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NEPIAHWH

TNV TTapouca JITTAWMATIKN epyaoia, €EeTACeTal N PETPNON TNG PONG TOU KAUGIUOU
vauTikoU KIVNTAPa ME @OopNTO POOUETPO, ME OTOXO Tov TIPOadIopICUO TG
KatavaAworg Tou.

2¢e TTpwTo 0TAdI0 TTapoucidlovTtal kKal ouykpivovtal BIBAIOYPAPIKA Ta KATAAANAGTEPO
yIO VAUTINYIKEG €QaPUOYEG, Opyava HETPNONG TN pong. Baoer twv dlabéoipwy
ETMAOYWV Kal Twv avaykwv Tou EpyacTtnpiou NautikAg Mnxavoloyiag (ENM), uotepa
atrd evdeAexn €peuva ayopdc, atToKTABNKE éva QopnTO POOUETPO UTTEPIHXWV.

270 TTAQiCI0 TNG EVOWHATWONG TOU PETPNTIKOU OTN popnTA Hovada agpiwy pUTTwWY Kal
I0XUOG VAUTIKWYVY KIvnTHpwY TToU BpiokeTal otnv kKatoxry Tou ENM, egetdotnke n
CUMTTEPIPOPA TOU KaI N AGIOTTIOTIA TWV UETPACEWY TOU.

Mpog autr) Tnv kateuBuvon oxedIAOTNKE KAl KATAOKEUAOTNKE Mia TTPOTUTIN dIdTagn
TTAPOXNG vEPOU, yia Tn SIECAYWYT] CUYKPITIKWVY PETPROEWY TOU POSHETPOU UTTEPHXWV
ME TTPOTUTTN PETPNON OTTO SUVOUOKUWEAN. ZUYKPITIKEG UETPNOEIS TOU idlou opydvou
o1e€nxdnoav e deuTepn didragn tou ENM, xpnoigotmoiwvTag wg TpoTuTIn HETPNON,
™ METPNON amd TPOTUTIO MPETPNTIKO Old@paypa katd ISO. Xta TAdiola Twv
METPAOEWV AUTWY, £YIVE AVOBABUION TNG CUYKEKPIPEVNG EYKATAOTAONG.

O1 pyeTpAoeig TTapoxAS vepoU PE TO QOPNTO POOKUETPO UTTEPAXWY avEDEIEaV TNV KAAN
A€IToupyia TOU Kal TNV IKQVOTTOINTIKA OKPIBEIO TWV HETPHOEWY TOU, OTAV OAEG Ol
TTOPAUETPOI TNG METPNONG NATav  eAeyxOpeveg. MeAemBnke n  aglommoTia Twv
METPACEWY TOU OPYyAvou Yia OIQPOPETIKA @QOPTIO TTAPOXWY Kol CE OIAPOPETIKEG
OUVONKEG, QTTOKTWVTAG OQAIPIKOTEPN E€IKOVA  YIO TO  TTAEOVEKTAUATO KAl  TO
pelovekTAPaTd Tou. MapdAAnAa heAETABNKAV oI TTAPAYyovVTEG TTOU ETTIOPOUV apvNTIKA
OTnV akpifela Twv YETPACEWY KATA TN METPNON ME TO Opyavo auTo.

MeTd 1O TEPOG KOl TNV €TITUX OAOKARpWON Twv WETPACEWY, BIEENXBnoav oeIpég
peTpRoewv o€ kivnTipa Diesel Tou ENM. O1 yeTpRoeig auTég, atmoTéAecav OnUAvTIKO
Bripa TmPog TN PEAANOVTIKA WETPNON TNG POAG KAUGIUOU, TTOU TTPAYMOTOTTOINONKE O€
TAoio TNG €AANVIKAG akTotrAoiag. lMa Tn pétpnon auth dnuioupyndnke Koivo
TEPIBAANOV TTPOOKTNONG Oedopévwy, TTOU TTEPIAAUBAVEI  PETPNTIKA TNG QOpNTHG
Hovadag agpiwv pUTTWV Kal I0XU0G VAUTIKWY KivnTHpwy Tou ENM kai To podueTpo
utTEPnRXwy. Ta épyava TG ¢opnTAG HOvVAdAG TTOU XPNOCIKWOTTOINBNKav yia TN JETPNON
oTo TTAoio fTav, PETagUu AAAwy, éva dpyavo PETpnong poTrmg d&ova Kal €va 6pyavo
METPNONG TOXUTNTAG TTEPIOTPOPNG aGgova. H xprion Twv opydvwyv autwv OE
OUVOUOOWNO HE TN XPACON TOU POOUETPOU, ETTETPEWE TOV UTTOAOYIONS TnNG EIBIKNAG
KAaTavaAwoNG Kauoigou €vhG €K TWV  HPNXAVWY TOU OUYKEKPIPMEVOU TTAOIOU,
OAOKANPWVOVTOG ETTITUXWG TOV KUKAO TNG DITTAWUATIKAG Epyaciag.
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-KEDAAAIO 1: Métpnon mrapoxng kauaipou Kivnthpwyv DIESEL
1.1 Eicaywyn

To KOOTOC TOU KOUGIMOU Twv KUPIWV HPNXAVWY KOl OEUTEPEUOVTWG TWV
vTigeAokivnTApwY atroteAei To 50-70% Tou AcitoupylikoU KOoToug Tou TrAoiou. Ol
UYNAEC TIHEG TOu TIETPEAdioU EMITAOOOUV TNV KATA TO OuvaTtd PEYAAUTEPN
€COIKOVOUNGON EVEPYEIOG. ZUVETTWG, ed@avifetal 6Ao Kal peyaAUTepn n avdykn Tng
BEATIOTNG AcIroupyiag TNG PNXavAg oTo péyIoTo BaBuod amdédoong TnG. AvAykn Trou
evIoXUETAI OAO KAl TTEPICOOTEPO TA TEAEUTAIA XPAVIa KAl YIa TTEPIBAAAOVTIKOUG AGyoUug
KaBwg OleupuveTal n oulATNon yUpw atrd TN MEIWoNn Twv agpiwv pUTTWY Kal
EKTTOUTTIWV OTa TTAaiola Tng EupwTraiking ‘Evwong kai Tou IMO. Tov MdpTio Tou 2012
n Emrpot TpooTaciag Tou BaAdooiou TTePIBAAAOVTOG CUNPUWVNOE OTH onUacia TNG
QVATITUENG €VOG TTPOTUTTOU £TTido0NG atrd Tov IMO, yia Tn HETPNON TNG KATavaAwong
KQuaihou Twv TTAoiwyV etmionuaivovtag 6T Ba atmacXoAnoel TIG ETTOUEVEG OUVEDPIATEIQ
EVW TMBAVWG va TTApouCIacToUV Kal SIAPOPES, TTANPWS UAOTTOINCIPES, TTPOTACEIG
TTPOG auTr Tnv KaTeuBuvon ( Faber, J., Nelissen, D., Smit, M., Monitoring of bunker
fuel consumption, CE Delft Publications, 2013).

MeiCovog onuaaciog TTpog TNV €TTITEUEN TOU 0TOXOU auToU €ival n TTapakoAoubnon Tng
AgIToupyiag Twv pnxavwy (monitoring), oTnv OTToI0 ONUAVTIKA TTAPAPETPO ATTOTEAEI N
PETPNON TNG PONG TOU KATAVAAWBEVTOC KAUTiUou. Xwpig TRV TTARPN TTapakoAouBnon
TNG PONG Kauaiuyou dev BeueAioveTal N BACN WG TTPOG TNV OTTOIO CUYKPivovTal Ol
oTTolE0ONATTOTE TTaPEPPACEIS, dPACTNPIOTNTEG KAl OTPATNYIKEG TTPOG TNV KAAUTEPEN
AgIToupyia TNG UNXAVAG, EVW QUTH KPIVETAI GTTOPAITATN KAl yIa TNV TTARPN Katavonon
TWV TTOPAYOVTWY TTOU €TTNEEACoUV Kal €MIOPOUV OTNV YEVIKOTEPN AgITOUpyia Kal
atrodoTIKATNTA TNG MNXAVNG.

Eivar onuavtiké va avagepbei 611 Tov OkTtwRpn Tou 2012 n EupwTraikn EmTpoth
QVaKoivwoe Ta OXEDIA TnNG yia Tn oxediaon e€vog CUCTAPATOG TTapakoAouBnong
(MRV) pg oKOTTO TNV TTAPAKOAOUBNGCN TWV EKTTOUTTWY TOU TTAOIOU £XOVTAG WG BATIKNA
TTAPAUETPO ava@OPAs TV PETPNON KATAVAAWGONG KAUGIUOoU.

Na Toug IBIOKTATEG, €ival agloonueiwTeg U0 AUETES ETITITWOEIG. ATTO TN Hia TTAeupd
kKaAoUvTal va empBapuvBouv pe €€0da, yia TNV ayopd Kal Tnv eykatdotacn TpooBeTou
e€oTTAIoPOU, KaBWG Kal yia TNV TTapakoAouBnon kai Tnv uttooAr) aToixeiwv. ATro Tnv
GAAN TTAgupd, péoa atmmd autd To £pyo Ba PTTOPECOUV va eVvTIOTTICOUV BUVNTIKA VEEG
EUKQIPIEG yIa TNV €goikovounon Kauoigou, Méoa amd TN AQwn  XPAOIJWVY
TTANPOPOPIWY YIa TN AEITOUpYia TNG PNXAVAG.

EmmpooBétwg, n mapakoAolbnon TG KAtavaAwong TOU KAUGIYOU TNG PNXAavAg
MTTOPEl va oTToTpéWel TNV KAOTIH, TOUAGXIOTOV O€ gupeia KAipoka, TTou Teavwg
AauBdvel xwpa Katd TNV Tpo@odoacia Twv deEapevwy Kauaiyou Tou TTAoiou. H yvwon
ylia 1o TI ‘Kaigl’ N ynxav Tou TTAoiou €ival AuEcA CUVUQACUEVN PE TIG AVAYKEG TOU,
KAT@ TNV TPOPOBOCia Twv JEEAPEVWV TOU. ETNV TTAEIOWN@Ia TwV TTAOIWV N PHovadIKA
£€vdeItn TTou aopd TO KAUOIWo TToU KaTtavaAwdnke, Bacietar otn PéTpnon ME
OYKOMETPIKN peCoUpa Twv deCapevwyv oTnv apxrn Kal oto TEAog Tou Tagidiou. Mia
METPNON TTOU TTAPOUCIAdel PeyAAa OQAAPATa KABWG TTOPEICPPEOUV GOAAPOTA TTOU
givalr dUOKOAO €w¢ aduvato va amo@euxbouv 1 va TTOCOTIKOTIOINBoUV TTARPWS
(o@dApa avdayvwong, diagopd Bepuokpaciag Twv deCapevwV TTPIV Kal HETA TO Tagidl,
TTUKVOTNTA TOU KOUaidou, katakaBioelg). Ta oeaAuata autd, utropei va odnyRoouv
O€ QEI0ONMEIWTEG OIKOVOUIKEG OTTWAEIEG.



Ta kataAANAGTEPQ, aTTd ATTOWN A&IOTTIOTIAg, MEOQ, Yia TV TTAPAKOAoUBNon TG PONG
KQUOIMOU TNG PNXAVAG KAl KAT €TTEKTAON TNG KATAVAAWONG TNG, €ival Ta pOOUETPA
Tapoxng kauaoiyou (fuel flow meters). Ta onuavTikGTEPA ATTO AUTA TTAPOUCIACOVTAI
O€ ETTOPEVO £DAPIO.

Mérpnong pong peuoTou o< aywyoO KUKAIKAS OIaTroung

MNa TNV €0peon NG PONRG peuoTou gival ATTAPAITNTA N YVWon BACIKWY CGTOIXEIWY TOU
PEUCTOU OTTWG: ) N TTEPIEKTIKOTNTA TOU OE Eva UAIKA TTOU PTTOPED va eTTnpedcouv
TNV 0pBOTNTA TNG PETPNONG (OTEPEd cwuaTidla), B) av egival kaBapd, OPoyeVES Kal
VEUTWVEIO UYPO, Y) N TTPORBAEWINOTNTA TOU €idOUG TNG porG o oxéon Pe Tov aplBud
Reynolds, 8) av eival KaAwg kaBopliouévn n oxéon Tng TTieong, Bepuokpaciag, dykou
KalI TTUKVOTNTOG.

