv. Ol BECEIC OTIC OTIoIEC £YIVE NI ANWN TWV OEB0UEVWOV
KOTAVTIN TOL KAVOAIOU Ntav a) 33cm w¢ 59cm, b)133cm w¢ 159 cm Kai ¢) 233cm w¢ 259cm,
YEYOVOC TIOU HOC ETUTPETIEI VO TIOPATNPOUVUE GE APKETA PEYAAO TIEDIO TNV EEEAIEN TWV KLUPATWV
KOl VO EAEYXOUMPE TIC OlAPOPEC OAANAETUOPACEIC TOUC. EAEXONKav 5 SI0@QOPETIKEC
OUXVOTNTEG €EWTEPIKAG dlotapaxng ME otabepr) mapoxr. O1 cuXVOTNTEG TWV ETTPROAAOUEVLV
dlatapaxwyv €ival ol akdAoubec: 1Hz (nAektpofaABida on:0.5 sec-off:0.5 sec), 0.667Hz
(nAektpoPaABida on:l sec-off:0.5 sec), 0.5H{ (nAektpoPBaABida on:l sec-off:1 sec), 0.5Hz
(nAekTpoPBaABida on: 1.5 sec-off:0.5 sec), 0.167 Hz (nAektpoBaABida on:5 sec-off:! sec). Oi
TIEIPOAPOTIKEG pETPrioclg diegnxbnoav ae apiBuovg Re 30, 35 kai 40.

2T0 KEPAAAIO OUTO YiVETAl OPXIKA avo@opd OTovV TPOTIO ETeEpyaaiag Twv
TIPWTOYEVWVY OEOOUEVWV TIOU AQPPBAVOULHE OTIO T PEOBOOO OATIEIKOVIONG ME POOPICPO Kal
TIOPOLOIAOVTIal TA XAPOKINPIOTIKA HEYEDBN TWV HOVOXIKWV KUPATWY. ZTn CUVEXEID YIVETal
SIOXWPICHOC METAEL TwV dIOOIACTATWY Kol TPICOIACTATWY oUWV TIOU U@AvI{ovTal KATA TN
ponry vypoU vpéva. Katd TNV gu@avion Twv TPIcdIAcTATWY dOHWY TIOPATNPONKaV XPOVIKA
OMETARBANTEG OOUEG OTN POI, TO PAIVOPEVO AUTO OVOMUALZETAl «TIAYWHO». AKOAOVBWC e&eTAleTal
n emidpacn ¢ dOTAPAXNE OTNV EUEAVIOT TWV TIOPACITIKWY KUPATWY KOl EAEYXETAI O TPOTIOC
ME TOV OTI0i0 €TINPEAdETal N PON O€ TEPITITWOT id1ag dlaTtapaxng OAAG dIA@OPETIKOU TTIAATOUC.
Emiong mapouacidlovial ta KPIIpla PE TA OTIoid XOPOKTINPIdeTal éva KOPO WG TIANPWG
OVETITUYMEVO KOI QVO@EPETAL N OULUMPBOAR] TOU UTIOCTPWHATOG OTO MPEYEBOC TOL KOUOTOC.
Katotv yivetal AOyog yia TIC OAANAETUOPACEIC PETAED SIadOXIKWV KUMATWY KAl yId TOUG
TPOTIOUG ME TOUG OTIOIOUG GCUVTIEAEITAlI N Ouyxwveuon Toug. TEAOC OuLyKpivovtal T

OTIOTEAEGUOTA TIOU TIPOEKLYPAV ATIO TO TIEIPAMOTA, HE ALTA TIOL TtapovLOolAdovTal oTNV gpyaaia

Twv Tihon et al (2006).
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4.1 MNMpwTtoyevr dedouEva

ATIO T PEBOBO ATIEIKOVIONG HE @OOPICUO CUAAEYOVTOl OeDOUEVO YIA TNV EVIOCON NG
OKTIVOBOAIOG TOL LPEVA KO ETIOPEVWC VIO TO TIAXOC TOU, PE TN HopYn €IKOVwyY (Zxnua 4.1) . Ta
TIEIPOPOTIKA OTIOTEAECHOTA TIOU CUAAEEOME MPOC ETUTPETIOUV va €EAYOUPE HOVO TIOIOTIKA

OULUTIEPACHOTA, CUVETIWG EiVal ATTOPAITNTN N TIEPAITEPW ETIEEEPYATIA TOUC.

Zxnua 4.1: MpwTtoyevr dedopéva TNg PeBddoL POopIoHoD

Onw¢ ava@ePONKe o€ TIPONYOUPEVO KEPAAAIO TO TIPWTO OTAdIO yia TNV emegepyaaia
TWV EIKOVWV OTTOTEAEL TO YN@IakO QIATpAapiopda. H diadikacia autr] e@apuoleTal TIPOKEIPEVOU
va gAaxIoToTtoinBolv averiBountol mopdyovieC. MNa va €EOUOAUVOULPE TIC METPIOEIC MOC,
ONAQdI Vo a@AIPECOUHE TOV €EWTEPIKO BOPLPBO OAAG KOl YIO VO OTIOQUYOUME TIIBAVEG ATEAEIEG
XWPIG v OAAOILOCOVPE TN OOMN TWV KUPATWY, XPNOIUOTIO|OOUE GTO CUVOAO TWV EIKOVWVY TO

PnNeako @iATpo Gaussian 7x7. 'Eva mopadelypa Tng MPBOANG Yn@loKoU QIATpoL @aivetal oTo

oxnua 4.2.

Zxnua 4.2: MpwTtoyevr dedopéva a) Xwpig xprion WnelakoL @IATpoL Kal b) pe xprjon Touv YnelokoL
@iATpov Gaussian 7x7
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310 TIAPOKATW oXua 4.3 Ttapoucialetal n oUYKPIoN PETOED TwV SIOPOPWY GIATPWVY.
H emAoyr) tou Wnelokol @iAtpou Gaussina 7x7 KpPIBNKe n TIAEOV KATAAANAN KoBwG Oev

OTTOAEIQEl ONUAVTIKA OEDOPEVA, OTIWE TO JIKPA UrKOUC KUpATO.

ZxNUa 4.3: Z0yKpion PETAEL da@Oopwy QIATpwVY

MPOKEIPEVOL VA TIAPOUPE TIOOOTIKA CUMPTIEPACHOTA, €TIEEEPYALOPOOTE TA TIPWIOYEVN
0ed0OEVA POC XPNOIMOTIOWVTAC TO TIPOypappa Matlab, 1o ormoio pag divel ) duvatotnta va
OTIEIKOVICOLHE TO TIAXOC TOU UMEVA Yia KABe pixel Tng eIKOvVAC. ZTnNv TEPITITWON HOG O KABE
ypda@nua Tou TIPOoKUTITEL a0 10 Matlab epgavidovtal Ttévie CUVEXOUEVEG XPOVIKEC CTIYUEC, TIOU
OEiXxvouv TN XPOVIKN €EEMEN TOL LPEVA. ZTO OKOAOUBO oxnua aTmeikovidetal n eEEAMEN ToU

LPEVA VIO TIEVTE OIOOOXIKEC XPOVIKEG KOl TO OVTIOTOIXO yPAPNUO PETA TNV ETTIEEEPYATIA TOUC.
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IXAUA 4.4: TIpWTAPXIKG dedOUEVA VIO TTEVTE SIOSOXIKEC XPOVIKEG OTIYHEC

time beginning=1 line conv7flata3#16v1#1re40cwithconv7flata3#16re9cc

=]im

h [

Downstream Distance [=]mm

ZXAUa 4.5: Tpo@iA vpéva yia TTEVTE JIADOXIKEC XPOVIKEC TTIYHEG
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Onw¢ ava@épdnke oto Ke@aAalo 3, amo Ta TIEIPAUATIKG ATIOTEAECUATA, UTIOPOUNE VO
AGBOULPE TTANPOPOPIEC OXETIKA PE TNV XPOVIKI €EEAIEN TOL TOTIIKOU TIAXOUG TOU LMEVA OE €va
onueio tou omTikoL TIediou. Katd tn dladikaaoia autr) Bewpolpe oTtabepd onueio OTO OTITIKO
pag TEdIO KAl TTOPATNPOUUE TIWC OVATITUCCETOL N PON TIEPVWVTAE aTo autd. ZTnv Tapoloa
epyacia ol petprjoelg eAfebnoav ota €€ng evyn onueiwv TOu OTTIKOU pog TEdiOL )
515.05mm-526.02mm, B) 1515.52 mm-1526.02mm kai y) 2515.52 mm-2526.02mm. O A0yog
IOV ETUIAEXOBNKOV (ebyn onuEiwv gival yia va amo@euxOei n amwAsla TTAnpo@opiwy. 'ETterta and

emegepyaaia pe xprion tov Matlab ta e€ayopeva aTIOTEAEGUATA €X0UV TN HOPQPN TOL GXNHOTOC

t(sec)

ZXAMO 4.6: XPOVIKN METABOAR TOL UYPOUG TNG EAELOEPNC ETTIPAVEING VIO dU0 OTABEPA onuEeia

4.2 XOopOoKINPIOTIKA YEYEON POVOXIKOU KOUOATOG

ATIO TO OTIOTEAECHOTO TIOU TIPOEKUWOV HE Xprion tou Matlab dev eival eUKoAo va
€EAYOLUE TUUTIEPACUOTO KOBWG Og KAOE dIOYPAUPO ATIEIKOVI(OVTOL OPKETEG XPOVIKEG OTIYMEQ
TOL TIPOPIA TOU UMPEVA. ZUVETIWCG UETOPEPOUNE TO ATIOTEAECUOTO TIOU £XOUV TTAPOXOEL amo 10
Matlab oto Excel, omou pag didetal n duvatdTNTO EPPAVIONE POVO HIOC XPOVIKAG OTIYUNG o€
KGBe ypagnua. To oxnua 4.7 yog TIAPEXEL TIANPOQOPIa OXETIKA PE TO XOPOKINPIOTIKA HEYEDN
€VOC MOVOXIKOU KOPOTOG. MT1topolpe dnAadr va AABOULUE TIOCOTIKA OTIOTEAECUATO YIA TO
MeAETN OBeLBVTWY KupATwy ot KekApévo Kavat Porig EpyaoTripio UGIKGOV Kal XNUIKOV Alepyaciov 64
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MEYIOTO UYOC TOU LPEVA hmax, TO TIAXOG TOU UMEVA OTO PETWTIO TOU KUPOTOC hf, TO TIAX0G TOL
VPEVA OtV oupd TOU KOPOTOG hb KOl TO PAKOC TWV TPIXOEIBWV AJ ZTO OXNUO OUTO

aTteikovidovTal eTUTIA0V TO TIax0¢ LPEVa Katd Nusselt hN kaBw¢ eTtiong Kat To Pé€co TIAXog Tou

LUEVA <h>.