‘Ooov agopd Tn por] Ba TTpéTTel va e€eTaoTei: a) av epgaviel évav onuavTikd aTaBepo
pubuo, N évav mTou Oev Ba utrepPaivel TN dlaKUPAvon TNG POAG TTOU ETITPETTEI O
XPOVOG aTTOKPIONG TOU PETPNTIKOU CUCTHPATOG, B) n Uttapén A dnuioupyia divwy, Y)
av KaAUTITEl TTAfpWGS TN dIatodr] Tou aywyou Tov oTroio diappéel, ©) n Utapén
TTayideupévou aépa i avabupidoswy.

H pétpnon Tng pong Tou peucToU UTTOPEI va OPIOTEN WG: N PETPNON TNG TTOCATNTAG
TWV OUAAG KIVOUUEVWY OWPaTIdiwy, TTOU KAAUTITOUV Kol TTpocapudlovtal og évav
KAEIOTO aywyd dnUIoUPYWVTAG Jia adIGKOTIN POR, YIa £va XPoVIKO dIdoTnua Kivnong,
TTPOG TO XPOVIKO dIAoTNHa AuTo.

H por ytmopei va petpnBei o€ povadeg dykou 1 JACag wg TTPOG TO XPOVO.

1S1a1TEPOTNTA TNS METPNONS TTAPOXNS KAUTIIOU

‘H pnxavn Kivei 1o TAoio’. 2Tn @pdon auTh cuvoyileTal n euaioBnaoia TTou TTPETTEN va
OIETTEl TNV OTTOIAdATTOTE €TTEURAON OTO WNXAVOAOYIKO €EOTTAIOUG TNG Pnxavig. H
METPNON TNG POAG TOU KAUCIUOU, TTPOUTTOBETEI OTIG TTEPIOCOTEPES TWV TTEPITITWOEWV
eméupaocn oTo dikTUO TPOPOSOCIag KAUGIUOU TNG MNXAVAG, £yKABIOTWVTAG KATTOIO
METPNTIKO €VTOG aAUTOU 1} CUVOEOVTAG £Va PETPNTIKO WG ETTEKTAON (TTAPATTETACUA) TOU
OIKTUOU. TO yeyovog autd atrd PJOVO TOU PTTOPEI VO TTPOKOAETEI VEUPIKOTNTA OTOUG
18UvovTeG 6ooV a@opd Toug KIVOUVOUG atTd TuXOV aoToXia OTTwG dIappoES 1 @PAgIUo
NG PONAG. AKOUN éva TTPAKTIKO CATNUA gival n 10X0G TwWv OloPOpWY E€YYUROEWV
KATTOIWV TUNUATWY Tou €EOTTAICHOU TTOU TTEPIBAAAEI TN PNXavr o€ ouvapTnon KE TV
eméuPaon oT0 OIKTUO TTOPOXNAG Kal T OUVEPYOOia TOU WPETPNTIKOU ME TOV AoITTO
€EOTTAIONO. ATTO TNV GAAN TTAEUpd, n WETPNON TNG TTAPOXNAS EEWTEPIKA TOu DIKTUOU
TTAPOXNG Kauaigou, dnuioupyei ap@IBoAieg TTou oxeTiCovTal PE TIG TTAOPAPETPOUG TTOU
Oev gival eQIKTO va eAeyxBoUv pe atmoAuTn akpiBeia e§wTeEPIKG TNG pong. Ta ¢ntruaTa
auTtd emnpeddouv TNV OTTOIAOATIOTE OTTOQPACN YIO TNV ayopd €vOG WPETPNTIKOU
POOUETPOU KABIOTWVTAG TNV EKACTOTE €QAPUOYN YIa TNV OTToia TTPoopIeTal, TOV
KaBopIOTIKOTEPO TTAPAYOVTA YIA TNV TEAIKA ETTIAOYT).



1.2 Z0ykpion pe@OdwV péTpnong

2Tnv TTapouca JITTAWMATIKA gpyacia o1 uéBodol pETpnong Pong TTou TTapouaciadovral
gival KUpiwg EKEIVEG TTOU XPNOILOTIOIOUVTAI 1] €XOUV XPNOIUOTIOINBEI O€ VAUTINYIKEG
€QaPUOYEG. TlopakATW ava@épovTal  ETTIYPANPATIKA Ol KUPIOTEPEG  KATNYOPIES
METPNTIKWV.

Poouerpa aviyveuonc raxurnrac rnc ponc

2TV KaTtnyopia auTth yivetal o uTtoAoyiopdg Tng TaxuTnTag Tng Pong Kal Kar
ETTEKTAON TNG OYKOMETPIKNG TTapoxng (It/s). Ta peTpnTIKG TTOU AVIAKOUV O€ QUuTh TNV
Karnyopia gival Ta poduetpa utreprixwy (Ultrasonic flow meters) kai 1a podueTpa e
xpnon otpoBilou (Turbine flow meters).

Podusrpa uérpnong pubuou pong uyalac

Ta poOuETPa TNG KATNYOPIaG QUTAG, METPAvE atreubeiag Tn wdala Tou uypou TTou
OIEPXETAI OTTO ia CUYKEKPIYEVN TTEPIOXT TOU QYyWwYOoU OE GUYKEKPIPMEVO XPOVO TTPOG TO
Xpovo autd (Kg/s). Ze auth Tnv Kartnyopia avikouv Ta poouerpa Coriolis kai Ta
poodueTpa linear kai thermal mass.

Podusrpa OsTikoU eKTOTTIONATOC/OYKOU

Mpdkemal yia pnxavikd pooPEeTpa UE KIVOUPEva PEPN eVTOG TNG POAG. Baaifovtal oTn
METPNON TOU PETATOTTICOMEVOU GYKOU TOU peucToU atrd €va onueio NG dlaToung o€
OUYKEKPIUEVO XPOVIKO OIAcTNHa TTPOG To Xpovikd  didotnua autd (It/s). Kupidtepol
EKTTPOOWTTIOI TNG KaTnyopiog authg cival Ta oval gear flow meters, reciprocating
piston flow meters, kai nutating discs (wobble meters).

Podusrpa diapopikA< mison<

H pétpnon tng pong dev yiveTal atmmeuBeiag YeTpwvTag To pubud pong pacag i dykou
OTTWG OTIG TTPONYOUUEVEG KATNYOPIEG, AANG HEoW TNG PETPNONG AAAWY TTAPAUETPWY
OTTwG n dlagopd Trieong Tou avamTuooeTal PETAEU BUO BIOPOPETIKWV ONUEIWV TNG
pong uoTepa atrd emméuPacn oTn yewpeTpia NG diatoung. O1 ouvnBEoTEPEG CUOKEUEG
TTOU XPNOIKJOTToIoUVTal yIa TN PETPNON auTtou Tou TUTToU gival To didgpayua (orifice
plate) kai Ta potdueTpa (variable area meters-rotameters).

Poouesrpa Vortex

Ta podueTpa autd oTtnpifovial oTo @aivopevo von Karman (von Karman vortex
street), T0 o1moi0 TIPE TO GVOUG TOou aTTd TOV PINXAVIKO Kal £€€IdIKEUPEVO o€ CnTAMOTA
peuaTounxavikig, Theodore Von Karman kai 8a eEnynbei otn ouvéxeia. Ta podueTpa
TNG KATNyopiag authg JETPAvE TNV TTapoxr Oykou Tou peuaTou (It/s).

Mapakdtw Ttrapoucidlovral ol KUPIOTEPOI EKTTPOOWTTOI AT KABE KaTnyopia, evw
oivetal peyaAuTepn BapltnTa oTa POOUETPA TTOU XPNOIKOTIOIOUVTOl O€ VAUTTNYIKEG
EPAPUOYEG.


http://en.wikipedia.org/wiki/Variable_area_meter

Podusrpa Ymeprixwyv (Ultrasonic flow meters)

Ta poduETPa UTTEPAXWY KATNYOPIOTTOIOUVTAl avaAoya PE TV apxn AEIToupyia Toug o€

1. Poduetpa gaivouévou DOPPLER
2. Poouetpa xpévou diéAeuong (Transit time)

Poducsrpa gpaivouévou DOPPLER

H Baoik apxh Asimoupyiag XpNOIKOTTOIED TN METOATOTION OuXvOTNTAG (PaIVOUEVO
DOPPLER) &vOog nxntikoU Kupatog Otav autd aviavakAdTal amd alwpoupeva
owpartidia (particles) , oteped katdAoira (solids) 3 Quoalideg agpiou (gas bubbles)
Tou BpiokovTal o€ kivnon. TotroBeTeital TTAvw OTO CWAARvVA £vag TTOUTTOOEKTNG O
OTTOI0G EKTTEUTTEI £V CUVEXEG NXNTIKO KUPA TO OTTOI0 AVTAVAKAATAI OTT TIG KIVOUUEVEG
QOUVEXEIEG TOU PEUCTOU TTiIoWw oTo OEKTN. OTaV 01 AoUVEXEIEG BpioKovTal O€ Kivnon, N
OuUXvOTNTO TOU AVTAVAKAWMNEVOU KUMATOG €ival DIOPOPETIK aTrd TOU EKTTEUTTOVTOG. H
dlapopd auTr) Twv PETAdIOOPEVWY Kal TwV AAUBAVOUEVWY CUXVOTATWY Eival avaAoyn

TTPOG TNV TaxUTNTA TG PONG.

H mTapouca TexvoAoyia aTTaITel N GUYKEVTPWON TwV ocwWUaTIdiwy va gival TOUAGXIoToV

100ppm Kal To PEYEBOG TOuG peyaAuTepo amd 100um. H TeAeuTaia amaitnon To

_ KaBIoTa akaTAAANAO yia PETPNON TTAPOXNG

Transducer__— pe epyalduevo péoo Diesel kai HFO

7N (Heavy Fuel Oil). Zuvemrwg kpiveral

Reflectedwaves  qkATAAANAO yIa TN PETPNON PONS KAUTIiOU
~_TNG OTIOI0CONATTIOTE VAUTIKAG UNXAVNG.

Transmitted waves I.

_ Flow direction

—_—T

il

Dispersed particles

Flow direction

Zxnua 1.1 Apxn Asitoupyiag podpetpou aivopévou DOPPLER [1]

Pooduerpa xpovou diéAsuong (Transit time)

H apxn Asimoupyiag Baciletal oo 611 0 Xpdvog diEAeucng Tou NXNTIKOU KUPATOG OTNV
KatelBuvon TG PoNngG, €ival PIKPOTEPOG aTTO TO XPOvo dIEAEUONG OTAV QUTO KIVEITAI
avTiBeTa aT' auThv.

To ouotnua TrepIAapavel duo aiodnTpeg (A,B) o1 otToiol ToTTOBETOUVTAI KATA PAKOG
TOU aywyouU KAl 0€ OUYKEKPIYEVN aTTOOTACN PETAEU TOUG.
KdBe aioBntipag Asimoupyei  wg

Piézo A Tube A ! =
TTOUTTOG, OTEAVOVTAG NXNTIKO KUPO
LA dlauéoou Tou gpyadopevou PEoou
TOU aywyoUu Tpog TOov  dAAo
o aiobnTpa, aAAd Kol wg OEKTNG,

TTapalauBdavoviag TO  ORPa  TOu

Flow velocity v €TéPOU aIoONTAPA.

Medium:
Velocity of sound c Piézo B

2xAua 1.2 Apxn Asitoupyiag podpeTpou xpovou diEAsuong [2]



O xpovog 1Tou xpeldleTal 0 UTTEPNXOG Yia va Tagidéwel atmd Tov aicbntipa A otov B
(kaTd pnKog TNG pong) utroloyiletal atrd T oxéon:

D 1
sina (c+v-cosa)

A—>B

AvrtioToixa uttohoyiCeTal o Xpdvog atro Tov B otov A (avTiBeTa TG ponig) we:

D 1
sina (c—v-cosa)

B-—>A

H xpovikn diag@opd Twv U0 TTAANWY UTToAoyileTal WG:

T :V.TA—>B Tg_.a-SiN(22)

AT =T, Ao D

B—>A

AUOvVoVTaGg TNV TTAPATTAVW OXECN WG TTPOG TNV TaXUTNTA TNG PO Tou £pyalouEvou
METOU, EXOUME:

D TB—>A _TA—>B

V=
sin(2ar) TooaTass

NvwpiCovtag Tn péon TaxuTnTa TG PONS V, UTTOAOYIZETAI N TTAPOXH OYKOU VIO aywyo
KUKAIKAG dIaTOUNG aTTo Tn oX£oN:

2
=VvV-A=Vv-1r-—
g 4

Ta podueTpa autoU Tou TUTTOU Xwpifovtal og dUO UTTOKATNYOpieG avaloya HPE TO
€ido¢ Twv aIoBNTApWV TTOU XpnolgoTtrololvTal. H TTpwTtn €mAoy cuviotatal o€
MOVIUN €yKaTAOTOON, ME TOUG aIoONTAPEG evowpaTtwuévous (wetted transducers-
oxAda 1.3) o€ TPAPA CWAAVWONG, TO OTToi0 ToTToBETEITAI PE PAAVT(EG OE KATTOIO
onueio Tng Tmapoxng. H deltepn emAoynh, a@opd aioBntApeg TTou TOTTOBETOUVTAI
eEwTePIKA TNG pong (clamp-on transducers-oxAua 1.4) kaBioTwvTtag 10 oUCTHUA
@opnTo.

— Transducer B — - .
Flanged F /f% F Flanged Tmmd}mel
End " *= End Fluid Expansion
, i 4 : I." Chamber
V——>1 78y AT yﬁxv
\‘/ /j__[_.r_-}'fc‘)up]jng Fluid = — j//
. % E Pipe Wall - AN
- < Transducer A - Process
2xAua 1.3 ZuvdeopuoAoyia podUETPOU 2xAua 1.4 Zuvdeopohoyia gopnTou
Xpovou diéAsuong [3] POOUETPOU XpOvou diEAeuong [3]



[NEONEKTHMATA

> [lpokerrar yia 1n Aiydtepo mapeufBarikny pé6odo uérpnong tng pong, ueE EUKoAia

oTnV Eykar@doTacn, XAUnAG KOOTOC Kal XwEIC KIVOUUeva LEPN. 2€ TTOAEC
TTEPITITWOEIC duvaral va yivel avTIKart@doTaon Twv aioénthnpwv xwpic dlakorn
¢ pOor|g.

Ta poduetpa utteprxwv ue eEWTELIKOUC aiabninpes (clamp-on) amroreAolv 1o
HovadIké @opnTd oUCTNUA TNS ayopds TwV opyavwy LETPNONS TNS PONAS, UE
undevikn apéuBacn oro dikTuo Tapoxns. Q¢ amoréAsoua, mapéxouy sueAiéia
w¢ TPOC TO Onueio 1oTo6ETNONS TOUS, evw Kabioravrar 16avika yia 1n
oiayvwaon BAaBwv oro ouvoAo Tou SIKTUOU TTapoxnis. Emiong pe thv ayopd
EVOC 1) QUO WETPNTIKWY UTTOPEI va vivel un tautéxpovn LUETpNon TNS TTAPoXHS
TOU OUVOAOU TWV UNxavwy Kai Twv VTICEAOKIVATAPWY EVOC TTAoIOU.

EUkoAn ouvripnon, Xwpic va emTacosral ava TaKTd XpoviKa diaoThiuara.

Mia mBavn BAGBn Tou opyavou urmopei va diayvwaoTtei eUkoAa arr’ 1o idio 10
POOLETPO e BAan TNV ICXU Kai TNV TTOIOTNTA TOU OHUATOC (QuTOdIdYVWan).

MEIONEKTHMATA

» To OQaAUa Twv POOUETPWV UTTEPHXWV gival LEYAAUTEPO OUYKPITIKA UE GAAEC

pebddoug pérpnong 1S pong, g Taéews ToU 1% Kal TTOAESC QOPES
UEYAAUTEPO TOU 2% YyIa Ta QopNTa POOUETPA LE AIOONTAPES EEWTEPIKA THG
Tapoxn¢ (clamp-on).

Ta popnTd POOUETPA UTTELHXWYV EXOUV OXETIKA UWNAO KOOTOC O€ TUYKPION LIE
TTEPIOTOTELO CULPBATIKA POOUETOQ.

Tiverar uérpnon NS PORS OYKOU TOU PEUCTOU KAl CUVETTWS YIA TN LIETATOOTTH
¢ o€ pon ualag amaiteitar n yvwon 1ng mukvotnTag Kai 1n¢ Bgpuokpaaciac
TOU peuaTol. Autd BeBaiwg UTTopei va mITeEUXOEi e TNV aITOKTNON TTPOOBETOU
eéotrAiouoU mou ouws aveBadler kard oAU TO apxIKO KOOTOC.

Ooov agopd ta @opntd pPoOuETPa, UTTApxel armaitnon yia &uBU UARKOS
owAnvwonc avavin Kai Karavin Tou aioénthipa Ttou opydvou wdaTE va &givai
olauoppwEévn n PO OTo onugio NS pETPNONS. AKOUN TO ETPNTIKO
TTPOTEIVETAI va TOTTOBETEITAI TE avN@OPIKO TUAUA CwWARvVa Kal Utrd ywvia yia
TNV £€a0QAAION TNC TTANPOUC KAAUWNS TOU OYKOU TOU CWARVA TTAPOXNAS LUE TO
UETPOUUEVO PEUATO.

Mérpnon ponc ue Aiappayua (orifice plate)

Katé 1n péBodo auth, TotrobeTeital yéoa otn pon dia otévwaon KUAIVOPIKAG SIOTOUAG,
TOKTWHEVN QAATCWTA, PE TOV aywyo Tng Trapoxns. H Ttrapoucia Tng otévwong

Q

onuIoupyei diapopd oTn OTATIKA Trieon

pressure taps avAavTn Kal Katavtn Tng porg, apioTepd

‘ Kal Og€Id Tou dIaPPAYMATOG avTioToIXA

B )P, (oxAua 1.5). Me Tt PorBeia evdg

- 38 Y. - opydvou pETPNONG TNG  dIAPOPIKNG
— i) B et Treong Aappo 3

=T D , NG AauBavovTal ol TTECEIG, P1 KAl P2

3 T4 2 P , QVAvVTn Kal KAtavin Tng pong Kai

15 ) yivetal o uttoAoyiopdg TG dIa@opIKAG
Meong Ap=p;- p,.
Orifice Meter Parameters

2xAua 1.5 Apxn Acitoupyiag peTpnTikoU dia@pdayuaTtog [4]
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H mmapoxn pafag gm uttoAoyileTal XpnOIMOTIOILVTAG TNV £&icwon;:

ay = Ls%dz 20pp

1- B

Omou  C: adidoTatog CUVTEAEDTHG EKTOVWONG
d: n dIGPETPOG TNG OTEVWONG TOU dIaPPAYHATOG
D: n ecwTtepikn DIAPETPOG TOU CWARVA TTAPOXNG
B: Adyog diapéTpwy (B=d/D)
€. adIAoTaTOG CUVTEAEOTAG DIOOTOAIKOTNTOG
Ap: n Sl0QOPIKN) TTiECN
p: N TTUKVOTNTA TOU PEUGTOU

OTTWG TTEPIYpd@ovTal aTo TTPOTUTTO oXediaong, ISO 5167 [20].

O ouvreAeotng C, e€aptdral o’ 1OV apiBud Reynolds, o otoio¢ ye Tn oe€ipd Tou
eCapTdTal At TNV TTAPOXH MALOG Om KAl CUVETTWG AAUPBAVETAI HEOW ETTAVOANTITIKAG

d1adikaaoiag.

[IN\EONEKTHMATA

>

lpokerrar yia 10 QONVOTEPO POOUETPO TOU OUVOAOU QUTWV TTOU
mapepuBaAAovTal aTn pon, LIE OXETIKG UIKPO KOOTOS yKATdoTacng, |E TO
UEYAAUTEPO TTOOOOTO TOU KOOTOUGC Vva OQEAETal OTO  LETPNTIKO
OIaQOPIKAC TTIEONC, TO OTTOI0 TUVOEETAI EEWTEPIKA TNS PONS.

To o1dppayua éxel ueydAn avBekTikoTnTa Kai givar dUOKoAo va @Bapei
N va Karaotpagei avaAdyw e T0 UAIKO KATAOKEUNS TOU.

EmimmAéov, 1O Opyavo uérpnonc tng OIAQOPIKAC TTiECNS UTTOPEI va
avrikaraoTaBei ue kAmoio GAAo  ueyaAlrepns akpifeiag, xwpic va
arraiteitar aAAayry rou nén ummdpyovrog dIapPAayLaTrog.

H pébodoc¢ uérpnang tng ponc e SIAQPAyUa XPNOIUOTTOIEITAl €0W Kal
TTOAEC OEKQETIEC lIE QTTOTEAEOUA va UTTApXEl TTAHPNS yvwon yia tnv
KataAAnAdrepn emmiAoyn Slappdyuaroc avaAdyws ue THV €Qaployh.
Emmpocbétwg givar duvarn n mANpng moooTIKOTToiNon 10U OPAAuaTog
¢ péETpnong orav n oxediaon tou OlappPAyuaros akoAouBei moTd
Karrolo mpoTutTo oxediaong (m.x. 1SO 5167).

MEIONEKTHMATA

>

To o@dAua tng uétpnong eivar oxeTik@ peydAo, tng taéews tou 1%
EVW TTPETTEI VA OUVUTTOAOYIOTEI KAl TO OQAAUQ LETPNONS TOU UETPNTIKOU
O1apopIKNS mieons (tng tadéewg Tou 0,1%).

Eivar amapaitntn n yvwon ¢ mukvotnTag kai tou 1EWO0oUS Tou
PEUCTOU OTIC OUVONKES AsiToupyiag.

H aélomoria tng péTpnong UEIWVETal UE TH @OOPG Twv XEIAWV Tou
Sdlappayuarog, Orav givali KATaoKEUQOUEVO aTTO Un avBEKTIKO UAIKO,
kabwg kai ue 11¢ didpopes mikabiosis Tou dnuioupyouvral.
MNaparnpeitar  ueydAn mrwon mieong karavin Tou O1a@PAyLaroc
YEYOVOC TTOU UTTOPET va 0ONYNOEl OE EVEPYEIQKES ATTWAEIES.

Xpeialerar ouvripnon, evw TPETTEI va EAEyxovTal oUXVA Ta owAnvakia
TTOU XPnoIUoTTOIoUVTal QVvAavTn Kai Kardvin tou O1a@pdyuaros yia n
uérpnon tn¢ mieong. AKOUN yia TNV aQvriKaraoraon tou Ola@payuaroc
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TTPETTEI va OIAKOTTEI N PON KAl va OIaVOIXTEI TOTTIKA N OwARvwaon NS

TAPOXNS.
» Amaiteitar éva eAGxI0To UAKOS €UuBU CwARvVa avavrn Kai Karavrn tou

olappayuarog.

Poouerpa Coriolis

Me 1a poduerpa Coriolis yivetal €QIKTOG 0 aTTeuBeiag uTTOAOYIGHOG TNG ponG MAlag
TOU PEUCTOU evw n METPNON eival averrnpéaoTtn atmd TIG OUVOAKEG Trieong Kai
BepuoKpaoiag, TO IEWOEG Kal TNV TTUKVOTNTA TOU. TO POOUETPO TTAPEUPAAAETAI O€
KATTOIO ONMEIO TNG TTAPOXNG. TNV O ATTAR KATOOKEUN TOU, TO €PYalOUEVO UECO
OIEpYETal aTTd £vav aywyo TToU UTTOKEITAI O€ £gavaykaopévn TaAdvTtwaorn. H pory Tou
pPEUCTOU €TTNPEACEl TNV TOAAVTWON TOU OYWYOU YEYOVOG TTOU EKUETAAANEUETAI N
TEXVOAOYia auTh yia Tov UTTOAOYIONS TNG pong MACag Kal TG TTUKVOTNTAG.