Katdavin Amoéctaon (mm)

IXAMA 4.7: XapOKTNPIOTIKA YeyEON eVvOC HOVAXIKOU KOPATOG

ATIO Ta OeBOUEVA TIOU €XOUME CUAAEEEL UTTOPOUPE va dNUIOLPYNACOUUE YPA@HUOTA TA
OTIOIO VO TIEPIEXOUV TIOAAEC OIOOOXIKEG XPOVIKEG OTIYMEC KOl OUVETIWG VO UEAETNCOUVUE TNV
€EENIEN TN PONC KAl XPOVIKA. AUTO ETIITUYXAVETOI TIPOCBETOVTOC Eva oTOOepO apIBPO o€ KABE
TIPO@IA LPEVA, YEYOVO(G TIOU ETUTPETIEL TO OIOXWPIOUO HETAEL TOUG KOl GpO TNV KOAUTEPN

aTelkovion (Zxnua 4.8).

To TOPOKATW OXAUO OTIEIKOVIZEl TN XWPIKN METAPBOAN TOU ULUEVA OTIOL N KABE
KOUTIUAN OVTIOTOIXEl O€ MIO XPOVIKN OTIypry n ofoia dla@EPEl amo TV €TOPEVN KATA
At=0.1sec. ZUVETIWC UTTOPOUME VO TIOPATNPIOOVPE TIWG EEEAICOETAN 0O UUEVAC TOCO XPOVIKA
000 KOl XWPIKA KOl VO EAEYEOLHE TNV TIEPIOSIKOTNTA TWV QAIVOUEVWY. ETtiong pag divetal n
duVOTOTNTA VA EKTIPMACOUPE MPE PEYOAN OKPIBEID TN @QOoIKA TaXVINTA TWV  KUPATWV.
Oewpwvtag &va otaBepd onuEio TOL LVUEVA KOl yvwpidoviag TO XPOVIKO Briua HETAED Twv

KOMTIOAWV UTTOAOYI{OUPE TNV TaXVTNTA TOL KOPOTOG. EmImA¢éov sipaote o€ B€on va PETPOOVE
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TO0 PAKOG KUUOTOG A, dNAadr TNV omootacn dIadOXIKWY KOPLUE®WV HETAEL OU0 AVATITUYHEVWV

KUMOTWVY. ATIO TNV €UPECn TOU MNKOUG KUUOTOC ULTIOAOYI{ETOl O KUPOTOPIOPOG Omd TNV

aKOAOULON oxéon:

TEAOG PTIOPOUUE VO OVTAN|OOUUE TIANPOPOPIEG OXETIKA PE TO €i00C TWV KUPATWVY OAAA

KOl TIG OAANAETIIOPACEIG PETAED TOUG (TT.X. TIEPIOOIKA 1] HOVOXIKA KUOUOTO, GUYXWVELOT WETOEL

KUPOTWV).

Katavin Amntoéotaon (mm)

ZXAHA 4.8: XwPIKr LMETABOAN TOU LHUEVA VIO SIODOXIKEG XPOVIKEG OTIYUEG

ATIO oxpOTO aVTIoTOIXO TOU 4.7 PTIOPOUME VO TIOPOTNPNOOUKE TN XPOVIKA €EEAEN
Mg pPOng, TO TAXOC TOU UPEVA OAAG Kol 1O OYog Tou KupatoG. Emiong Aappdavoupe
TIANPOQOPIEC OXETIKA PE TN POCIKI OPUOVIKA TNG oLUXVOTNTOC TOAAVIWONG TWV CNMUEIWV evw

YIVETAl EAEYXOC ylO TNV EUQEAVIOTN TIOPOACITIKWY KUPATWY. ATIO TIEPAITEPW ETIEEEPYATIA TWV

MeAETN OdeudVTIWY Kupdtwy oe KekAipévo Kaval Porg Epyaotrpio Puoikwv Kal XNUIKWV Algpyaciov 56
Institutional Repository - Library & Information Centre - University of Thessaly
18/05/2024 14:41:06 EEST - 3.147.71.125



Ke@dhaio 40 MNelpopatikd ATtotTEAéCoPOTA

OTIOTEAECPATWV KATAPTICETOL TO OKOAOUBOO d1AypapUa OTIOU OTTEIKOVICETAL I XPOVIKA METABOAN

TOU LPEVO VIO CTOBEPO oNUEio TOL OTITIKOU pag Ttediou:

ZXAMa 4.9: XpoVvIKr METARBOAN TOUL VDYoL TNC EAEVOEPNC ETTIPAVEINC VIO OTAOEPO onueio

210 oxnua 4.10 gp@avidetal N XpoVIKN €EEAIEN TNG PONC O€ Eva GNUEio yia dla@opoug
apiBpolg Re. AOyw Tou OTI dgv €ival €ULBIAKPITN N KOPTIOAN TNG KABe Xpovoaoelpdg, TN

peTatoTTi(OVE TIPOCOETOVTOC OE aUTH €vav otaBepd apiBuod (Zxnua 4.11).

ZXAHa 4.10: Xpovikn €€EAIEN TNG poNg as oTaBepd onpeio yia didpopoug Re

(] S 10 1s 20
Xpovog (sec)

IXAMa 4.11: AloXwpPIoPEVN XPOVIKN €EEAIEN TNG poNg o€ oTaBePd onpeio yia didpopoug Re
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MAEov €ival EUKOAO va SIOKPIVOUPE KOl VO CUYKPIVOUUE T CUPTIEPIPOPA TNG PONC
yla d1a@opoug aplBpovg Re as otabepd onueio. Ta ypa@AuaTa OTIOU ATIEIKOVIZETAL N €EEAIEN

¢ pong o€ dIAPOPEC BETCEIC TOL OTITIKOU TIEdIOU €ival TNG HOPEPNC:

Xpobvog (sec)

ZXAua 4.12: Xpovikn €€EAIEN TNG pong o€ did@opa onueia yia idlo Re

Epyadopevol 0Tiw¢ KAl TIPONYOUPEVWE UTTOPOUHE VO dNUIOVLPYHCOUUE YPO@rUOTO OTa
ortoia va aTttelkovidetal n €€EANEN NG poNng yia evav aplBud Re oe dia@opeg OEoeC TOL
KavoAloU (oxrua 4.13). AuTwV Twv 10wV TA YPOA@UOTAa Pag divouv TIANPOQOPIa OXETIKA HE
v €€EAIEN TOUL UWOULCG TWV KUMPATWY, YEYOVOC TIOU OTIOTEAEl KPITAPIO WOTE va eAEyXOEei n
QVATITUENG TOUC. 'EVa OKOUN ONUOVTIKO OTOIXEio €ival OTI PUTIOPOUHE VA TIOPATNPHCOUME TO

OXNMATIOPO KOl TNV GAANAETTIOpACT THOAVWOV TIOPACITIKWV KUHATWV.

ZXAHa 4.13: Alaxwplopévn XPoVvikn eEEAIEN TNG pong oe didgpopa onueia yia idlo Re
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4.3 AlOXWPICHOC PETAEL dIoAIACTATWY KAl TPICOIACTATWY OOUWV

Onw¢ ava@EéPONKe Kal TIPONYOUPEVWE OTOX0C TNG UETATITUXIOKNG EPYOCiag OTTOTEAEI
N MEAETN TWV XOPOAKINPIOTIKWV TWV OIodICTATWY 03EVOVIWV  KUPATWY, KUPIWG Twv
HOVOXIKWV. Z€ TIEPITITWON EPPAVIONE TPICOIACTATWY JOPWV &V YIVETAL TIEPATEPW OVAALCN
KOl €TIEEEPYATIO TWV XOPAKTNPIOTIKWY ToUC. Mg ToV 6po TPIoBIACTATEG JOUEC AVAPEPOUACTE
O€ OKAVOVIOTOUG OXNUOTIOPOUCE OTO HETWTIO OAAA KOl YEVIKOTEPO O OAO TO €0POC TOU UMPEVA.
Mo OUuYKEKPIJEVO TIAPATNPOUVTIAL EYKAPOIOl JIOXWPICHOI OTIC KOPULUEYEC TwV YWNAOTEPWV
KUMATWY YEYOVOC TIOU O@EIAETAl 0€ AOTABEIEC AVAANOYEC PE QUTEC OTIC TIANPWC AVETTTUYHEVEQ
Olod100TaTEG  OOPEC.  XOPOKINPIOTIKO — TIOPAdElypo  dlaXwplopol  dlodldoTatng  Kal
TPIOBIACTATNG dOMNC eP@avideTal ota akoAovBa oxnuata (4.14, 4.15) Omou n KABe €IKOVA
OlOEPEL amo TNV €mopevn TnNg Kata Ai=0.2 sec. Zta oxnuota 4.14(a)- (c) armekoviovtal

d10d1A0TaTEG JOPEG, avTioTolXa oTa oXnuata 4.15(a)- (¢) TapatnEOoUE TPICSIACTOTEC OOMECG.

ZxNua 4.14: Aiodidotateg dopég Re 35 - diatapaxn 1 Hz (3)-(0)0éon b, diodidotatn doun
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Katavin Amtéotaon (mm)
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460 4——
2300 2400 2450 2500 2550
Katdvtn Amntéotaon (mm)
730
1680 C)

2 630 /\A

2300 2400 2450 2500 2550

Katavin Antéotoon (mm)

ZxNua 4.15: Tpliodidotateg douég Re 35 - dlatapaxn | Hz (a)-(c) 8éon ¢, tplodidotatn doun

4.4 Ep@Avion TTAPACITIKWVY KUUATWV

210 onpeio auto TTAPOLCIAOVTAIl TO TIEIPOUOTIKA OTTOTEAECUATA YIO POr) LYPOUL LPEVA
Ot ETMESO TOIXWHA, OTav ETMIPBAAOUPE €EWTEPIKN dlatapaxr. Omwg €xXEl avawepAn
€EWTEPIKA eTIIBOANOpPEVN dlatapaxrn PBaaciletal otn dnuioupyia €vog «uodpav/.;Kol
onNAadr IO IoXLPH PN YPOMMIKY dlatapaxn. ZTn oUVEXEID Ba TIIOTOTIOINBEl OTI N YN YPOAPUIK

€EEAIEN TWV KUPATWVY OXETICETAL AUECO PE TNV ETURBAAANOPEVT CLXVOTNTA TNG dlATAPAXNC.