O aywyog TaAQVTWVETAI OTNV IBIOCUXVOTNTA TOU MPECW EVOG NAEKTPOUAYVNTIKOU
ouoThuaTog diyepong (duvaun Fe). Akéun duo aiobnmpeg (pickoff sensors, s1 ,S2)
Bpiokovtal ToTrToBeTNUEVOI TTAVW OTOV aywyod aTnv €icodo Tng pong (inlet, s1) kal aTnV
£€€000 TnNGg pong (outlet, s;) apioTepd Kkal degid TOoU onueiou dlEyepons. H apxn
Aeiroupyiag BaaoiCetar otn duvaun Coriolis n otroia ep@avifeTal o€ TTEPICTPEPOPEVA
kal Tahavrteuoueva ocuaTruarta. Otav dev uttdpxel porp péoa oTov aywyod (OXAMa
1.6a) n d&uvaun Coriolis eivar pundevik (F.=0), avmBétwg, pe 1N Oi€Asuon Tou

PEUOTOU Péoa OTOV QYwYO eival pn pndevikA pe pérpo F.=2mve 61Tou m n pada tou

PEUCTOU, W N YWVIAKR Tax0TnTa Kal v N péon taxutnTa TnG PONAG. ZTNnV €i00do Tng
porg¢ n duvaun Coriolis Teivel va empBpaduvel TRV TAAAVTWON TOU aywyou evwy oTnV
£€0d0 va Tnv emrtayxuvel (oxAua 1.6b).

a)

b)

F.
>xAua 1.6 Auvaun Coriolis o€ TrepIoTPE@OPEVA Kal TAAavTEUSPEVA CUOTHPATA [3]

Q¢ atoTéAeopa TTPOKAAEITAI CUCTPOP TOU aywyoU n oTroia PETaPPAZeTal WG
d1apopd @acng oToug dUO aIoONTAPES S1 KAl Sz (OxAPa 1.7¢). Autr n diagopd aong
gival avaioyn Tng pong pacag.
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(©)

2xAua 1.7 Apxn Asitoupyiag poodperpou Coriolis [3]

ETtriong kabwg 10 cUaTNUa TAAAVTWVETAI OTAV I8I0CUXVOTNTA TOU aywyou, avaAdywg
ME TNV TTUKVOTNTO TOU PEUCTOU, N ouxvoetnTa TOAAvTwong aAA&lel (MEIDVETAI ME
augnon g TTUKVOTNTAG Tou peuaTol). 'ETo1 yvwpifovTag Tn ouxvotnTa auTr) UTTOPEi
va UTToAoyIOTE atTeuBeiag n TTUKvOTNTA TOU PEUCTOU.

[IN\EONEKTHMATA

>

>

To ueyaAurepo mAeovékTnua Twv podusTpwy Coriolis givar n duvardrnra Tou
arreuBeiag urroAoyiouou tng pong uadag (Kgls).

H pérpnon ¢ pong uadag emiruyxaverar ye moAU Uikpd aoedAua tng taéewc
Tou 0,1% xwpic autd va emnpealerar amr’ 11 Bepuokpacia Tou gpyalouevou
uéoou yia eupog Bepuokpaciwv -50° C éwg +200°C  kai ueydAo €0pog
TTIECEWV.

Auvarornra uérpnong ueydAou eUpouc Tapoxwyv. Aovarai va  KaAUwel
UETPNOEIS TTOAU LIKpWV TTapoxwyv, éws kKal 100 @QOpEC WIKPOTEPES aTTd TN
uéyiotn mpoodiopioBeioa mapoxn.

H apxn Asiroupyiac eivar aveédprntn amrd 10 mMPOPiA TNC PONS XWPIC TUVETTWS
va xpeialetar kdmoio diarnpnth s pong (flow conditioner) n kdmoio €uBU
TUAKA CWARVWONS avavin i Karavrn autig.

Ta poouesrpa Coriolis dev mepiAauBdvouv Kivouueva uépn eviog NS PONAS
oIaTNPWVTAS TO KOOTOS TUVTHPNONGS OE XaUNAG eTTiTeda.

lMapéxouv tn duvardrnTa LETPNONS TNS BEPUOKPATIAc Kal TNS TTUKVOTNTAS TOU
PeUCTOU evw Bacel TnS TeAcutaiag ummopei va e€axBei kai n oykorrapoxn (It/s).

MEIONEKTHMATA

>

Orav 10 peTPNTIKO TTPOOPICETAI YIa TN UETPNON TNS PONS TOU KATavaAwOEVTOS
kauagiuou kivntipa Diesel, 10 apxiké kdéoto¢ eivar idiaitepa uwnAdé av
ouvuTTOAOYIOElI KAVEIC OTI OTNV TTASIoWn@ia Twv TTEPITTTWOEWY, AaTTaITETal N
T01IT064TNON dUO pPOOUETPWY, éva OTn ypauun tpopodoaias (supply) kai éva
aTn ypauun tng emaoTpo@nc (return) Tou akauorou Diesel.
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» H pon rou peuarou SiEpxeTal amTd TOUS aywyoug TOU POOUETPOU, OUVETTWS Mia
BAGBn evro¢ Tou podustpou (T Olappon) Ba emTnNPEACEl APVNTIKA TN
Agitoupyia tn¢ unxavig.

Poousrpa Vortex

H apxn Acimoupyiag Twv poduetpwy Vortex otnpifetal 010 Qaivopevo von Karman.
2UPQWVA PE TO QOIVOPEVO auTO, 6TV  TTAPEUPAAAETAI  €va €UTTOBIO OTN por) evog
pEUCTOU, TOTE YyiveTal JIAXWPICUOG TNG pPONG Kal  dnuioupyoluvtal  TTEPIOXEG
O1aOPETIKNG OIOPOPIKAG TTiEONG KATAVTN auTG. AUTO €XEl WG ATTOTEAECUA TN
onuioupyia divwv katavtn g pong. O von Karman mapartfipnoe o1 n amooTtaon (1)
METOEU Twv dIvWV gival oTaBep Kal avegdaptnTn At TNV TaXUTNTO TNG PONG (V).
AvtiBeta n mpokUTTouca cuxvotnta (f) Twv divwv eivar euBéwg avdioyn Tng
TaxUTNTOG TNG PONG.

ZxAua 1.8 Apxn Acitoupyiag poouetrpou Vortex [3]

Mapakdrtw divetal N oxéon TNG ouxvoTNTOG KE TNV TaxUTNTA TNG POAG.

fost.
d

OTtrou  d: 10 TTAGTOG TOU EPTTOBIOU
St: 0 adidoTaTog apiBudg Struhal o oTToi0g OXETICETAI PE TIG DIACTACEIG
Tou guTTodiou Kl TTaipvel oTABEP TIUNA VIO CUYKEKPIKMEVO EUPOG
TIJWv Reynolds

H oykotrapoxr TG pong uttoAoyidetal atm’ Tn oxéon:

Q =V-A

Ta podueTpa autd TOTTOBETOUVTAI EVTOG TNG TTAPOXNAGS. ATToTEAOUVTAI ATTO évav aywyo
dlapécou Tou oTroiou OIEpxeETal TO PEUOTO. Evidg TOU aywyoUu autou PpiokeTal
TOTTOBETNHEVO TO EUTTOSIO (TPATTECOEIBOUG HOPPRG) YIa TN dNPIOUPYIO TOU QAIVOUEVOU
von Karman. H yétpnon mng ouxvoTtnTag Twv dIVWV ETTITUYXAVETAI JE TNV TOTTOBETNON
€vOG MECONAEKTPIKOU aioBNTHApa TTieong TTAvw atrd TO EUTTODIO TOU POOUETPOU OTTOU
AapBavovtal o1 uynAég Kal XaunAég SIaKUPAvoelg TnG Trieong Kal TG TaxuTnTag,
KaBwg ol diveg atrouyakpuvovTal atmd auTo.
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Leadwires

Piezoelectric

Pipe Line (body)
Sensor Element

* Vortex

Direction of Flow shedder

o @

ZxAua 1.9 Zxnuatikh ameikévion pooueTpou Vortex [5]

[IN\EONEKTHMATA

>

>

H pérpnon eivar aveéaprnin tng emidpaonc 1mc¢ Oepuokpaciag, Tieonc,
TUKVOTNTAC KABW¢ Kai Tou 1IEWA0UC Tou pyalOuEVoU UéTou.

Exouv oxeTikG@ xaunAd KOOTOS TO OTTOIO LEIWVETAI TTEQAITEQW YIA OWANVES
HIKPRS diarounc.

» Ikavorrointik6 o@aAua uétpnong tng taéewg tou 0,5 éwg 1% Kai ypauuikotnTa
Xwpic tnv amaitnon Babuovdéunong.
»  XaunAd K6oTo¢ ouvTipnong xPNOILOTTOIWVTAS ATTAQ KaI EUKOAWS TpooLdoiua
avTaAAaKTIKG pépn Kai TToAU ammAn eykaraoraon.
MEIONEKTHMATA
» Ta poouctpa Vortex eueaviCouv aduvauia orn pETPNCON TTOAU xaunAwv

>

mapoxwv. AéiCel va onueiwBei OT peiwveral n aélomorTia NS PETpnong yia
UiIKpoU¢ apiBuouc Reynolds (<20000).

H apxn Asitoupyiag mpodmobérer éva mARPwS SIaUopPWUEVO TTPOPIA PONS TN
aTiyun g SIEAEUCNS TOU PEUCTOU QTT’ TO POOUETPO. 2UVETTWCS QrTaiteiTal éva
EUBU TUNUa CwARVwWOonNg 1600 avavrn Tou UETPNTIKOU 000 Kai Karavrn. Autd
onuioupyei dUoKoAiec oTnv eykardoracrn Tou KaBooov O XwWPOS Kal n
oIaubpPwWon TwWv CwWANVWOoewy gival mAHpwS kaBopiouéva kard 1n oxediaon
TOU UnNXavoaTaagiou.

lNpokaAei ueyaAn mrwon mieons Karavrn g POoNg.

Poduerpa OsTikoU eKTOTTiONATOS

Ta poduetpa autoU Tou TUTTOU TTAPEUPAAAOvVTAl OE KATTOI0O OnuEio TNG POAS A
ToTroBeTOUVTAI 0€ KATTOIO TTPOEKTACN (bypass) autig yia Tn Slac@AAion HEYaAUTEPNG
ao@AaAeiag Tou BIKTUOU TTapoxns. Kabe podueTpo BETIKOU EKTOTTIOUATOG QTTOTEAEITAI
a1ré Tpia Bacika pépn. ‘Eva eEwtepikd KEAUQOG i} AAANIWG TO CWHA TOU POOPETPOU, TO
Kivoupeva pépn (ypavadia, oTpofidol) evidg Tou KEAUPOUG Kal £va agoviKO oUoThUO
odnynong.
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Podusrpa ofdA ypavaliwv (Oval Gear)

To poduetpo atroteAeital atrd duo oRAA ypavdadia (oxfpa 1.10) Ta otroia o@payiouv
TNV €icodo (avavin) ammod Tnv £€0d0 (KatavTn) TNG Porng dnUIoUPYWVTAS CUVORKES
dla@opIKNAG TTiEoNS KATA TNV €i00d0 TOU peuaToU.

H Omapén odiapopikAg Tieong efavaykalel Ta ypavadia o€ Kivnon Ta oTroia
ToTTOBETOUVTaI PETA OTTO TTEPIOTPOPR OTn Béon 2. Z1n Béon auti 1O PEUCTO
€I0épXETAI oTOV BUAOKA TTOU dNIOUPYEITAl HETAEU TOU TOIXWHATOG KAl TOU ypavadiou
B avavtn g pong evw Tnv
idla oTIyun atmeAeuBepwveTal
TTooOTNTA icou Oykou aTr
Tov OUAoka peTagU  TOU
TOIXWHATOG Kal TOU
ypavadiou A.

ZxAua 1.10 Apxn Asitoupyiag pooduerpou Oval Gear [6]

Tnv idla oTiyun n Tieon avavtn Tng Pong TTou dnuioupyeital atrd TV €i00do vEag
TTOOOTNTAG PEUCTOU OTO POOMETPO, odnyei Ta ypavalla ot €K VEOU TTEPIOTPOYPN
odnywvTtag Ta otn 6éon 3. £1n B£on auTth, pia TTpokaBopiouévn TTOCOTNTA TOU UypoU
EXEI TTANI yepioel TRV KOIANOTATA PETAEU Tou ypavadiou B kal TOu £§wTePIKOU KEAUPOUG,
N otroia oTnV €TTOPEVN PACT aTTeAeuBepwveTal KATAVTN TNG pong. H diadikacia auTn
emavalapBaveral TE0OGEPIG POPES (YEMIOMAO- adelaopa K&Be BUAaka). H Taxutnta Tng
PONG KAl KATG CUVETTEIO I OYKOUETPIKA TTAPOXH MTTOPEI va UTTOAOYIOTE OvTag avaAoyn
TNG TTEPIOTPOPIKAG TaXUTNTAG TWV ypavadiwv. Méow aiobntipa TOTTOBETNUEVOU
EEWTEPIKA TOU POOUETPOU I TTEPICTPOYPIKA Kivnon MHETAOXNMATICETAI O€ NAEKTPIKO
oAua.

[MN\EONEKTHMATA

» Ta poduestpa OerikoU eKTOTTiOUATOS TTaAPOUCIGlouv TTOAU XxaunAdé oeaAua
pérpnong g taéewg tou 0,1-0,6% evw kaAomrouv Kkai ugyaAo €0poOg
TTAPOX WV XWPIC EKTTTWOTEIC OTNV aKpifBeia.

»  2XETIKG UIKPO apXIKO KOOTOC.

»  KaraAauBavouv uikpd xwpo, evw Ogv armaireital n omapén diarnpntn pons n
EIOIKN BIaUOPPWON THS YEWUETPIASC TOU OIKTUOU TTAPOXNS avavrn Kal Karavrn
NS pong. EmimmAéov emrnpeadovral eAdxiota amo 10 1IEWOES TOU PEUCTOU.

» Eivar amAd otnv Karaokeun TOUS Kal ) OUVTHPNON TOUS WTTOPEl va vyivel
eukoAa amd un €€eiGIKEUUEVO  TTPOOWITIKO UE  XpNon ouvnbiouévou
eéotAiouod.

MEIONEKTHMATA

» Ta podustpa aQutrd UTTOopEl va TPOKAAéoouv TTaAuoUuS otn pon evw Eivai
eKTEOEIUéva o€ amoToues auéoueiwaels TNG pong. Emiong mbavr ¢nuia mou 6a
OTaQUATACEl TNV TTEPICTPOPH TWV KIVOUUEVWY LEPWY UTTOPEI va TTPOKAAEDE!
@pagiuo g pong.

» Xpeiddovral ouvinpnon o€ TAKTG XPOVIKG OlaoThuara kabws n @bopd twv
KIVOUUEVWY LEPWYV EVIOS TNG PONS TTPOKAAEI TO UEYAAUTELPO TTOCOOTO TOU
OQAAuaTog TN LETpnong 1o orroio auédveral o€ oAU ueydAo BaBud uera 1o
mépag NS didpkeiac {wng Toug.
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Podusrpa ue xprion arpoBidou (turbine flow meter)

Ta podueTpa Ue Xprion oTpoRiAou XpNCIUOTTOIOUV TN UNXAVIKF EVEPYEIQ TTOU ATTAYETAI
atd évav oTpofINo (podTopa) 6Tav autdg BpiokeTal TOTTOBETNUEVOS €VTOG TNG PONG
evog peuaTtou. Ta Trrepulyia Tou oTpofilou Bpiokovtal TOTTOBETNUEVA UTTO KATAGAANAN
ywvia yia Tov JETOOXNMOTIOPS TNG EVEPYEIOG TOU PEUCTOU OE TTEPIOTPOPIKI) EVEPYEIQ.
H Taxutnta mepIoTPOPAg Tou pATopa QUEAVETAl YPAMMIKA PE TNV augénon Tng PONg
Tou peuaTou. MNvwpifovTag TRV TaxUTNTa TOU PEUCTOU KabioTaTal EUKOAQ UTTOAOYICIUN
KAl N OYKOMETPIKN TTOPOXN TNG POAG YVWPICOVTAG TN YEWMETPIO TNG SIATOMNSG TNG
OWARVWOoNG.

2T0 €EWTEPIKO KEAUQYOG TOU POOUETPOU TOTTOBETEITAI évag  NAEKTPOMAYVNTIKOG
aiobnmipag  (pickoff sensor), o0 oOTOIOG COPWVEI TNV Kivnon Twv TITEPUYIWV
Counter/Motion sensor TTapdyovTag NAEKTPIKOUG

TTaAPoUG. H ouxvoTtnTa TTou

P / Rotor support Aaupavetal ato TOV

aicbntpa gival avaloyn Tng

RRENRENNY _ﬁ SRR Taxutntag TnG pong. Acicel

va onueiwBei 0TI KABe
NAEKTPIKOG  TTOAMOG  gival
avaAoyog  HIOG  OPIAKAG
augnong Tng TTapoxng dykou
TOU peuaToU.

Flow direction _ -—*f-":‘.:-'-:_'

Turbine

2xAua 1.11 Apxn Asitoupyiag pooduEeTpou Pe xpron oTpoBilou [7]

[IN\EONEKTHMATA

» [lMapouoidlouv IkavorroinTikn akpiBeia g 1@éews tou 0,25-0,6% evw e
Babuovounon ToU OPYyAvou OTO €UPOS TWV AVAUEVOUEVWVY TTAPOXWY THG
spappoyneg, umopei va @Bdosl kai 1o 0,1%. (H ouvibng akpiBeia Twv
UETPNOEWV TOU opydvou oOrav xpnoiuorroisitar yia  custody transfer eivai
0,15%, iowg Kai Tapakdrw).

» EykaBioravrar ywpic 1diaitepn duokodia, evw karadauBdvouv UIKPO XwWpEO
avaAoyiKa e 10 uéyebog 1N owANVwong.

» To pOOUETPO UTTOPET va AEITOUPYNOTEI XWPIC EKTTITWOEIC OTNV aéloTmiaTia Twv
HETPNOEWV TOU KATW UTTO OTTOIEOONTTOTE CUVONKES TTiEoNS Kai Bgpokpaaiag.

MEIONEKTHMATA

» Ta v emiteuén ¢ péyiotne amédoons Tou POOGUETPOU arraiteital, Kar’
eAdyioTov, euBU unkog owAnvwaong unkous 10 QopES N eOWTEPIKN OIALIETPOC,
avavrn ToU POOUETPOU Kal & QOpES N EOWTEPIKN JIGUETPOS, KATAVT.

» Xpeidletar ouvinpnon TouAdyioTov uia @opd 10 XPOvo n orroia amaitei
oTpayyion Twv OwANVWOEWYV Qavavin Kal KATavin ToU POOUETPOU Kai
kKaBapioud Tou OTpoBilou. AKOun Kara Tnv emavarormobétnon xpeialerai
ueyaAn akpifeia kabwg 1O ormoiodnmore AdBo¢ emidpd apvnrikd@ oTnv
adIoTTIOTIa TWV UETPNOEWV.

» Exouv uwnAdé kOOTOC OTO OTTOIO TTPETTEI VA OUVUTTOAOYIOTEI KAl TO KOOTOC
ouvTpnong.

» Amaireital o€ TTOAEC mepiTTwaoeiS N TO0TTOGETNON  QiATpou avdvin Tou
POOUETOOU yIa TTAPOXEC PEUCTWYV HEydAou 1EWOOUC 1 OUYKEVTPWONS
akabapaiwv.
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2Tnv €mouevn oeAida TTapoucidleTal évag OUVOTITIKOG TTivaKag TTapouciaong Twv
KUPIOTEPWY POOBUETPWY KABE KATNYOPIAg, HE TA KUPIOTEPA XAPAKTNPIOTIKA TOUG KAl
TOUG BaCIKOTEPOUG TTEPIOPICHOUG TOUG.

Table 3.1. Flowmeter selection summary tables

1 2 3 4 5 [ 7 8 9 10 11 12
Flowmeter Liquid Other Typical Dia.* Temp. Flow Range” Pressure Sensitivity to Initial
type or Gas Slurry Two-Phase Accuracy Turndown” Range (mm) Range (‘C) (m*/h (kgh)] Loss Installation® Cost Notes
M oxmentam™
Orifice L X H i 5:1 50-1,000 1= = 10° H H/M LiM  Concentric 150 orifice
G b 5.1 501,000 104 = 108 with differential pressure
cell assumed
Venturi L * * Ll 51 501,200 30-7,000 M M M/H
G e 5:1 50-1,200 400-10%
Nozzles L T * " Si1 S0-630 2-1.7 = 10* HiM M Does not include critical
G b 5:1 50-630 20-2.5 = 10% nozzle,
Variable-area L X X o1 15=150 200 to 350 1074-100 M L/M L Glass/plastic assumed;
G 01 15-150 107%-2,000 higher ratings for steel.
Other L ? ? ¥ 3 13-1,200 HIM M/H  Consult manufacturers.
Venturi-like G 31 13-1,200
Awvaraging L X X i 10:1 25-12,000 up to 450 10-3 = 10* L H L
pitots G 10:1 25-1Z,000 100 lo 450 200-6 = 10°
Laminar G X X ? 201 ? up to 120 H L M Particularly appropriate
for pulsating flows.
Volume
Positive L xb X i 10:1 4-200 500 290 0.01-2,000 H/M L H/M  Turndown given may be
displacement G R an:1 —40tp A5  0.01-1,200 achieved for rotary positive
displacement gas mater.
Turbine L X X b 11 5600 —265 to 310 0.03-7000 M H L/M  High precision instruments
[ o a1 25-600 =10 to 50 0.01-25,000 assumed rather than
waler meters, elc,
Vartex L X X b 20:1 12-200 —200 to 400 3-2,000 HimM HIM LM Fluidic flowmeter suitable for
G b 20:1 12-200 50-10* wide range of utility lows.
Electromagnetic L - i - 100:1 2-3,000 —50 top 190 10~*=10° L M M Only available commercially
for conducting liquids.
Transit-time L el il - 2001 10-2,000  —200to 260 3-10° L HiM M/H  Single beam are more
s sensitive io installation.
G b a1 20-1,000 =50 ta 260 0.04-10° HiM M/H  Correlation and doppler
for two-phase lows.
Mass
Multisensor L i war ? T T H H H
Wheatstone L X X e 5001 66 —161t0 150 (0.05-2.3 =< 10%) ? L H Specialist instrument
bridge especially for engine
testing.
Thermal L X X . 15:1 2-6 0to65  (0.002-100) M LICTMF) M Higher flows require CTFM
G * 5001 B-200 —E0 1o 300 (2 x 107*-8000) LM M/H[ITMF} with bypass or ITMF.
Angular mom. L X X - 71 20-50 —40t0 150 (100-4.5 = 10°) M M Particularly suitable
for aircraft fuel fow.
Coriolis L * X b 100:1 6200 =240 10 200 (1-7 x 10%) M/L L Straight single tube has
I - essentially zero pressure

Key: ***, Very high;_*“ More suitable/high; *, Suitable/medium; ¥/blank, Uncertain/lower; X, Unsuitable. L = Low; M = Medium; H=High.

drop. Gas ranges are
probably more limited.

“ Some proprietary devices offer special features: higher differential pressure, linear characteristics.

b Same designs have been produced for slurries.

¢ Multisensor systems have been developed specially for multiphase.
9 Typical estimates that may be exceeded by using smart transducers and may be greater or less than the value attained by some designs.

¢ Larger or smaller sizes may be available.

f Other ranges may be available.
£ Flow conditioning may be used in some applications to reduce this effect.

>xAua 1.12 ZuvoTITIKOG TTiVAKAG OUYKPIONG POOUETPWY [5]

1.3 'Epeguva Ayopdg

H 1rapouca JITTAWMPATIKA €pyacia TTPOCAVATOAIOTNKE OTNV ayopd evog @opntou
OUCTAPOTOG METPNONG TNG POoNg, Adyw Tng duvatdtnTag EVOWMATWONRS TOu OTn
@opnTA Hovada PETPNONG aEPiWY PUTTWV Kal I0XUOG VAUTIKWY KIvNTAPwY Tou ENM.