4.4.1 Movaxika Kopoata

Mna dswotapaxn 1Hz (nAektpoPaABida on: 0.5sec-off:0.5sec) 1o MOPAKATW OXAHOTA
QTIEIKOVICOUV TO TIPOPIA TOL LPEVA CE TPEIC DIAPOPETIKEG OECEIC KATAVIN TNG porc. Ta KOpaTa
QuUTA €X0OULV TN POP@I HOVAXIKWV, dnAadn pia Kopuer avd Tepiodo Tng oToiag Ttponysital Yo
OEIPA TPIXOEIdWV PUTIOWOEWV. H ouxvotnta Omw( @aivetal and 1o oxnua 4.16 sival idia pe

auTr NG ETIRAAANOPEVNC dloTaPAXHC.
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1300 1350 1400 1450 1500 1550 1600
Katavtn Antootacn (mm)

Katavtn Amoéctacn (mm)

IXAMO 4.16: XwpIkA €€EAIEN PovaxikoL KUpatog Re 30 diatapaxn 1 Hz a) 8éon a, b) 8éon b, c) Béon ¢

MoapatnpolPe AOITIOV OTI TO KOPOTA QUTA €ival POVOXIKA KOl TIANPWC OVETITUYHEVA.
‘Eva KPITHPIO TIOU pag Sivel TNV IKAvOTNTA VO KATAAAPBOULPE OTI TA KUPOTO £€XOUV OTTOKTIOEl
TIANPWC AVATITUYPEVN dour, €ival N PETABOAN] TOL UYPOUG TOUG KOTA TNV €EEAIEN TNG PONcC.
JUVETIWG OTAV OV METAPBAAAETAI TO LYOC TOL KUPOTOC KATAVIN TNG POr¢ €ival TToAL Tubavo ta
KOHOTO Vo €XOUV QTACEl O PMOVIUN KATAoTaon. H gu@avion TNG PG KOPUENG ava TIEPIodo Kal
Yo TIG TPEIG BETEIG TOL TIESIOV TWV PETPHOEWVY YOG TIIOTOTIOIETAL OTI0 TO oXfua 4.17.
MeAEtn OdeudvTiwv Kupdtwv og KekAipévo KavaAt Porg Epyaotrplo PUOIK®WV KAl XNUIKOV Algpyacicov 71
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O£on a

—— 0éon b

\ILWJILWIUAJUMAX, — =«
AAAAAAAAMAAAAAAAMA

o S 10 15 20
Xpovocg (sec)
ZxNua 4.17: Xpovikn €€€AIEN NG pong Re 30, diatapaxn 1 HE, 6éoeig a-b-c
H €€€AIEN TNG pong oTIG TPEIG BETEIC TOU TIEDIOL TWV PETPHOEWV PAC TIOPOLCIAZETAl OTA

TIOPOKATW oxnuata (4.18 (a)-(c)).

«Arr'y, )

\AAMYEA AN

A w

1300 1350 1400 1450 1500 1550 1600

Katdvtn Amntéctaon (mm)

ZXAua 4.18: XpovIkA KAl XwpPIKh €EEAIEN TNG pong Re 30-diatapaxrn 1 Hz y)Béon a, 6)6éon b, 0)0éon ¢

AVTIOTOIXEC PETPNOEIC EANPONoav Kal yia apiBuolg Re 35 kai 40 kal tapatnprénkav
TIapoOpola attoteAéopata. H dia@opd Tou LTIAPXEl METAED TWV TIPOOVAPEPBEVTWY TIAPOXWV UE
autl Tou aplBuoy Re 30 €ykerral otnv eP@avion tplodidototwv dopwv. Ma Re 35 ol
TPIOBIACTATEG OOMEC EP@avICovTal aTn B€an ¢ TOU TIEDIOU TWV HETPNOEWVY Pag, VW yia Re 40

TO AIVOUEVO QUTO TTOpPATNPEITal OplaKA 1on amd tn 6€an b.
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4.4.2 Mapaoitika Kopata

Onw¢ TEPIYPAPETal OTNV gpyacio TNG Apyuptadn (2005) yio MPIKPEG CLXVOTINTEG
dlatapaxng odnyoLUOoTeE Og €va Onueio O0Tou Ba €XOLHE MPIO CEIPA PHOVOXIKWY KUHMATWY Ta
oTtoia Ba arméxouv TTOAD METAEU Toug. H pIKPr) cuxvoTnTa dlaTapaxng ETUPEPEL TNV AVATITUEN
plag deutepevovoag O0PNG avAaueoa oTIC OU0 KUPIEG KOPUPEC. 'ETal AOITTOV UETOED Twv
KUPATWVY TIou  dnuiovpyolvtal amd TNV ETPOANOPEVN €P@AVIETAL PIO OEIPA TIOPACITIKWV
KUMATWVY. € MIKPEG OUXVOTNTEG dIATAPAXNG TO MNKOC TOU UTTOCTPWHOTOC EiVOl OPKETA PEYAAO
YEYOVO( TIOU CUVTEAEL OTNV YEVEO TIOPACITIKWY KUPATWY TIOU TEIVOUV va Yivouv POVOXIKA.
XOpOKINPIOTIKO TIOPAJEIYHO EUPAVIONC TIOPACITIKWY KUHMATWY EUQAVICETOl OTA TIOPOKATW
oxnuata, 6mou n emIBaAAouevn dlatapaxn €ival 0.167 Hz. A0 TNV XpOvooeIpd ToU OXNHOTOC

4.19 sipaote AON o€ BEoN va TIAPATNPIICOVKE TNV EPPAVIOT OEUTEPEVLOVCWV KOPLPWV.

ZxAua 4.19: Xpovikn e€€AIEN TNG pong Re 30, diatapaxn 0.167 H, 6éocig a-b-c

Eetddovtag ta akoAouvba oxruata (4.20 (a)-(c)) odnyolUOOTE OTO GUUTIEPOCHO OTI
Tiow oTo TNV oUPA KABE KOPIOC KOPUPNG N OTIoia avaATITUCCETAI KAl TEIVEL VO TIAPEL TN HOPEN
MOVOXIKOU KUJOTOG, Onuloupysital €va vEo KOPO TOU OTIOIOL 1 KOPU®@I MEYAAWVEL Kal
oxnuatidel vEoug KLPOTIOUOUG MPTIpooTd. Me tov apilBud | oupPoAiletal 10 KUOPO TIOU
TIPOEKLYE OTIO TNV ETURAAANOPEVN dlATAPOX KAl PHE 2 TO TIOPACITIKO KUPA. AOyw TOU MIKPOU
TOU OYoug, N TaXLTNTA ToU E€ival €€C0OV UIKPN, OTIOTE ATIOPOKPUVETAl JIAPKWE OO TO KUPIO
MOVOXIKO KOuda. To @aIVOPEVO auTO  g@Avidel emavoAnPIUoOTNTa a@ol N dnuiovpyia
TIOPOOITIKWV KOPUPWV OTIOTEAED pia dladikagia 1 oToia Ttapapével idla o KABe TePiodo
ETUPROANG TNG EEWTEPIKN G dIATAPAXNG.
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ZXAHa 4.20: XpoVIKN Kal XwplKr €EEAIEN TNG pong Re 30-diatapaxn 0.167 HZ a)Béan a, 6)0éan b, €)6éon ¢

ATIO TO MO TIAVW CXNHA TIOPATNPOULE TNV EUEAVIOT MIOC MIKPRG KAPTIoUpag OTo THow
MEPOC TOL KUPIOL KLVPATOCG (ZxAUa 4.20a). To KUPIO KOPO OgV €XEL TIAPEL TN HOPPN HOVAXIKOU
KOPOTOG, AOYw TNG EAAEIYNG TWV PULUTIOWOEWV OTO PETWTIO Tou. Katdvin tng amootaong 1o
BaBolAwpa otV TIAGTN TOU KUMOTOG YIVETAL TIIO ETHTEdO KAl N KAUTIOUPA YIVETAl OAOEVa KOl
TIO ATIOTOUN. ATIO ALTA AVOPEVOUHE va dnuiovpynOei Yia kaivolpla kopuer). H eu@dvion tou
OeLTEPEVOVTOC KUPOTOC O@EIAETAI O AvTOAAayr HAlog PETOEL TOU KUPIOL KUPOTOC KOl TOU
UTTOOTPWUATOC. AOYW TOU OTI N dlOTAPOXN EXEl MIKPOTEPO MEYEDOG OO TO PMOVOXIKA KOpOTQ,
T0 oxnuati{oheva KOPOTa €XOuV TNV TAoN va €AKouv pAala amd TO THoW ULTIOCTPWUA
SNUIOLPYWVTAC HIA KOIAOTNTO, I OTIoi0 OTIOTEAEl yeveaioupyd altia yia Tn dnuiovpyia

TIOPOCITIKWY KUPATWV.
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4.5 Emidpaon tou TTIAGTOULC TNG dlaTapaxnq

‘Eva aKOPO onpavtike {ATNUO OXETIKA ME TNV €TIPOAR TNG €EWTEPIKAC dIATAPAXHG
QTIOTEAEL 0 TPOTTIOC EapUoynC TNG. ‘ETol yia idieg ouxvoTnTeg dIATapaXG OANA UE JIAPOPETIKO
TPOTIO ETTIPOANG OEV TIOPATNPOUKE TA D10 PAIVOUEVA. MO0 CUYKEKPIYEVO ETIIRAAAOME dloTapaxn
0.5 Hz pe dU0 dIOPOPETIKOVG TPOTIOLE O) NAEKPOPBaABida on:1.5 sec - off:0.5 sec kail B)
NAeKpoPBaABida on:l sec - off:1 sec. AnAadr) OTNV TIPWIN TIEPITITWON EICAYETAI TIEPICTOTEPO
PELOTO OTO KAVAAL PONG. ZUYKPIOoN TNG XPOVIKNG KOl XWPIKNG EEEAIENC TOL LUEVO YIA ETTROAR

Twv 300 AUTWV JIOTAPAXWVY, GTNV APXH TOU KOVOAIOU, TIAPOUCIAJETOl OTO OKOAOLBO OXNnua:

IXAMa 4.21: ZOYKPIoN XWPIKAC KAl XPOVIKNAG €EEAIENG TOL LPEVA GTNV APXH TOU KAVOAIOU Yy SIOTAPAXEG
0.5 Hz a) nAekpoPBaABida on:1.5 sec - off:0.5 sec kai b) nAekpoBaiBida on:l sec - off:l sec

Ta aTIOTEAECHATA TIOU TINPAUE VIO TNV TIEPITITWON 6Tou eTURAANAPE dlatapaxr 0.5 HC

(nA\ekpoPBaABida on: 1.5 sec - off:0. 5 sec) ival ta €&Ng:

o 5 10 15 20

Xpovocg (sec)
Zxnua 4.22: Xpovikn €€EAIEN NG por¢ Re 30,d1atapaxr 0.5 Hz(on:1.5sec-off:0.5sec), 0éocig a-b-¢c
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ATIO 1O Oxnua 4.22 Tapatnpeital n gu@Avion HIOG deLTEPEVOVCAC KOPLPKC
(TTapaoITIKO KUPO) N OTIoi0 KOTAVIN TG Porg au&Avetal dlopkKw. AvTioToixa yla tn de0TeEPN
Tiepittwon (NAektpoPBaifBida on:1sec-off: 1sec), N Xpovikr €€EAIEN TNG PONG aTEIKovideTal 01O

TIOPOKATW oXNpa (4.23).

Zxnua 4.23: Xpovikn €&€AEN tng pong Re 30, diatapaxn 0.5 Hz(on:lsec-off:Isec), 8¢o¢lg a-b-c

ATIO 10 oxnua 4.23 yivetal avTuAnNmto OTl Katd tnv €€EAIEN NG porg To UYOC TwvV
KUPOATWV SIOPKWE OUVEAVEL, YEYOVO( TIOU EPXETAl O AVTIOEON HPE TNV TIPONYOUPEVN TIEPITITWAN
OTIOU TO KOPOTO OTIOKTOUV €va otafepo OYoC. Mapatnpwvtag T0 ToPoTdvew dldypauua Ba
OVOUEVOME TNV €PEAVION O&Ka Ol0dOXIKWY Kopuewv, dnAadn uio kKopuer kKabe 2sec. H
ENEIPN AUTWV o\(}né TNV KOUTIOAN TIOU OTTEIKOVIZEL TN XPOVIKN €EEAIEN TNG pong otn 6€aon a,
OEIAETAL 0€ OEAAPO TIOU TIPOEKLYE KOTA TNV €TUROANR NG dlatapaxng. MpokeiuEvou va yivel

oa@eoTepn N cLYKPION, TIOPOTIOEVTal T OKOAOLBA dIAYPAPHUOTA, OTIOU OTIEIKOVIZETAL VIO KABE

B€on Tou OTTTIKOU TIEdIOL, N XPOVIKN €EEAIEN TN PONG YIA TIG dU0 dloTapaxEC (ZxNua 4.24)

21 ouveExela, oto oxnua 4.25, mmapatiBevial ta dlaypAaPPaTa TIOU ATIEIKOVI(OLV TN
XWPIKA Kal XPOVIKA €EEAIEN TOL LPEVA. ATIO TA JIAYPAUPOTA AUTA PTTIOPOVUHE VO GUYKPIVOULE
NV avATituén Tng pPorng o€ KABe Bgon TOL OTITIKOU pOg TIESIOU yio TIG OU0 OIOPOPETIKA
ETUPOANOPEVECG dIATAPAXEC.
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ZxAua 4.24: T0OyKpIion TNG XPOVIKNAG €EEAIENG TNG poNng Yia Re 30 - diatapaxég 0.5Hz:(on:1.5 sec - off:0.5

sec) -(on:l sec - off:l sec ), a) 6éon a, b) 6¢on b, c) Béon ¢
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ZXAHa 4.25: XwpPIKN KAl XPoVIKN €€EAIEN TNG por¢ Yia Re 30 - diatapaxég 0.5Hz:(on:1.5 sec - off:0.5 sec) -

(on:l sec - off:l sec), a) 8éon a, b) 6¢on b, c) Béon ¢
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KegdAaio 40 MelpapatikG ATIOTEAEC AT

Moapatnpolue KAl OTIC TIEPITITWOEI( OUTEC EPPAVION TIOPOCITIKWV KUPATWY TIOU
avarmtlooovTal KOTAavin Tng pong. Mo ouyKekplgeva Ta TIOPOCITIKA KOPOTO AOyw TOUL
MIKPOTEPOUL TOUCG MPEYEBOULC OTIO TA KUPIX, £XOUV UIKPOTEPN TOXUTNTA, OTIOTE N MUETAEL TOU(G
artéotoon JlOPKWE MEYOAWVEL KOl TIANCIAJOUV OAOEVO KOl TIEPIOCOOTEPO T ETOPEVA KUPIO

KOpaTa.

4.6 Mapopola KOPATA o€ SIN@OPETIKO LTTOCTPWHA

Me avénon tou adldotatou aplBpol Re Tapatnpolpe Kal avénon Tou OYoUE Twv
Kupdtwyv. Q¢ 0Yog KOPOTog Bewpolpe TNV amootaon MPETAEL NG KOPLUENE TOU aTo TO
UTTIOOTPWHO. ZTNV TIPAYUOTIKOTNTA OV €XOUME PETARBOAN TOU UYOUC TWV KUUPATWVY OAAA TOU
UTTOOTPWHATOC OTO OTIoI0 KivoUvTal. Mo peyaAlTEPOUG Re T0 KOPO OUCIACTIKA KIVEITAl O€ TIO
UTTEPUYPWHEVA UTIOCTPWHOTO XWPIC va PETABAAAETAN 1IDIAiTEPA TO LYPOC TOU. XOAPOAKINPIOTIKO
TIOPABEIYUO ALTOU TOL PAIVOUEVOL TIOPOUCIAJETAl OTA TIOPAKATW CGXINUOTA OTIOU OTIEIKOVIZETAL

TO TIPOQIA TOU LUEVA KATAVTN TNG amootacnC yia a) Re 35 kat b) Re 40.
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4.7 MAAPWC AveTtTtuyhEVO Movaxiko Koua

MovaxIKA 1] GOAITOVIKA XOpOKInpidovtal Ta KUPATA TIou £€X0UV OCUMMPETPN KUPTWON,
OTIOTOMO PETWTIO, OPAAN OUPA KOl ETTOVTOL TPIXOEIOWV PUTIOWOEWV. MANPWC AVETTTUYHEVO KU
Oewpeital ekeivo IOV aTIOKTA OTABEPN doun Kal TN dlatnpei Katavin tng pong. MNpokeipgevou
VO XOPOAKINPIOCOUPE EVva PHOVOXIKO KOUO, ¢ TIAPWEG AVETTTUYHUEVO, UTIAPXOUV dUO0 Kpitipla. To
TIPWTO €€ AUTWV €XEl VA KAVEL PJE TO UYPOC TOU POVAXIKOU KOPOTOG. ZTNV TIEPITITWON OUTr, av
€va KOPO oTtd KATIOI0 OnUEio KOl HETA ATIOKTNOEl OTaBepOd OYoC TOTE UTIAPXEL MEYAAN
THOOVOTNTA va €XEl PTACEl O€ KOTAOTOOTN TIANPOUC OVETITUYHEVNG O0UNG. 'Eva delTepo Kal
CUUTIANPWMATIKO KPITHPIO O@OPA OTn HOPEr TOU LPEVO OTO MPETWTIO KOl OTNV Ooupd TOu
KOPOTOC. AnAadn o€ TEPITITIWON TIOU 1oXVEL TO TIPWIO KPITHPIO KOl TO ULTIOOTPWHA TIOU
TIPOTIOPEVETAlI TOUL KUMOTOC €XE€l idlo TIAXOC ME OUTO TIOU TO OKOAOULBE(, TOTE TO KOO
XOPOKTNPIZETAl WE TIAAPWE AVETITUYHEVO. ZTO OXNUA 4.27 OTIEIKOVIETAI N XPOVIKN €EEAIEN TOU
OYoug TOU ULPEVA, YO TPEIC DINPOPETIKEG BECEIC KATAVTIN TNG PONG, OTIOU TIOPOTNPOUUE TO

KOMO VO OTIOKTA oTaBegPO LYOC.

650
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450

11 13
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XU 4.27: Xpovikn €€ENEN NG pong Re 30, diatapaxn 1 Hz, 8éoelg a-b-c

AvTioTOoIXa amtoteAsouata AaUBAvoupE Kal amnd 1o oxnua 4.28 ormou areikovidovial ta

TIPO@IA TOU LPEVA O€ TPEIC DINPOPETIKEG BETEIC TOL TIESIOU TWV TIAPATNPNOEWV HOC.
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ZXNHa 4.28: Z0yKplon Ttpo@ii vuéva Re 30 diatapaxr 1HE - €)8éan a, b) 6éon b, c) B6éon ¢
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ATTO T0 mo Tavw oxnua (4.28) CcuLPTIEPAIVOUPE TIWCG TO KUPO otn B8éan c €xel
QTIOKTAOEl TTASOV O0TOBePO UYOC. ETtiong 10 LTTOCTPWHA OTO PETWTIO TOU €XEL TO idl0 TIAXO0C ME
OUTO OTNV oupd Tou. AnAadn emmainBevovtal Kal Ta d00 KPITAPIA, OTIOTE TO KOUA WTTIOPEi va
XOPOKTINPIOTE ¢ TIANPWCE AVETITUYHUEVO. H XWPIKI KOl XPOVIKI aVATITUEN TOU KUPATOC KATAVTN

NG PON¢ TIOPOLCIAZETAl MO AVOAUTIKA 0To oxnua 4.29.

ZXAUa 4.29: XwpIKA KAl XpovIKA €€EAIEN TNG pon¢ yia Re 30 - diatapaxn 1Hz a) 6éon a, b) 6¢on b,c) 6éon ¢

TeNOC, Ba TIPETTEl va onUEIWOE, OTI Gg TIEPITITWON TIOU gp@avidovTal KOPJOTO TIOU £X0LV
TIPOKOWEL aTt0 GAANAETUOPACEIC KAl OV €XOLV AVATITUXOEl TIANPWG dev AapBAvovTal uToyn
KOTA TOV UTTOAOYIOUO TOU PAKOUC KUPOTOC. ZTO GXAUa TIou aKoAouBei Ttapouaoidlovial Kopata

TI0U TTPOEKLYPAV aTIO GAANAETTIOpac KAl cupBoAilovtal pe deiktn 1.

MeAétn Odevoviwv Kupdtwv og KekAipévo Kavail Porg EpyooTrpio PUCIKQOV Kol XNUIKWVY Alepyaciov  §2
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Katavtn Antootaon (mm)
ZxAua 4.30: KOyata mou TIpoékuav amd aAANAETIdpaon

4.8 Zvuyxwvevon Kupdatwv

v epyaoia Twv Chang, Demekhin & Kalaidin (1995) €xouv TIpoPAe@Osi ol
OAANAETUIOPACEIC METAED MOVOXIKWV KUPATWY, €vw o1 Liu et al (1994) mapatrfipnoav
TIEIPOUOTIKA TN CUYXWVEUCOT] PETOEL 000 KLUATWY, XWPIC OPWE va yivel AeTITopepng €EETaan
NG dNMIoLPYIaG TOCO TWV POVOXIKWVY KUUATWY 000 KOl TWV OAANAETIIOPACEWY TOUC. OTIwg
avagepeTal otnv gpyacia twv Vlachogiannis kot Bontozoglou (2001) 10 @QIVOPEVO TNG
OUYXWVELCOTNG EYKEITAlL 0T dlo@opa UYoug PETAED dU0 KUHPATWVY. H dla@opd autr OTTOTEAEL
Bacikd Tapdyovia yia Tov KOABOPIoGPO TNG XPOVIKAC SIAPKEIAC TNG OUYXWVELONG KAl TNG
OTIOKATACTOONG TNG TEAIKNG HOPENAE TOU VEOU KUPATOC. ‘ETol AOITIOV yia PEYAAEC JIOPOPEQ
OPoug HETOEL OU0 KUMATWVY 1N XPOVIKN OIAPKEID TG OCuyxwveuong eival pikpn. ‘Eva
XOPOAKTNPIOTIKO TIAPASEIYPO OUYXWVELCTC METAED dV0 KUUATWVY aTtElKovieTal oto oxnua 4.31
(deiktng 1), omou €éva KOPa TIANOIAZEl €va  MIKPOTEPO, ETUTUYXAVETAL N HPETAED TOUG
OUYXWVEUCOT] KOl OTn OULVEXEID aTIoKaBioToTal N TEAIKI) HOP@N TOU VEOU KUMOTOG HE TN

dnuiovpyia Twv Prpoativwy putidwoewv (front running ripples).