JUVETTWG N QOPNTOTNTA TOU PETPNTIKOU ATTOTEAECE TN CNUAVTIKOTEPN TTAPANETPO Yia
TNV €1MAOYA.

To povadiké @opnTd O6pyavo PETPNONG TG PONRG OTnNV ayopd tival TG TexvVoAoyiag
METPNONG PONG PE UTTEPAXOUG KAl CUYKEKPIUEVA TNG KOTNYOPIAG YETPNTIKWY XpOvou
diéAeuong.
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H £peuva ayopdg, £yIve e yvwPova TNV IKAVOTTOINON Twv CUVABWY aTTaITHOEWY yia
TN METPNON POMG KAUGIUOU HIOG VAUTIKAG MNXAVAG &V TTAw, KaBWwg Kal Twv
eCEIDIKEUPEVWV  PETPAOEWY  OToug  KIVNTAPEG Tou  EpyaoTtnpiou  NauTikng
MnxavoAoyiag (ENM).

O1 Baoikég TTapaueTpol BACEl TWV OTTOIWY ETTIAEXTNKE TO UETPNTIKOG gival ol EEAG:

e H aglomoTia TG péTpnong.

o H duvatdotnta aglomoTtwy peTpriocwyv 1600 o€ Diesel Oil, yia TI¢ avaykeg Tou
ENM, 6co kai oe Heavy Fuel Oil (HFO), yia tn duvardtnta SIeEaywyng
METPROEWV O€ PeYAAo dixpovo, apydoTPOPO VAUTIKO KIVNTAPA.

o H eguehigia TotroBETNONG OTOV A®N KABOPIOUEVO KAl TTEPIOPICHUEVO XWPO £VOG
MnxavooTagiou.

e H duvardémnta Asitoupyiag Tou poOUETPOU OTIC DUCUEVECTEPEG OUVONKES TOU
punxavooTtaciou (50 °C) kal n duvatdtnTa PETPNONG Kauaigou Bepuokpaciag
TouAdxioTov 135 °C, yia TIG TTEPITITWOEIG TTPOBEPUAVONG TOU KAUGIOU Kal
Kupiwg o€ dikTua 01ToU XpnolyoTrolgital HFO.

o H duvatétnta pétpnong oe cwAnva dlaToung diapétTpou, 22,1mm (SikTuo
OWANVWOEWY TOU EPyacTnpiou) Kal o€ cwARva dIaTtoung, MEYIoTNG SIauETPOU
100 mm (yia peydAo dixpovo, apydoTpo®o vauTiko Kivnthpa ye HFO).

o H Umapgn avaloyikng e€6dou 4-20mA () 0-20mA) yia va kataoTei duvaTh n
TTPOCKTNON OedOUEVWV KOl N TAUTOXPOVN €TTECEPYATIO TWV PETPOEWY OTO
mePIBAAAOV ypa@IKoU TTPoypaNPaTIONOU, LabVIEW.

e Qg amdppoia TNG TTapaTTavw TTPoUTTe0eoNnG, N duvaTdTNTA EVOWNATWONG TOU
METPNTIKOU OTN QOopNTr Movada YETPNONG aEPiwY PUTTWYV Kal I0XUOG VAUTIKWY
KivnTApwY Tou ENM Kkai Tng Acitoupyiag Tou aTo idlo TrepIBAAAov TTpdoKTNONG
OedOMEVWV.

e ToioTopikd Xpriong TnG cUoKeUnG o€ NAUTIKEG EQAPUOYEG.

o To k60OTOG ayopdg Kal OUVTAPNONG TOU TTARPOUG TTOKETOU (METPNTIKO Kal
TTapPeAKOUEVQ).

o H moTtomoinon amd 10 Auepikaviko IvaTitouto MetpeAaiou (API) kair dGAAoug
opyaviououg.

Eivar onuavtikd va ava@epBei 611 n €peuva ayopds TTPOCAVATONIOTNKE TTEPICTATEPO
o€ eTaIpEieg pe 'EAANVA avTITTPOOWTTO YIa TNV APECOTEPN ETTIKOIVWVIA KOl EVNPEPWON
Kal TNV EUKOAOTEPN duUVATOTNTA TTAPOXNG TEXVIKIG UTTOOTHPIENG.

MNa TN TEAIKA €1TIAOYT TOu opydvou, CuVTAXONKE Wia ékBeon avagopdg oe TrePIBAAAoV
MS Excel, otnv oTT0ia KaTnyopIoTToINenkav 1Ta onUavTiKOTEPO PETPNTIKA TNG ayopdg
Kal o1 BacikOTEPOI TTAPAPETPOI AsIToUupyiag Toug. Ta atroTeAéopara NG €KBEoNG AUTAG
TTapouaialovTal oto oXAua 1.13.
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YYXKEYH ANTIITPOXQIIOX OEPMOKPAXIA AEITOYPI'IAYX | EYPOX AIAMETPOY [I[TAXOX XQAHNA EZ0AOI AINNOOGHKEYXH XPONOX |AYTONOMIA
l'[OMl'[OY(operating)l AIZOHTHPOQN TOAHNA METPHXZEQN TTAPAAOXHX
one 0/4 to 20 mA two 4
to 20 mA

GE TrasPort PT878 Tevex 2108033652 Eng 55 °C Ewg 230 °C 12.7-152.4 mm Over 100000

Eng 76,2mm 4-6 £fdopadeg 9-11 hrs

1 dvvati

pn dvvarn

Agv or00éTeL
Enc120°C

RS232/USB

ZYZKEYH NAPATHPHZEIZ
GE TrasPort PT878 O AVTITTPOOWTTOG HOG EVNUEPWOE OTI £XEI TIOUANoEl dU0 ouokeuég oTa EMnvika Nautmyeia. Akdun cUp@wva Je TNV KATAOKEUGOTPIA ETAIPIA , €XOUV XPNOIPOTTOINBET WG TEKUAPIO Yia KAOTIT TreTpeAaiou! .
2V PR oupTrepIAapBAaveTal kai 4wpn EKTTAIdEUOT.

Ta dUo TpWTa €XOUV XPNOIKOTTOINGBEI yia PETPAOEIG TTapoxwV oTa Aloupivia NG EAAGSOG.

2TV TIPOOPOPA £XEI CUPTTEPIANPOET Kal AIoONTPAG PETPNONG TTAXOUG TOU GWArva TTapoxnig!

Avagépetal n duvatdmra pétpnong oe HFO. ETaipia pe egeIdikeuan oG VAUTIKEG EQOPUOYEG.
MepihapBavouy €va aigbnTripio Kal dpa n aTTOoTaon TTouTToU déKTN €ival TuTroTroINpévn. ETTiong 1o TpwTo TotroBeTeiTal aTov Toixo (Aev gival Hand Held).

YrepBoAikd akpifd yia va AngBouv utdyn!

2xAua 1.13 "Epeuva ayopdg yia Tnv Aoy ¢opnTtol pOOUETPOU UTTEPHXWV
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TeAkwg eMAEXONKE TO @opnTd podueTpo TnG GE, Transport PT 878. Madi pe 10
Baoikd TTokéETO TOU Opydvou, TO OToi0 TTEPIAAMPAVEl TNV  KEVTPIKA Hovada
ETTEEEPYATIAC KAl TOUG AIoONTAPEG TOU OPYAVOU, ATTOKTHBNKE Kal €va TTaXUPETPO TO
OTTOI0 TTPOCAPTIETAI OTNV KEVTPIKA Hovada. To TaxUUETPO OTTOTEAEI ONUOVTIKA
TPOCONAKN kKaBooov pag TTANPoOQopEl PeE MEYAAN akpifela yia TO TTAXOG TNG
OWAAVWONG TO OTIoI0 ATTOTEAE Mia AT TIG ONPAVTIKOTEPEG TTAPANETPOUG TNG
METPNONG, TTAPAUETPOG TTOU KaBioTaTtal aduvaTo va PeTPNOEi ue cupBaTikéG peBddoug
XWwpig TNV Tapéupacn oto SiKTUO TNG PONG.

ZxAua 1.14 Poouetpo utrephixwy pt878, Tng GE kai aicbntpag Taxupétpnong [8]

1.4 Métpnong pong peucToU e To podueTpo Tng GE, pt878

To ouoTnua METPNONG TNG PONG atmoTeAsiTal a) ammd Tov OYKO €AEyXOU TTOU
TepIAaPPBAvel Tov aywyo Kal To uypd TTou Tov dlappéel Kal B) atrd 1o {eUyog TwV
aIoONTAPWY TTOU TOTTOBETEITAI £CWTEPIKA TOU aywyOU.

O1 aiocOnmpeg (transducers) Tou PETPNTIKOU, HETAOXNMATICOUV TNV NAEKTPIKN EVEPYEIQ
o€ TTAAPOUG UTTEPAXWYV KaTA TN @don petddoong (AsiToupyia aiodBnTApa wg TTouTrou),
EVW) PETOOXNMATICOUV TOUG TTOAPOUG UTTEPNXWVY OE NAEKTPIKA EVEPYEIQ KATA TN PACN
AMwngs (Aeitoupyia aioBnTipa wg &€kTn). Z10 cUCThUa Tou pt878, kK&Be aioOnTrpag
AeIToupyei W¢ TTOUTTOG KAl WG OEKTNG WE €va oUVOAO TTaApwy va diaBaivouv atrd Tov
évav a1i00nTpa otov AAAo Kal TTicw (TTPOG TNV KaATeubuvon TNG PONG Kal avTiBeTa
atré auth).

O1 aio8nTApPeg TTOU €MMAEXBNKAYV va CUPTTEPIANPBOUV OTO BACIKO TIAKETO TOU
opydvou gival KatdAAnAol yia pETpnon pong o€ CWANVEG Pe DIAUETPO dlaToung, 12.5-
50mm. O1 aiobntrpeg ToTTOBETOUVTOI O€E BaBuovounuévo Kavova yia Tn pubuion Tng
METOEU TOug amdoTacng Me MPeyaAuTepn akpifeia (oxAua 1.15). H améoTaon
puBuiCeTal Paoel odnylWV KATACKEUAOTH yIO va avTioTolXifetal oTto PéyeBog Tng
dlaToung TNG CWARVWonNgG.

2xAua 1.15 BaBuovounuévog kavévag CF-LP(Clamping Fixture) yia Tnv
TOTTOB£TNON TWV AIOBNTAPa Tou podueTpou TNG GE [9]
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H apxn Acitoupyiag Tou GE pt878 cival auTr] TTou TTEPIYPAQPNKE OTO £dAPIo Podusrpa
Xpovou SiéAsuoncg (Transit time)

H &iagopd éykemal otov TPOTTO TOTTOBETNONG TWV aAICONTAPWY. ZUYKEKPIUEVA
xpnoigotroigital n uEBodog diITAng diadpopng (double traverse method - oxAua 1.16),
ME TOUG aioBNTAPEG va TOTTOBETOUVTAlI €UBUYPAPPIOUEVOI OTOV iDI0 QOpEéa WE
O1euBuvon idla pe Tn d1EUBuvan Tou GEova diEAEUONG TNG PONG.

d

Transducer
ﬂb a
il

X2

)

Pipe Wall

ZxNpa 1.16 MéBodog dITARg diadpoung [10] PwToypagia 1.1 TotrobETnon TOU
CF-LP o¢ dikTuo TTapoxnig

2NUavTIKA TTAPAUETPOC YIa TN METPNON TNG PONG €VIOC TOU aAywyou OTTOTEAEI N
amoéoTaon X METALU Twv ailodnmpwyv. H amdéoTtaon auth divetal atmd TNV KEVTPIKA
Movada Tou opydvou €1I0AyovTag TIC BACIKEG TTAPAUETPOUG TNG METPNONG: TTAXOG
TOIXWHATOG OWAAVA, EEWTEPIKT DIAUETPOG CWANVA, UAIKO KATAOKEUNG OCWANva, €id0g
peuaToU, TPOTTOG TOTTOBETNONG alIocBnTApwV (single — double traverse).

lMpoimo@éocic yia BéATiorn uérpnon tng porg ue ro GE pt878

e AmraiTeital n UTTapgn eAeuBepou prikoug, Kat eAdxioTo, 10 @opég n SIGUETPOG
TOU CWARva avAavtn Tou onueiou TOTToBETNONG TwV AIoONTAPWY KAl 5 QopES
KATAVTN QUTWV.