MeAETn Odeuoviwy Kupdtwy oe KekAlpévo Kaval Porig Epyoaotripio DuoIK®V Kal XNHIKWV Algpyactov  $3
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ZxAUa 4.31: Tuyxwvevon PeTagL d0o Kupdtwv Re=35, diatapaxr 0.167 HL, 6éon ¢

2 € TIEPITITWON TIoU N dlaPopPd LPOoULC PETAED dV0 KUPATWY gival pikpoTtepn amd O.lhv
TO KOPOTO TIANOIAJOUV OPKETA METAEL TOUC XWPIC OUWCG va ouyxwvelovtal. AvTibeTa
onuiovpyeital pia dopury dvo Kopuvewv (two hump structure), ol oroieg Kivouvtal padi Katd
MAKOC TNG PONG Kal TIBOVOTATA VO KATAANEOLV OTn dnuiovpyic dU0 AVEEAPTNTWY HOVAXIKWVY

KUMOTWVY (ZxNua 4.32- deiktng 1).

2300 2350 24400 24450 2500 2550 2500
Katavtn Amtootacon (mm)

ZxAua 4.32: Anpioupyia doprg dVo kopuPwv (two hump structure), Re=40, diatapaxr 0.167 Hz, 8éon ¢

MeAETn OdeudvVTwY Kupdtwv og KekApévo KavaAl Por¢ Epyaotrplo Puoikav Kol XNUIKOV Algpyaciov  $4
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4.9 TMNaywPeveg TPIOOIACTATEC OOUECG

Ol 1pIodIACTATEG JOUEC €ival OTIOTEAECUA EYKAPOIWV JIOXWPICHWVY TIOU gu@avidovtal
OTIC KOPUYEG TWV TIO YNAWV KUPATWVY. Ol €yKAPOIOol dlaXwPIoHOoi o@eiAovTal e aoTABEIEG
TIOPOWOIEC PE AUTEC TIOU EP@PAVICOVTAL OTIC dIOOIACTATEG OOUEC. ATTOTEAECHA OAWV OUTWV Eival
n onUIoLPYia OKOVOVIOTWYV OXNUOTIOPWY OTO PETWTIO OAAA KOl YEVIKOTEPO OE OAO TO €UPOC
TOUL LPEVA. Mapd TO AKAVOVIOTO OXNHA TIOU SIETIOLV TIC TPIODIACTOTEC OOUEG TIOPATNPOULE TNV
EUPAVION «TIOYWHEVWY OOHWV» KOTA TN por] Tou Lpéva. Ot dopEC auteg ovopadovial €101
KaBw¢ @aivetal va dlotnpolv aUETARANTN Hopen KOTA TNV €§EAIEN TNG porg. O POVOC TPOTIOG
YO VO TIOPOTNPFOOULHE TIC TIAYWUEVEG OOMEC YIVETOI HE XPAON TWV TIPWTIOYEVWY UG
OedOUEVWY. XOPOKINPIOTIKO TIOPASEIYUA «TIOYWHEVNG OOMNG» OTO0 MEIWTIO TOU KUUOTOG

TtapouaciadeTal ato oxnua 4.33.

Katavtr Antootaon (mm)

ZxNua 4.33: EEENIEN TPIOSIACTATWY dOPWV OTO PETWTIO KOUOTOG Re 40 - diatapaxn 1 Hz
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2€ TIEPITITWOT TIOU OEV €iXav TIOPOATEDEI TTOPATIAV®W TO TIPWTOYEVH] OEB0HEVA, OAAG LUOVO
TO YPO@rUOTO TIOU OTIEIKOVI(OUV TO TIPO@IA TOL LPEVA, Ba LTIAPXE OUYXLON OTO SIOXWPICHO
METOED TWV TPICDIACTATWY JOPMWV KOl TWV HOVOXIKWY KUUATwY. Mépa Twv TpIodldoTatwy
TIAYWPEVWY OOUWV OTO PETWTIO TOU KUPATOC, TIOPATNPEITAl EUPAVIOT TOUG KOl € OAO TO €UPOC
TOU LPEVA. ZTO OXNua 4.34 arelkovidovial TPIoOIACTATEG TIOYWHEVEG OOUEC KOTA TNV €EEAIEN

G PONgG.

ZXAHa 4.34: TplodIACTATEG TIOYWHEVEG DOUEG Yia Re 40 - diatapaxr 1 Hz — 8éon ¢ —At=0.1sec

MeA€tn Odevoviwv Kupdtwv oe KekAipévo Kaval Por Epyaotiplo Puoikwv Kat XNUIKQV Algpyaciov 85
Institutional Repository - Library & Information Centre - University of Thessaly
18/05/2024 14:41:06 EEST - 3.147.71.125



Kepdhaio 40 MNelpapatikG ATIOTEAEOUATA
TENOC N XWPIKM KOl XPOVIKN €EEANIEN TwWV EIKOVWY Tou oxhuatog 4.35 Ttapouaoidlovial

OTO OKOAOULBOO JIAYPOPHA OTIOU TIICTOTIOIEITAl N APETABANTN POPPI] TWV TIAYWHEVWY OOUWV.

Katavin Antootaon (mm)

ZXAMa 4.35 XPOVIKN KAl XWPIKNA €EEAIEN TPIOSIACTATWY TIAYWUEVWY dOPWV

4.10 Z0vBeon ATIOTEAECUATWV

21O Onueio auto yivetal avaAucn TwWV OTIOTEAECUATWVY TIOU €AN@Bnoav omo tnv
TIEIPAPATIKN d1adIKOTia KAl oUYKpIivovTal JE auTd TNG epyadia Twv Tihon et a. (2006). Ztnv v
AOyw epyaaia, dlevepyndnkav TIEIPAPOTA O KOAVOAI UE KEKAIUEVO ETTTTEDO TOIXWHA (UNKOG
2m,tAdtog 0,22m) KAiong 5° Kol o1 PETPACELG €ylvav o€ amootaon 1,5m amd tnv apxr Tou
KaVOAIOU. To pEyeBog tng dlotapaxng nrav pExpt 10% tng péong mapoxng Kal n ouxvotnta tng
dlatapaxrg kupavenke amo 0,5 wg 2,5 Hz. To ebpog Twv apiBuwv Re TTou avtioTtoixoLoe otn
por] Atav HeTagd 10 w¢ 100 KAl TO PELOTO TIOU XPNOIUOTIOINONKE TV LAATIKO JIAALMA
Emkarox HV45, 5% k.. Ol TIEIPAPATIKEG METIPNOEIC £ylvav ae Beppokpacia 22°C kal ol
1I310TNTEG TOU PELOTOUV TIOL OVTIOTOIXOUV OTn Bgpuokpacia auth eival: Ttukvotnta p= 1007kg
m ,KIVNUOTIKO 1&wdeg: v=3,9 X 10 m /s Kal eTtigpaveloky taon 0=0.06 Nm' . O adidoTtatog

ap1Bpog Ka 1ou avTioTOoIXEl OTIC PUOIKEG 1IDI0TNTEG TOL PeLaToU ivarl 1022,6.

MeAETN OdeLoVIwY Kupdtwv o KekAipévo Kaval Por¢ Epyaotrpio PUCIK®OV KAl XNUIKWVY AlEpyaciaov g7
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‘Ocov a@gopd TO MNKOC KUPATOG TWV MOVOXIKWV KUUATWV A, TIou opidetal w¢ n
QTTO0TOCN METOEL dUO SIABOXIKWY KOPUEPWV TIANPWCE AVETITUYHEVWVY KUPATWY, TIOPATNPOUUE OTI
av&avetal 0G0 PEyaAwVEl 0 aplBpog Re (Zxnua 4.36). 210 idl0 oxXnua areikovidovial Kal ta
amoteAéopata NG epyaciag Twv Tihon et al (2006) kal Ta oTmoia Ppiokovial e PEYAAn

OULHEWVIO JE TO aVTIoTOIXO SIKA agG.

400
* 1 Hz - 0.667 Hz A O 5 Hz 0.5 Hz (1-1)
A Tihon 1.8 Hz <> Tihon 1.5 Hz O Tihon 1.2 Hz
o
300
200 T 0
0 4 =
O
100 a
N
10 20 30 40 50 60
Re

ZXAHa 4.36: EEAPTNON PAKOULG KOPATOC o Tov aplOud Re

210 oxnua 4.37 TtapouciAadeTal n €midpacn TNG ETUPAAAOUEVNE SIOTOPAXIE OTO WrKOG
KOUOTOG TWV HOVOXIKWV KUMATWVY. ‘ETol Aoimov pe avénon g eMIPBAANOPEVNC dlOTAPAXIG
TIOPOTNPOUNE HEIWON TOU HAKOUG KUUOTOG, YEYOVOG TIOU TUOTOTIOIEITAlI KOl Omo T
amoteAéopota Twv Tihon et al. AuTto €ival Aoyikd KaBw¢ aLEAVOVTOC TN GUXVOTNTA N XPOVIKNA
SlApPKEID PHETAED VO JIASOXIKWY KUPATWY HPEIVETAI KAl W QUOIKO OKOAOUBO PEIWVETAL Kl N

artdéotoan PETAEL TWV KOPLEWV TOUG.

400

300
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200

100

o 0,5 1,5 2 2,5
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ZxNua 4.37: EEAPTNON PAKOULG KOPATOC OTIO TO PEYEOBOC TNC ETIRAAAOUEVNC DIOTAPAXNG
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To METPOUPEVO MPNAKOC KUPOTOCG TwV TPIXOEIDWV PUTIOWOEWY TIOU gp@aviovtal oTo
METWTIO TWV OOAITOVIKWV KUPATWY CLVOPTIOEl TOU aplBpol Re kataptidetal oto dIAypaupa
4.38. Ta QTIOTEAECHUOTO AQUTA CUYKPIVOUEVO MPE TA avTiotoixa Twv Tihon et al. €xouv tnv idia
YEVIKN Tdon, dnAadr pe avgnaon Tou apiBpol Re ol TPIXOEIdNG PUTIOWUOEICG MIKPAiIVOUV g DYO(
KOl KOTOANYOUV G€ IO TIO OTIOTOMN Pop@n. H CLUUTIEPIPOPA QUTH O@EIAETAl GTNV APVNTIKN
TPIXOEION TIiEQN TIOU ACKOUV Ol PUTIOWOEIC OTNV KUPIA KOPUEN TOU POVAXIKOU KUPOTOG KOl £XEI
WC¢ OULVETIEID TN OTAdIOKN €8l00pPOTINGN TNG OTIOCTABEPOTIOINTIKNG OdPAVEIOKIG OULVANNG
(Chang 1994). ATIOTEAECUO TWV TIOPATIAVW E€ival TO CTAPATNUO TNE TIEPAITEPW AVATITUENG TNG
KOPUEIG TOL POVOXIKOU KUUOTOG. € JEYOAUTEPOUC apIBpoUg Re, Ta KOPOTO £X0LV LYWNAOTEPEC
KOPLPEG KOl OUVETIWG OTIAITOUVTIOL TIO OTIOTOMO  TPIXOEIdN] KOPOTO TIPOKEIYEVOL Vva T
OTOBEPOTIOINOOLV. 2€ OKOUN MEYOAUTEPOULC aplBuoLE Re avapgvetal va odnynbolue otnv