e Armraireital n TARpwaon Tou cwAAva katd 100% a1’ 10 £pyadduEvo HECO XWPIG
TNV UTTapén aEpa Kai avabuuidoewy.

o [lpéTrel va atmmo@eUyeTal N TOTTOBETNON TOU OPYAVOU OE KATNPOPIKO CWARva
w¢ aTTéppoIa TNG deUTEPNG TTPOUTTOBEONG.

e 2Xuviotatal n totmoBétnon Tou CF-LP o€ ywvia 45° o1r’ 10 0pIOVTIO ETTITTEDO
TOU CWArRva.
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-KEDAAAIO 2: ZuyKpITIKEG HETPNOEIS TOU POPNTOU POOUETPOU OE TTPOTUTIN
odidaragn pe xpron duvapokuwéAng

2.1 Eicaywyn

O éAeyxog TnNG agIoTMmIOTiag TwWv METPACEWY Kal N afloAdynon Tng Asiroupyiag Tou
QopnTou opydvou METPNONG TNG TIOPOXNG, OTTOTEAEI ONUAVTIKO KOUUAT TNng
OIMAWMATIKAG epyaaciag. MNa Tnv eguttnpéTnon autou Tou OKOTToU, oXeBIAOTNKE Mia
TPOTUTIN dIdTagn PETPNONG Tou pubuou pong Walag vepou pe OTOXO Tn dieaywyn
OUYKPITIKWV peTprioewyv. H Ttpdtutn didtagn, Paciotnke oTtnv TeXvoAoyia Twv
TECONAEKTPIKWY AIoONTAPWY TTIECNG KAl OUYKEKPIPEVA Hiag duVOUOKUWEANG. ZTOX0G
ATav N TauTtdXpPOovn METPNON TNG TTAPOXNS VEPOU oTnv TPOTUTIN diIaTaén pHéow TNG
OUVANOKUWEANG Kal Tou podueTpou TNG GE Kal n oUyKpIon TwV ATTOTEAEOUATWV.

2.2 NMpoéTutn diaragn HETPNONG Tou pubuoU pong HAlag vEPOU O€ EAEYXOMEVES
ouvlnkeg

Baoikn 10€a yia 1n oxediaon Tng TTPOTUTING dIdTa¢ng, ival n yétpnon g pong palag
peuaTOU PEOW TNG CUyIoNG €vOg OYKOU PEUCTOU TToU OIEPXETAl OTTO £va ONEIO TNG
OIaTOUNAG €VOG aywyou, 0t éva OUYKEKPIYEVO XPOVIKO dIAoTNUA TTPOG TO XPOVIKO
oidotnua autd. Me Tn pé€Bodo auth emTuyXAveTal o ammeubeiag uTTOAOYIoUGS TNG PONG
padag Tou peucToU (Kg/s). MNa va kataoTei akpIBAg n mapatmdvw PEBodog PETpNOoNG
TNG PONG TTPOATTAITEITAI N IKAVOTTOINCT dUO TTOAU GNUAVTIKWY KPITNPIWV:

1. H amoguyn peydAwv diakupdvoewyv TnG pong (katd 1o duvartdv diatripnon
oTaBepnGg pong) oTo Xpovikd dIAcTNUa OTO OTToio uTTtoAoyileTal n péala Tou
OlEpXOpEVOU peUaTOU.

2. H xpnoiyotroinon evog aioBnTtrpa ¢Uyiong HEYAANG akpifelag Kal aglomoTiag.

lNa TNV IKavoTroinon Tou TTPWTOU KPITNPIOU aTtrogacioTnke n Xprjon Tou OIKTUOU
Tapoxng vepolu (atrd Tnv EYAAI) Tou epyaoTtnpiou, KABWG POG TTAPEXETAI N
duvaToTnTa €AEyXOU TNG pong (auéopegiwon Tng évraong). MNa Tnv Ikavotroinon Tou
0eUTEPOU KPITNPIOU aTTOPACioTNKE N XprHion Miag duvapokuwéAng, n TtexvoAoyia tng
OTTOIaG TTEPIYPAPETAI OTO ETTOPEVO EDAPIO.

Eivalr onpavtiké va avaeepbei 611 yia Tn oxediaon tng didragng AROnke utméywn n
KGAuwn Twv TTpoaTTaIToUEVWY Yia TN BEATIOTN Acitoupyia Tou GE pt878.

TexvoAoyia mie{onAekTpikwv aiobnripwyv - AuvapokuwéAn

Kard T1o TmeConAekTpikO @AIVOPEVO, N TTECNH TIOU E£QAPUOCETAl OE OPIOPEVEG

KaTeuBuvoelg o dUo avTiBeTa TTPOooavVATOAIOUEVEG OWEIG evOG KpUOTAAAouU, TTapdyel
avTIOTPOPWGS TTOAWMEVA NAEKTPIKG QOopTia avaAoya TTPOG TNV £Qappolopevn Taon.
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ZUVETTWG, N MNXAVIKA TTapaudp@waon evog TECONAEKTPIKOU CWHATOG TTPOKAAEI HIa
aAAayr oTnv NAEKTPIK TTOAWON avdAoyn TTPOG ThV TTAPANOPPWOnN.

F

HHHHHHHH

2xAua 2.1 MefonAekTpIKO Qaivopevo [11]

MNa TIG avAyKeS TWV PETPACEWY ATTOPACIOTNKE N XPon TNG duvauoKUWEANG (Quartz
Force Link) povtého 9331B 1n¢ Kistler.

H OuvapoKuweéAn XpnoidoTrolgiTal yia TN PETPNON OUVAMIKWY KAl NUI-OTATIKWY
Ouvdpewv oupTrieong kKal e@eAkucpol. ‘Exel uwnAn okapywia kal 18loocuyxvoeTtnTa.
Emrtpétel Tn ouvdeor TG pe dUo KoxAieg (GvwBev kKal KATWOEV) TTapEXOVTAG Th
ouvartotnTa TapaAafAg BAITITIKWY KAl EPEAKUCTIKWY OUVAHEWV.

H OuvauokuwéAn Trepiéxel éva  TTECONAEKTPIKO OToIXEIO (ATTO
- xaAalia- SiO;) 10 oToio KATw UTTG OUVBRKESG POPTIONG, OTTOKTA

NAEKTPIKO QopTio avdAoyo Twv duvduewv TTou TTapaAaufaver. To
- ' @opTio auTtd TTapaAaupBaveral atrd £va NAEKTPODIO Kal PETAPEPETAI
Héow €evog Buopartog (TTpoetoxrn). To mTapaxBév nAeKTpIKO ORua
METAQEPETAl PMEOW €VOG EIDIKOU KaAwdiou UWnAAG povwong Kal
XOMNANG XWPNTIKOTNTAG O €vav  €VIOXUTH ONPATOG Yio TOV
HeTaoXNMaTIond TOoU 0€ Tdon oTtnv €000 Tou. H tdon otnv £€€0d0
TOU E€VIOXUTH MTTOPEl PETETTEITA va  XpnolidotroinBei yia Tnv
TTPOCKTNON TWV OEDOPEVWYV TNG HETPNONG.

d

o <

-

2xnua 2.2 AuvapokuywéAn 9331B 1ng Kistler [12]

Sensor Connecting cable Charge amplifier
Type 93x1B Type 1631C... Type 5015A...

2xAua 2.3 Zuvdean Tng duvapokuwéAng 9331B ot evioxuTh orfuartog [12]

H duvapokuwéAn mmapéxetal BabBuovounuévn atrd Tov KataokeuaoTr]. ‘ETreima ammd 1n
owaoT  TOoToBEéTNONR  TnG, MTopel  va  xpnolgotroinBei  dueca  Xwpig
emavapaduovounon.
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2xediaon tng mporumng diaraéng pong vepou

H oxediaon kai diaoTtacioAdynon tng TpoTuTING OIATagNg, €yIve OTO AOYIOUIKO
TpIo0didoTaTng atreikéviong CAD, Autodesk Inventor.

ZxNpa 2.4 TpiodidoTaTn aTTeIkOVIoN TNG TTPOTUTING didTagng pong vepou

O T1pdoivog xaAuBdivog ocwAAvag avhkel oto diktuo TTapoxns g EYAAN. Ztov
OwAAva autdv, TTPOCAPTIETAI Yia ETTEKTOON XOAKOOWAAVA yIa TV EKTPOTIH TNG PONG
TOU vEPOU TTPOG TO KiTPIVO SOXEI0 KUKAIKAG BIATOPNG. TN oUVOECN TOU CWARVA TNng
EYAAIT pe Tov xaAkoowAAva, Ttotrobeteital yia Bava yia Tov €AeyXo TnG POrgG Tou
vepPOU.

H tommoBétnon tou GE pt878 yivetal TTAvw oTOV OPICOVTIO XOAKOOWANVA O OTT0i0G
£Xel Mia eAa@pwg avneopikA KAion yia Tnv €gac@Aalion TnG TANPSTNTAG TOU JE VEPO.
EmimAéov, €xel katdAAnAo PAKOG yia TNV €§OPAAUVON TOU TTPOQIA TNG PONG PEXPI TO
onueio ToTroBEéTNONG TWV AIoBNTAPWY TOU POOUETPOU (THPNCN TWV OTTAPAITNTWYV
OTTOOTACEWYV QVAVTN KAl KATAVTN TWV aiodnThpwv).

To TeAeutaio TuRua TOu XAAKOOWARvVA, KUKAIKAG Olaudpewong, Bpioketal Aiya
EKATOOTA TTAVW OTT’ TOV TTUBPEVA TOu doxeiou (yia oxedIAoTIKOUG AOYoUG, TO GUVOAO
NG cwARvwong otnv 3D ateikdvion Tou OXANOTOG 2.4, QaiveTal JETATOTTIOUEVO ATT
TO0 doxeio katd Tov z Agova). Eivar TOAU onpavtiké va avo@epBei 0TI N KUKAIKA
SIauépPPWAON TOU TUAPOTOG auTou, CUUBAAAEI OTNV OPAAOTEPN EKPON TOU VEPOU PECT
o010 doxeio.

To doxeio Bpiokeral TommoBeTnuévo TTévw OTn BAcn TNG SUVAPOKUWEANG yia TNV

Tautoéxpovn Cuyior] Tou. Mia akoun Bava éxel TTpoocaptnBei oTo doxEeio yia Tov EAeyX0
TNG EKPONG TWV UDATWY PETA TO TTEPAG TNG METPNONG.
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Tomo@érnon Tng SuvauokuwéAng ornv mporumn didaraén

MNa 1N Péyiotn Oduvarh akpifela Twv HPETPACEWY, N OUVOUOKUWEAN TIPETTEl va
ToTToBETEITAI KABETA OTO £TTITTEDO TOU £0APOUG WOTE TA YOPTIO TTOU TNG ETTIBAAAOVTAI
va gival TapdAAnAa oTov KaTakopupo dEova TTou TTepvE atm TO0 cwua TnG. MIkpég
OTTOKAICEIG PTTOPEI va 0ONyOOoUV 0€ ONUAVTIKA OQAAPATA KOBIOTWVTAG avagioTTioTn

N PETPNON.

To eyxepidlo tng Kistler [12] Trporteivel didpopoug TPOTTOUG TOTTOBETNONG TNG
OUVOUOKUWEANG avaAdywg Pe TNV eKAaTOoTE epappoyr. MNa Tnv TTapaiaBn BAITTTIKWY
ouvduewyv, Fz, trpoTeiveTal N oxediaon Tou TTAPAKATW OXAMATOG.

~ |

i \Iéz§
i\\ i \\

2xAua 2.5 Mpoteivépuevog 1péTTo¢ ToTroBEéTNONG TNG Kistler 9331B [12]

Bdoel ToUu Tropamdvw OoxXAMATOG, OXedIAOTNKE N BAacon TOoTOBETNONG NG
OUVOUOKUWEANG.