OVATITUEN LOPAUVAIKOU AAUOTOC KOl OE CUYXWVELON TWV PUTIOWCEWV.
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ZXAUa 4.38: EEAPTNON TPIXOEIDWV PUTIBWOEWY TIOU TIPONyoLVTAl TOL POVaXIKOU KOPOTOG oo Re

‘Eva 1I31aiTEPA ONUAVTIKO XOPOKTINPIOTIKO TWV PMOVOXIKWV KUPATWY gival n e€aptnon
¢ TaXVTNTOC OTO TO VYOC TOUC, OTIOL KOl T 000 AUTA MPEYEDN TIOIKIAOUV avVAAOyd HE TOV
aplBud Re. Ta armoteAéouata Tou @aivovial ota oxnuata 4.39 kail 4.40 armodelkviouv OTI 0

aplBuog Re emidpd SIO@OPETIKA OTN QPACIKI TAXVTNTA KAl 0T0 DYOC TWV COAITOVIKWY KUUATWVY
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KegpdAaio 40 MNelpapatiké ATtotTeEAéopaTa

(MeyloTO TTAXOG LPEVA). ATIO TA TIEIPOUOTIKA OTIOTEAECPOTO TOUL OXnuotog 4.39, OTou 1O
MEYIOTO TIAXOC TOUL ULPEVA €xel adlaoTatortoindei pe to KAtAd Nusselt Taxog¢ Touv LHEVQ,
gM@avicetal avgénon g moootntag hmax’hN 1mou TIBAvOTOTa B0 03NYNOEl GTNV OCUUTITWTIKA
CUMTIEPIPOPA TIOU TIPOPAETIETOl OTA OTIOTEAECHOTA TNG e€pyacdiag twv Tihon et al. AnAadn,
APXIKA TO YOG TWV KUPATWVY OUEAVEI TIO YPIYOPO O€ GXECT ME TO PECO TIAXOC TOL LHPEVA, EVM
og LPNAOTEPOLG OpIBuoLC Re Ta dV0 TIpoaVAPEPBEVTA PEYEBN au&avovTal Pe Tov idlo pubuo.
©a uTtopoucE ETTioNg va LTTOTEBEI OTI o€ TIOAD LYNAOLC aplBUoLC Re N KauTOAN Ba apxiocel va
@Bivel KOBWC Ta COAITOVIKA KOPOTO Oa aTIOKIooLV €va oT1aBepd UYPOC, €V TO TIAXOC TOU

UTTOOTPWHATOG JIOPKWCE Ba avgAvel.

ZXAHa 4.39: EEAPTNON TOUL AJIOCTATOTIOINUEVOL PEYIOTOL OPOUC TWV HOVAXIKWY KUUATWY OTo Tov Re

H @aolk tax0INTa Twv POVOXIKWY KUPATWY, OodIACTOTOTIOINUEVN MHE TN HEON
ToaxVINTa Kot Nusselt, dev PETABAAAETAL 1BIAITEPO KOBWC aLEAVETAlL 0 apIBUOC Re, OTwWG
ATTOBEIKVUETAL Ao TO oXAUa 4.40. Ta TIEIPOAUOTIKA ATIOTEAECUATO KOl TIAAI £X0LV TNV idla Tdon

ME QUTA TIOU TIPOKUTITOUV ATIO TNV gpyacia twv Tihon et al. kal Teivouv va aTOKTICOLY UIA

otaBepn TIPn.
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XAHa 4.40: EEGpTNON TNG adI0CTATOTIOMNPEVNC TAXVTNTAC TWV HOVAXIKWY KUPMATWY o1td ToV Re

210 oxfua 4.41 TtapoucldadeTal n €ApTNONn NG QPACIKNG TaX0TNTOG o0 T0 MPEYIOTO

TIGXOC TOU LPEVA Ot OIOOTATIKA peyEBn. ATIO TO OXAMO aQUTO, €ival gUEAVAC N 10XLPN

OUOXETION METOEU TwWV O0U0 TIPOAVAPEPBEVTWVY TTOCOTHTWY YIO OAO TO €UPOC Twv apIBuwv Re

KOl TWV OULXVOTNTWV TwV ETIRAAOUEVWY SIOTAPAXWY TWV TIEIPAPATWY. Ta OTIOTEAECUATO

Bpiokovtal ag TIANPN cup@wvia pe autd twv Tihon et al. KaBwW¢ cuyTtinTovy TAVW TNV IdIa

KOUTIOAN.
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IXAUa 4.41: EEGPTNON TNG QACIKNAG TAXVTNTAC TWV HOVOXIKWY KUPMATWY OTIO TO PEYIOTO VYOG TOUG
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H ypapuik oxéon METAEL NG QAOIKNG TOXUTNTOC KOl TOU OYOoUug TOU HOVOXIKOU
KOUOTOG gp@avideTal Kal ota armoteAéopata twv Alekseenko et al. 1985, yia KATaKOPUEYOULG
UMEVEC KOl 0€ aUTA TwV Liu & Gollub yia KEKAIMEVO €TTITIESD. AUTI N OXEDOV TEAEIN CLOXETION
METOEL TwWV JIOOTATIKWV PEYEBWVY TOu oXUaTOC 4.41 €EOAEiPETAI OTAV TO TIAXOC TOL LUEVA KOl
N @AcIK TaxLTNTA adlOCTATOTIOIOVVTAl HPE TIC AVTIOTOIXEC TTOoOTNTEC KOTA Nusselt (Zxnua
4.42). H oadlaotatoroinon dev eival emtuxng KaBw¢ To SIAYPAUPO TIAPOUCIAlEl HEYAAN

dloaTIopd, YEYOVO( TIOU EP@AVIZETAL KOl OTA ATIOTEAECHATA TNG Epyaaiag Twv Tihon et al.

IXAua 4.42: EEAPTNON TNG @ACIKNAC TaXVTNTACG OTIO TO TIAX0C TOU LUEVA OSIOCTATIOIUEVA E TO AVTIOTOIX
peyEOn katd Nusselt

AVTIOETWC, O€ TIEPITITWAON TIOL TO TIAXO0CG TOL LTIOOTPWUATOC hsub kal n péon taxovINTA
Tou vTooTpwpatog usSlh (dnAadn n péEon TaXLINTO KOTA Nusselt TIOU AVTIOTOIXE( OTO
UTIOCTPWHPO WG XOPOKINPIOTIKA TaxUTNTa), XPNoIYoTIoinfolv avtioToixa w¢ TTOPAUETPOL IO
adlaoTtaToTroinon Tou UYWOoULG TOU KUPOTOG KOl TNG (ACIKNG Tou TaxLINTAg Ttapatnpeital
KOAUTEPN OLOXETION TwV peyeBwv (EZXNUa 4.43). To amotéAecpa autd otnpidel Tnv vmobeson
OTI T COAITOVIKA KOpOTa Ba TIpémel va e&etadovTtal w¢ aveEdpTnNTa CWPOTA TIOU KIVOUVTAI
ETAVW OTO UTIOCTPWHO TOU UPEVA Kal OTI N cUYKPIOoN Toug Ba TIPETEL va yivetal pe Baon oxl
TOV TIPOPAETIONEVO TIAX0G LPEVA KOTA Nusselt aAAG pE TO TIAX0G TOL LTTOCTPWHATOG. H oxéan
METAEL NG PACIKNG TaXUTNTOC KOt TOL DYPOUC TOL KUPOTOG OKOAOUBEI TN YPAUMIKI] OXEon:

N, I, 0
-3=18 *max ".sub

sub sub

(4.2)
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Kepdhaio 40 MelpapatikG ATTOTEAECUOTA

IXAHa 4.43: EEAPTNON TNG PACIKNAG TaXVTNTAG OTto TO TIAX0C TOU LHEVA OdIOCTATIOIUEVA E TO AVTIOTOIXO
MEYEDN TOL LTTOCTPWMPATOC

H €&dptnon autr) OLPEWVEL TIOCOTIKA PE TIG BewpnTIKEG TIPORAEYEIG Twv Chang &
Demekhin (2002), yia KOTOKOPUEQO LUEVA. Ta ATIOTEAECUOTO KOl OTO CNUEIO OUTO £X0OLV TIOAD
KOAN oud@wvia pe autd Twv Tihon et al. H Bewpia aut TIPoRAETIEl OTI LTIAPXEI KOPECUOC TWV
mocottwv c/uSlb kot (hmax-hSub)/hsub 6co av&avetar o apiBudg ResSlb. H ouptepipopd autn
@aivetal ota oxAUota 4.44 kai 4.45 Omou n TOPOoUCIAdoVTal TO ATIOTEAECUOTA TNG £PyOaoiag
Twv Tihon et al. yia TpeIg dIOPOPETIKEG CLXVOTNTEG ETUPRAAANOPEVNG dlaTapaxng. ldiatEpwg,
OTav 1 CUXVOTNTa NG SIATAPAXNG MEIWVETAL KAl TA KOPOTO TEIVOUV va Yivouv HOVOXIKA, Ol
TIOPOTNPEOVPEVEG TIEIPOAPATIKEG TIMEC AUEAVOUV KAl QAIVETAl VO TIPOOEYYI(OUV T BEWPNTIKA
opla twv cl/usth ~ 7.5 kot (hmax-hsub)/hsub ~ 2.5 110UV TIPOBAEPONKAV YIO KATAKOPLPO LPEVO ATIO
Tou¢ Chang & Demekhin (2002). OewpnTikEG TIPOPRALYEIC yia T METARANTOTNTA TWV
mocotNtwv c/uSlb kat (hmax-hsub)/hSub w¢ ouvdptnon tou RedSlh divouv KAPTIVAEG TUTIOL S, Ol
OTtoieq Ogv PTIOPOUV VO KOTOOKELOOTOUV Q&IOTIIOTA OO TO TIEIPOPATIKA OTIOTEAEOPATA. ZTO
OKOAOUBO OXNUOTA TO TIEIPAPOTIKA OTIOTEAECUOTO €V OUYKPIOEl PE QUTA TNG €Pyaciag Tng
gepyaoiag twv Tihon et al. €xouv TePACTIO ATIOKAIOH, YEYOVO( OPKETA €VOIO@PEPOV KABWC N
adlaCTOTOTIONON XPNOIUMOTIOIVTIAG TA XOPOKINPIOTIKA HEYEBN TOU ULTTOCTPWHATOC (TTAXOC

uTtooTPpWHOTOC hsub kKat TaxLTNTA vTTooTPWHOTOC USlb) Bewpeital KABOAIKT).
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ZXAUa 4.44: AdI0CTATOTIOINUEVO TIAXOC LUEVA CLUVAPTIOEl TOL apIOpoL Resub
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ZXAHA 4.45; ASIOCTATOTIOINUEVN QACIK TaXVOTNTA CUVOPTACEl TOL apIBoL Resub

H artokAIon Twv KOPTIOAWY HUTIOPEI VO O@EIAETAL OTO OTI UTIAPXElI YEYAAN dla@opd OTO
1WOEC TWV PELATWVY TIOL XPnoldoTIoINOnKav (vwater =1,004 x 10° m?s - VEmkaroxHV45=3,9 x 10°
m /s). H peyaAn dia@oportoincn Twv armoteAecudtwy Ba umopolces amodobei kol atn dlagopa
NG ywviag KAIoNg twv o000 TIEIPAMATIKWY JIOTAEEWV. OTw( £XEl ava@ePBEl TA TIEIPAPATIKA
aTmoTeEAECPATA eAPONCOV yia ywvia KAiong 3,16° evw Ta OTTOTEAECUOTA TNG €PYACiOag Twv

Tihon et al. gival yia ywvia kAiong 5°. H dla@opd 1000 010 1EWEC TwV d00 PELOTWVYV OGO Kal
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Ke@daAaio 40 MNeipapatikg ATtoteAéopata

NG Yywviog KAIONG TV TIEIPAPATIKWY JIATAEEWV EXEl W ATTOTEAECHA TN dNUIOLPYIA KLUPATWV,
TA XOPOKINPIOTIKA TwWV OTIoIWV E€ival avopola T.X MEYAAN Jdla@opd avAapeca ota UYyn Twv
ONMUIOVPYOVPEVWVY KLUATWY. MBaVOTATa £Vvag EVOAAOKTIKOC TPOTIOC adlo0TATOTIOINCNG TIOL VA
EI0AYEl TA XOPOKINPIOTIKA TOU E€KACTOTE PEUVCTOU OAAG KOl Ba AduPave umoyn 1n ywvia
KAiong Ba pmtopouoe va amodeixBei. Mia TIpwTn TTPOCEyyIon ToL TIPORARUATOC Ba YrtopovoE va
d00¢i av xpnolPoTtolIovoaE yia TO KABE peuoTO Tov adldoTato apiBuod Ka 1mmou tou avtioTolxXEi
KOl 0 ofoio¢ Adpfdavel uvmoyn 1000 10 1EWOEC TOU PevcTol 60O KAl T ywvio KAiong.
MoAAamAaoiddovtag 1o Resub pe 1O AOyo Kawater/KaEmkaroxHV45 @aivetal mw¢ omd T

dlaypPAPMOTA TIOU TIAIPVOUPE VO EEOAEIPETAL PEPIKWCE N PEYAAN OATIOKAION (ZXNHa 4.46 — 4.47).

Al Hz o Tihon 1.2 Hz
o Tihon 1.5 Hz A Tihon 1.8 Hz
o
o
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o a
|
£ oo A
VN
| a
0.5
5 10 15 20 25 30 35

ResSUb*Kawater/KaEm karoxHVv45

ZXAUa 4.46: ASIOCTATOTIOINPEVO TIAX0G LPEVO OLUVOPTACEI TOU ApIBUoLD Resub * Kawater/ K aEmkaroxHV45

Al Hz o Tihon 1.2 Hz

a Tihon 1.5 Hz A Tihon 1.8 Hz
6 -
5 -
§ a4
3 -
2
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RM"sub K3Water/KS Em karoxHV4s

ZXAHO 4.47: ASIOCTATOTIOINKEVN QACIKN TaXVTNTA CLUVOPTHOEl TOL apIBoL Resub * Kawater/KaEmkaroxHvas
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Ke@aAaio 5

Juuriepaopata & MNMpotaoelg yioao MeAAOVTIKL ‘Epevva

5.1 Zuuttepacpata

H mmapoloa PETATITUXIOKI €PYOTia TIPAYHATEVETAl TO XOPOAKTINPIOTIKA TWV 0OELOVIWV
KUMATWV (KUPIWCE TWV JOVAXIKWVY) O KEKAIMEVO ETTITIEDO TOIXWHA, OTAV QUTA ATIOKTOUV TIANPWC
OVETTTUYHEVN HOP@I], UTIO TNV ETIOPOCH €EWTEPIKA ETTIBAANOUEVNC dlatapaXnG. MPoKeIuEvou va
MEAETNOOLV TA JICAIACTATA KUPOTO, HEAETNONKAV TIEPIOXEC PONG XAUNAWY apiBuwv Re, Kabwg
og LYPNAOTEPOUC O0dNYOUUOOTE GCE EUEAVION TPICOIAOCTOTWY OOTaBEIV OTNV  EyKAPOIa
KatevBuvon, TO00 TOU JETWTIOU 000 KOl TNG KOpueng tou kopatog. lMa va e&etaotei
OUOTNUOTIKOTEPA N POI LYPOUL LUEVA, EYIVE AN TWV OEBOUEVWV O€ TPEIC BECEIG KATAVTN TNG
pong Kai ETUPANONKE €EWTEPIKN] dlaTOPOX] TIEVIE OIOQOPETIKWY cuxvottwv: IHZ
(nAektpoBaiBida on:0.5 sec-off:0.5 sec), 0.667HL (nAektpoBaiBida on:l sec-off:0.5 sec),
0.5HC (nAektpoPaABida on:l sec-off:1 sec), 0.5HC (nAektpoPBaApida on: 1.5 sec-off:0.5 sec),
0.167 Hz (nAektpoPaABida on:5 sec-off:1 sec). H peA&tn tou TTPOPAAUOTOC €OEIEE OTI LTTAPXEL
OPKETA KOAN OUP@WVIO MPETOED TWV OTIOTEAECUATWV KOl TwWV 00wV TIPORAETIEL N dlEBVN(

BiBAloypagia. Ta KUPIOTEPO CUPTIEPACHATO OTA OTToia KAaTaAN&aue sival ta €§NG;

e Ta KpITNPIO TIOU XPNOCIYOTIOINONKAV TIPOKEILMEVOU VO TIEPIYPAPEL EVO KOPO WG
TIANPWC QVETITUYPEVO KOl Kpivovtal apKOUVIWG IKAVOTIOINTIKA, €ival: a) n
dlatripnaon &vog otabepol LYPoOoULC KATAvT TNgG pong kai B) 1o 1daxo¢ Tou
UTIOCTPWHOTOC TIOU TIPOTIOPEVETAI TOU KUMOTOC va €ival 00 PE autd Tou

ETIETAL.

e Mapatnpndnke OTi N TPICAIACTAT dOUNA TIOU OKOAOULOEI TTiow amd To KOPA devV
METABAAAETOl (KIVEITOl «TTOywWUEVN»), dNAAdN N TPICAIACTOTN OO0TABEI0 Ogv

odnyei oe Xpoviko Xdoc.
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e & XOAPNAEG OUXVOTNTEC dIATAPOXAC TIOPATNPNONKE EUPAVION TIOPACITIKWV
KUMATWVY, YEYOVOC TIOU O@EIAETAL GTO PEYAAO PNKOC TOU UTIOCTPWHATOC KOt TNV
avtoAAayr padag METa&D Tou KUPIOU KUMOTOC KOl TOU UTIOCTPWHOTOC Kal OXl

AOYW TIPWTOYEVOUC OOTABOEIOG TOV TEAELTAIOU.

e H empBoAn opolag cuxvotntag JlaTaPaxXNG OAAG  JIA@OPETIKOU TIAATOUC,
dnAadn €loaywyn TIEPICCOTEPNG 1 AlyOTEPNCE TTOCOTNTAC TOU PEVCTOU ETUPEPEL

3l0(pOPOTIOINGN TWV KUPOTOPOPQPWV.

e & OIa@OPETIKOVG aplBpolg Re, aAAG LTO TNV €mMPBOAN idlag CLXVOTNTOC
dloTapaxng Oev UTIAPXEL OLUCIOCTIKN HETAROAN TOL LYOUC TOL KOUOTOC, OAAA

METOTOTIION TOU O€ LYNAOTEPO LTIOCTPWHA.

e H ouyxwveuon PETAEL O00 dIASOXIKWV KUUATWVY E£yKEITAl 0T dlA@opd TwWvV
VYWV TOLg, Yyeyovog Tou eTtiReRalwvel TV epyacia twv Vlachogiannis &

Bontozoglou (2001).

e H av&non g ocuxvotntag dlatapaxng €xel WG ATIOTEAECHO TN MEIwON Tou

MAKOULG KOPOTOG, dnA0dN TNG aTIOCTACNG OV0 JIAdOXIKWY KOPUPWV.

e H av&non tou aplBpol Re €xEl W CLVETIEID TNV aLENOCT TOU MFNKOUC KUPOTOG
EVW TOUTOXPOVO Ol TPIXOEIONG KUUOTICHOI TIou TIponyouvIal NG KUPIaG

KOPUENC MIKPAivouv g LPOC Kal YivovTal TII0 aTIOTOOL.

e Adlaotatomolwviag Je 10 hv TTapatnpolpe OTl yia XopnAoug Re 10 OYog
KOPOTOC HeyoAwvel TaxVtepa amd 1o lik, eved oe vPnAolg Re Ta peyédn
avéavovtal PE Tov 010 puBPO (OCULPTITWTIKI) CUUTIEPIPOPA TOU UYOUG TOU

KOPOTOG).*

e ATIOOEIXONKE N YPOPHIKI] CLUOXETION METOEL TNG QACIKNG TaXUTNTAC KOl TOU
MEYIOTOUL UYOUC TOL KUUOTOG, YEYOVOC TIOU £PXETAL OE TIANPN CLM@EWVIA PE TO

aTmoteAéopaTa NG epyaciag twv Tihon et al (2006).
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e 'Evag 1pomo¢ adlooTtatoTioinong  Tou  TIpoteivetal ot BiBAloypagia
ETUTUYXAVETOI PE XPrjon TOU PECOUL TIAXOUC KOl TNG MEONC TaXUTINTOC TOU
UTIOOTPWHOTOG. H adlaotatomoinen aut UTIOdNAWVEL T CnUAcia  Tou
UTTOOTPWHOTOG W TNG POOCIKAG PON¢ oTtnv OToio KIvoUuvIal To HOVOXIKA
KOpoTa. Ta TIOPOVIO OTTOTEAECUOTA TIOPOUCIA{OUV CNUAVTIKI] OTIOKAICN OTIO
auta twv Tihon et al. (2006). O1 300 CEIPEG TIEIPAPATWY dIAPEPOLY OTNV KAION
TOL KOVOAIOU KOl TO 1IEWOEC TOL LYPOU. ZUVETIWCG, N adlacTaATOTIoINCn OTnVv
Tapoloa  pop@ry Oev KOAUTITEL TIANPWG TNV E€midpacn Twv OU0 auTwv
TIOPAPETPWY. Mia TOPAUETPOC TIOL TIIBOVOV aTtaITEITal va glooxOei gival o

apiBuog Kapitza.

5.2 MpoOTACEIC YIO PEAAOVTIKN €pEuva

MpoKeIUEVOU VO PEAETNOEI TIEPAITEPW N CUPTIEPIPOPA TNG PONG UYPOU LHEVA OAAA KOl

TWV XOPOKINPIOTIKWY PEYEDWV TWV 00EVOVIWY KUUATWVY TIPOTEIVOVTOI TO AKOAOLBOA:

e AlEaywyn TEIPAPATWY O PEYOAUTEPEC YWVIEC KAIOEIC TOU KAVOAIOU, YEYOVOQ
TIOU ETUQPEPEL TN MEiwon Tou Kpioipou apiBpoL Re yia petafoon ano aotabr) ot
€VOTOBN TIEPIOX) KOOI OULUVETIWC TIOPEXEL T dLVOTOTNTO  MEAETNG  TWV

O103IACTATWY QAIVOUEVWY CE TII0 EVPL PACHA.

e Xpron pPeuoTwv JBIOPOPETIKWY 1Ewdwv (TI.X dld@opa JSloALPOTO  VEPOU
YAUKEPIVNG) TIPOKEIPEVOU VO YIVEL IO TIO EUTIEPIOTATWHEVN MEAETN TWV

XOPOKTINPIOTIKWY TWV 03EVOVIWV KUUATWV.

e EmpPoAn Jdotapaxwv o€ ouxvotnteg (peyaAltepeg amo  1Hz) wote va
ATIO@EVYETAL N YyEVWWNOI TWV TIOPACITIKWYV OOPWV KOl KOTA CUVETIEIA )

OAANAETIIOPACEIC PETAEY TWV KUPATWV.*

e A0&non tou apBpov Re mou Ba 0dnynoel o€ TPIOBIACTATEG OOPEG KOl Ba £XEl

WG OTOXO TN MEAETIN TWV XOPAKTINPIOTIKWY TOUC.
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e Koataokeun d1ATaéng 1ou va XwpPidel To KavAaAl Kal Ba €XEl WG ATIOTEAECTUO TN
MEAETN TNG €midpacng TOU TIAATOUC KOAVOAIOU OTO  XOPOKTINPIOTIKA TWV

MOVOXIKWV KUPATWV.

e Anuiovpyia CUOTAPATOC NUITOVOEIBOUC dIOTAPAXHG OTIWE TIPOPAETIETAN OTIO TN

Bewpia ypapuIKAg ELOTABEING.

e Koataokeur] TIEPIOSIKA SIAPOPPWHEVWV TOIXWHATWY OTO VEO KAVAAL PONG WATE

VA JEAETNOOUV EKTEVECTEPQ TA dIAPOPA PAIVOUEVO.
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MNopdptnua

Moapdaptnua

Mpoypaupata Matlab

I. MpOypapua LTTOAOYICHOU TWV CUVTEAECTWY CUOYETIOTK a(X,Vv) Kol B(X,V)

% This is an .m file for image processing
tic
echo off
% DATA READING
[first, WLo, BLo, number_of _images_steady,time_delay,distance_overflow,x,z, hn] =
textread ("Input_Production_of_convlo.txt', . ..
'%s%f%f%f%f%f%f%f%f" , "headerlines’, 2) ;

addition(1:576,1:768)=1.275;

analogx=x(1)/57 6.;

analogz=z(1)/7 68.;

for i=I1:576
xvector(i)=i*analogx;

end

for i=1:768

zvector(i)=i*analogz+distance_overflow(l);

i
end
% PRODUCE THE NOISE MATRIX
convvlo=double(imread(*conv7Iio’','bmp"));
lonew=(conwvvilo*((351.1-1.275)/255)+addition) ;
clear convvio
% FRAME AVERAGING for lomin----------m-mmmmmememe
first\v=first (1);
firstiho=char(first\);
go=(WLo(1)-BL0(1))/255;
BLo_ _matrix(1:576,1:768)=BLo(1);
total=zeros(576,768);

for num=l:number_of _images_steady(1)

temporary_matrix=(double(imread(strcat(firstlho,int2str(num), ".bmp")))*qo)+B
Lo_matrix-lonew;
total=total+temporary__matrix;
end
lo_totalmin=(total./number_of images_steady(1));
% FRAME AVERAGING For Difference--------------
for j=2:length(first)
firstv=first(j);
firstl=char(first\V);
go=(WLo(J)-BL0o(§))/255;
BLo_matrix(1:576,1:768)=BLo(J);
total=zeros(576,768);
for num=Il:number_of_images_steady(J)

temporary_matrix=(double(imread(strcat(firstl,int2str(num) , ".bomp*)))*qo)+
BLo_matrix-lonew;
total=total+temporary_matrix;
end
lo_totalmax=(total./number_of images_steady(j));
kkl=round(j-1);
lo(:,:,kkD=lo totalmax-lo totalmin;
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lomax(: , , kkD)=lo_totalmax;

end
clear qo WLo BLo temporaryjmatrix num lo_totalmax total firstl firstvVv/
time_delay
clear distance_overflow BLo_matrix number_of images_steady analogx analogz
acoef=zeros(576, 768);
bcoef=zeros(576,768);
kk2=round(length(first)-1) ;
for i=2:length(first)

dhn(i-1)=hn(i)-hn(1)

end
for k=I:576
k
for i=l:kk2
temp(,:)=lo(k,:,i);
end

xxcal=dhn;
vvcal=temp"’;
for j=1:768
yyycal (J , ;) =polyfit (xxcal, weal (j, 1), 1) ;
end
for j=1:768
acoef(k, j)=yyycal(,1);
bcoef(k,j)=yyycal(,2);
end
end
ho=hn(1);
clear temp xxcal weal yyycal kk2 Kkl i j k x z
save(streat("C:\3_07_07\workspaces\', streat(streat(firstiho))))
clear
toe

1. MpOypaPPa PETOTPOTING TWV EIKOVWV OF TTIVOKEC

%This is an .m file for image processing

[namesV,nameimage,WL,BL,number_of_images,hnusselt]...
=textread ("Input_Production_of_convHeight.txt" , '%s%s%f%f%f%f',"headerlines’,
2);
for i=l:length(namesV)
nummm=char(namesV () ) ;
load(nummm)
clear lo first addition lomax dhn
time_delay=0.1;
tvector=(time_delay:time_delay:number_of images*time_delay);
nameimageV=nameimage(i);
nameim=char(nameimageV);
g=(WL(i)-BL(i))/255;
BL_matrix(1:576,1:768)=BL.(i);
for num=l:number_of _images
k=round(576*(num-1)+1);
kk=round(57 6*num)
nameim
lof=double(imread(streat(nameim,int2str(num) , ".bmp")));
lof_temporary=lof*q+BL__matrix-lonew-lo_totalmin;
clear lof
height=((lof_temporary-bcoef) ./(acoef))+ho;
clear lof_temporary
hall(k:kk, 1:768)=intlI6é(height(1:576, 1: 768)) ;
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clear height
end

% Save
save(strcat{"C:\3_07_07\workspaces\l, strcat(strcat(nameim, "with', nummm))) , *h
all”, "xvector", "zvector", "tvector” , "nnmber_of_images”, "nummm))

clear hall

end

clear

I1l. Mpoypapua dnuiovpyiag diaypaupaTwy ycopucfic JETABOAIK TOU TIAYOTK TOL LPEVA

% Visualization of image processing results
[st,lin]=textread('graph.txt’, '%s %f", "headerline’,1);
names=textread ("inputdisp.txt’, "%s", "headerline’, 1) ;
for kkk=l:length(names)

kkk

namer=names(kkk);

nammm=char(namer)

load (nammm)

nammm

xXI1=10;

x2=57 0;

zI=10;

z2=7 60;

zv=zvector(zl:z2-1) ;

xv=xvector(xl:x2-1) ;

xz=round(x2-xl);

Xposition=round(384);

for i=Il:number_of_images
limitl=round ((i-1)*576+1);
limit2=round(i*576);
TDA=(hall(limitl:limit2,1:768));
TDAnew=double(TDA(xI:x2-1,zl:z2-1));
height(i,:)=TDAnew(xposition,:);
clear TDA TDAnew
end
clear hall
In=round(5);
sel=round((number_of_images/In));
for i=l:sel
k2=round(i*In);
kKl=round ((i-1L)*In+1);
hnew=height(kl:k2,:);
for ii=l:In
styl=char(st(ii));
li=Ilind(i);
plot(zv,hnewd (ii,:),styl,'linewidth’, i)
hold on
end
Xlabel("Downstream Distance [=]mm’)
viabel(C"h [=]pm)
title(['time beginnings,num?22str(kl),” line *,char(hammm)])
hold off
hl=gcf;
set(hi,"PaperOrientation” , "portrait’)
saveas(hi,strcat("C:\3_07_07\workspaces\lineprofiles\ ',
strcat(strcat(nammm, "tb’', num2str(kl) , ‘LineProfileDown") , " . tiF")))
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dqqq=hnew";
save
(strcat (' C:\3_07_0O7\workspaces\lineprofiles\ *, strcat (strcat (namitun, ' tb", num2s
tr(kl), "LineProfileDownold"), 1.dat")), "qqqq', "-ascii’)
end
end

IV. Mpoypapua dnuiovpyiag diaypaupAatwy ypovnaic JETaBoANg evog onueiov me pone

[Nnames,aaxl,aayl,bbxl,bbyl,aax2,aay2, bbx2,bby2,aax3,aay3, bbx3,bby3, aax4, aay4
,bbx4,bby4] . ..
=textread('Input_TimeProfile.txt', ' %s%f%f%f%f%f%f%f%f%f% %% %% % f%f" , 'head
erlines’, 2) ;
tvect=(0.1:0.1:20);
for i=Il:length(names)
namer=names(i);
nammm=char(namer) ;
load(nammm);
aax(l)=aaxI(),
aay(l)=aayl(i);
bbx(1)=bbxI(i);
bby(1)=bbyI(i);
aax(2)=aax22(i);
aay(2)=aay2(i);
bbx(2)=bbx2(i);
bby(2)=bby2(i);
aax(3)=aax3(i1);
aay(3)=aay3(i);
bbx(3)=bbx3(i);
bby(3)=bby3(i);
aax(4)=aax4/(i);
aay(4)=aay4(i);
bbx(4)=bbx4(i);
bby(4)=bby4(i);
for j=1:4
for num=Il:200
k=round(576*(num-1)+1);
kk=k+aax();
kkk=k+bbx(j);
hdownup(num,l)=double(hall(kk,aay(d))):;
hdownup(num,2)=double(hall(kkk,bby(§)));

end

plot(tvect,hdownup(:,1),'Color", "k', "Linewidth',2);

hold on

plot(tvect,hdownup(:,2),'Color", "r*, "Linewidth',2);

Xlabel('t(sec)");

yviabel("film thickness®);

title(strcat("TimeProfile__
*,nammm, "X=',num2str(aax(@)), '&',num2str(aay()).,", ", num2str(bbx(§)),'&", num
2str(bby()))):

hold off

hl=gcf;

set(hi,"PaperOrientation’, 'portrait’)

saveas(hi,strcat("D:\3_07_07\workspaces\timeprofiles\',
strcat (strcat(nammm,"x=", num22str(aax()),"_ ', num22str(aay()),","', num2str(bbx
g)), " _",num2Zstr(bby(j)), '_TimeProf), "_tif")))
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save
(streat('D: \3_07_07\workspaces\timeprofiles\', streat(streat(nammm,"x=",num2s
tr(aaxd@)), ;,humZstr(aay(num2str(bbx<xnum2z2str(bby@)), _Tim
eProf*),l.dat") ), "hdownup”, "-ascii')

end

clear namer namm hall hdownup
end
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