ZxNpa 2.6 TpiodidoTaTn aTTEIKOVION TNG Bo'(og TOTT00£TNONG TNG SUVANOKUWEANG
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H SuvauokuwéAn TotToBeTeiTal KOXAIWTA avaueoa o€ dUO TTAGKEG OTTd AvOEEIdWTO
XO0AuBa. H tommoB£Tnon yivetal OTO KEVIPO CUMMETPIOG TwWv OUO TTAOKWY WOTE va
aTToPeUXBei N aviookatavour] Tou @opTiou TTou TTapoAaupdver amo TIG idIEG TIG
TTIAGKEG.

A&iCel va onueiwBei 0TI o1 KOXAieg TNG TTAGKAG TTou TOTTOBETEITAl 0TO OATTEDO (OXNMO
2.6), Xpnolpeuouy yia TNV €uBuypdupion TNG duvapokuwéAng pe 1o OAmedo Pe TN
BonBeia aApadiou.

H mpotutn didragn péTpnong Pong vepou OTTwG Kal N BAon TNG dUVOUOKUWEANG
KATAOKEUAOTNKAY OTO Unxavoupyeio Tou ENM.

dwroypagia 2.1 MNpdTuTIn diIGTAgN pong vepou oto ENM

2TOX0G TNG TreIpauaTikig diadikaoiag ATav n Tautdxpovn HETPNON TG PONS MWE TN
ouvapokuywéAn Tng Kistler kai To @opntd poduetpo NG GE. MNa 10 Adyo autd EmmpeTte
va AneBouv dUo avaAoylkd oruaTta TauToxpova Kal atrd Ta dUo PETPNTIKA ot éva
KOIVO TTEPIBAANOV TTPOOKTNONG OEDOUEVWV. 2T CUVEXEIQ aKOAOUBEI n TTEpIypa®n NG
ouvOeapoAoyiag Twv dUO PETPNTIKWY C€ GOopnTO UTTOAOYICTH TOU £pYQOTNPIOU.
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2uvodsouoAoyia tng SuvauokuwéAng Kai Tou poousTpou TG GE o mpoowmmiko
umroAoyiorn

Toéoo o evioxutng TG duvapokuwéAng 6co kai 1o GE pt878 diabétouv £¢6doug
avaAoyikou oAuaTtog. MNa m ARwn Twv onudTtwy auTtwy atmmo TTPOCWTTIKG UTTOAOYIOTH,
QTTQITEITAI N YETATPOTTA TOU AVOAOYIKOU ORPATOG 0€ WnPIoKd. AUTO ETTITUYXAVETAI UE
N xpnon piag kaptag DAQ (Data Acquisition —IMpéoktnon dedouévwy) g National
Instruments Kai CUYKEKPIYEVA TNG i 9222,

H ni 9222 civar pia, uywnAng taxutnrag, KAPTa
mpoéokTnong  Oedopévwy. lMepihapPBavel  Téooepa
KavaAia Trapéxovtag pubuod deiypatoAnyiag 500 kS/s
yla KaBe €va atd autd. EmmAéov, kabioTaTal duvarr
n Tautoxpovn Afwn &edopévwy atrd 10 GUVOAO TWV
KAVOAIWV,  XWwPIiC  va  JEIWVETAI O  PUBPOG
ociypdaToAnyiag. Aéxetal avoAoyikd onuata Taong
eupoug 0-10V 1 -10-0V yia avtiBetn mOoAIKOTNTA. TO
OQAAUQ CUPQWVA UE TOV KATOOKEUOOTR AvEPXETAl OTA
0.00306V. H kdpTa auth ouvdéeTal o€ UTTOAOYIOTH
pMéow USB.

2xnpa 2.7 Kapta DAQ, ni 9222, Tng National Instruments [13]

To podperpo NG GE diaBétel €000 avaAoyikou ofpaTtog 4-20mA. ZUVeTTWG, YId
Aéyoug oupBatétnTag pe Tnv kadpta DAQ, TO Ofjpa Tou XPEIAZETAI VO HETATPATTE ATTO
mA o¢ Volt.

MNa 1N peratpot) Tou avaloylikoUu oAupatog amd 4-20mA ot kAigoka Volt
XPNOIMOTTOINBNKE Pia wpIKA avTtiotaon, TiunG 350Q, n otoia cuvdEBNnKe oTa AKPA TOU
KaAwdiou pe To 0TT0iI0 oUVOEOUNE TNV £6000 TOU POOUETPOU OTNV KAPTA TNG Ni.

‘ Quiki
avriotaon

dwroypagia 2.2 KaAwdio ouvdeong TG £§6dou 4-20mA Tou poduetpou NG GE o€
KavaAl TG kaptag DAQ

Me Tn ouvdeon TnG avticTaong oTa AKPa ToUu KaGAWSIoOU Tou GPATOS Kal UOTEPA ATTO
xprnon Tou véuou Tou Ohm, cupBaivouv ol €§AG HETAOXNUATIOUOI:
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4mA =2 51 .4v

20mA 2% 57V

AnAadnA n kdpta ™G NI AauBdver TAéov atmd 1o peTpnTiKG Opyavo TG GE, eUpog
TIuWV 1.4-7V.

O1mrwg TTpoava@EépOinKe, To NAEKTPIKO QOPTIO TTOU ATTOKTA N OUVOUOKUWEAN, PETA TNV
ETTIBOAN QOPTIOU, UETAPEPETAI OE EVIOXUTH VIO TN UETATPOTIA TOU O0€ avaAoyikd oAua
Tdong. MNa Tn pETATPOTI TOU OAUATOG TNG OUVAMOKUWEANG XPNnOoIJoTIoIRenke o
EVIOXUTAG orjuatog Tng Kistler, 5015A.

O 5015A TTapéxel Tn duvatoTnTa e1meepyaciag NAEKTPIKOU CAUATOG QopTiou, UPOUg
+2 ... £2 200 000 pC.

O evIOXUTAG XPNOIYOTIOIEITAI YIO TN PETPNON HNXAVIKWY HOVAdWY OTTWG Trieon,
ouvaun Kal mTaxuvon.
O1 Baoikéc Tmrapduetpol TToU  divovral ammd  TO

XPNoTn givai:
g a) n evaioBnoia Tou alIcBNTAPA, n oTToia avEépyeTal
o€ -4pC/N yia Tn xpnoihoTroinBeica dUVANOKUWEAN
K]S“-ER B) n kAigaka (scale) Tou oORuatog €¢odou TOU

evioxuti oe M.U./V (M.U.= Mechanical Unit)
onAadn e N/V yia Tn SIKA pHag epapuoyn.

Y) TTapéxel Tn duvatoTnTa €QAapuoyng Kal pubpIong
TTOPAMETPWY KATTOIOU QiATpoU (low pass KATT)

A

2xnua 2.8 Evioxutriig onpatog 5015A ng Kistler [14]

A&iCel va avagepBei 0TI TTapEXE! avTIOTABUION TWV ATTOKAICEWY ToU TTIECOKPUOTAAAOU,
Drift < £0,03 pC/s (BAm. €ddpio ‘Merpnosic Twv amokAioswyv (drift) 1tng
ouvauokuwéAng’ - ogA. 40). To ofjua e€6dou Tou evioxuTh diveTal o€ €Upog £10V.
To ofua autd petagépetal otnv Kdpta Tng National Instruments kal KT €TTEKTAON
oTo Laptop Tou epyacTnpiou yia TNV TTEPAITEPW ETTECEPYATIa TOU.

Ta d00 onpaTa TWV PETPNTIKWY TOTTOBETHONKAV 0€ dUO KavAaAia TG KAPTAG ni 9222,
Na tnv Tpdéoktnon Kal  emeéepyacia  Twv  Oedopévwv  OTOoV  UTTOAOYIOTH,
XPNOIYOTTOIRBNKE TO TTPOYPAMKA YPAPIKOU TTpoypaupaTiopou, LabVIEW (Laboratory
Virtual Instrument Engineering Workbench) tng National Instruments. MNMopokdTtw
TEPIYPAPETAI N OXEDIOON TOU TIPOYPAUMATOG TIPOOKTNONG KOl  ETMEEEpyaaiag
dedopévwy NG TTPOTUTING didTagng otn LabVIEW.
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2.3 Ixediaon TpoypdupaTOg TTPOOKTNONG Sedopévwy TG TTPOTUTTNG dI1dTASNG

O1 onpavTikOTEPESG TTAPAUETPOI TTOU TTPETTEl VA PUBUIOTOUV OTO TTPWTO OTAdIO TNG
oxediaong evog VI (Virtual Instrument - Mpoypappa oxedlacuévo otn LabVIEW) gival
0 puBuog 1 ouxvotnTa deiyuatoAnyiag (rate) oe kS/s (1 Hz) kai o apiBudg Twv
oelyuaTwy s (samples to read). H kdpta DAQ TTOU XPNOIKOTTOINBNKE CUVOEETAI OTOV
uttoAoyioT JE ouvdean USB. lMa Tn OUYKEKPIYEVN OUVOECH TTpoTeEiveETal ATTO TN
LabVIEW n puBuion Ttou apiBpol Twv delydatwy wg 10 1/10 TG ouxvdétnTog
oelypaToAnyiag.

MNa Topddelypa av Exel pubuioTei wg ouxvoTnTa delypaToAnwiog oto VI ta 1000Hz,
TOTE O APIOPOG Twy delyudTwy KABe KavaAiol dev Ba Tpétrel va etrepvdel Ta 100.
Me TOov TPOTTO auUTO €Cac@aAifeTal n aTToQuyr OQ@OAPATWY UTTEPXEIAIoONG Kal
atroppor|s (overflow /underflow errors).

H pétpnon Tng porg atroTeAei apyd QAIVOUEVO €V ONMUAVTIKO POAO TTailel Kal n
atroKpIon Tou podueTpou TNG GE.

2T0 Opéowg e€mopevo oTAdIo pubuidovial ol OXECEIG METAOXNUATIOMOU yia TO
METOOXNMOTIONS TWV TIHWV TOU OAUATOG TAONG TOU KABE PETPNTIKOU O€ PNXAVIKEG

Hovadeg uéETpNong.
2xéon peTaoxnuUAariouou Tou ouarog Tou poodusrpou tn¢ GE
Apxik@ puBuioupe péoa OTO AOYIOMIKO TOU PETPNTIKOU TG GE kai oto TTapdBupo

Analog Output 10 €id0g TWV PETPACEWY TTOU BEAOUPE VO OTEAVEI HECW TOU PEUUATOG
oTnVv avaAoyikr Tou £€£0d0.

EmAéyoupe wg £€E0do va oTéAvel Tnv
Eunction Tapox) o€ It/sec. PuBpifoupe  wg
eAayioTn TiuA TTapoxng Ta 0 lt/sec n otroia
Data Source M:F;rn;ijzc QVvTIOTOIXEI OTA 4MA KOl WG PEYIOTN TIUA
- (span) Ta 0.5 It/sec TTOU QVTIOTOIXEI OTQ
Zero E m's 20 mA. Omwg Trpoava@épbnke Ta 4-
20mA petaoynuari¢ovral o€ 1.4-7V péow
Span m's avtioTaong 350Q.

On Emor|Hold Last Value

| Cancel | I OK

2xAua 2.9 PuBpioeig TapapéTpwy 010 AOYIGHIKO TOU pOOUETPOU [15]

H oxéon Twv It/s pe Ta Volts atnv €600 Tou KavaAiou Tng kapTag DAQ, OTTou £Xoupe
ouvdéoel 1o podueTpo TNG GE, eival ypauuikf kol divetar amd Tnv TTAPAKATW
egiowon;:

y=a-X+b (oxéon pyetaoxnuaTiopou)

o1ToU y Ta It/sec kai x Ta Volt (V) TTou divel To pOOUETPO AVTIOTOIXA.
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H eCiowon otnv TEAIKA TNG Hop@N givai n: Y :%'X-OJZS

0.6

0.5

y=(5/56)x - 0,125 /

o
~

Porj Psuaotou (It/s)
o
w

o o
= N

Tdon (Volts)

2XAMa 2.10 Zx€on JETAOXNMATIOMOU TOU CUATOG TNG PONG PEUCTOU

21N ouvéxela petatpémroupe Ta lt/s oe Kg/s diaipwvtag tnv egicwon pe 1o 1000 kai
TTOAATTAQCIACOVTAG TNV PE TNV TTUKVOTNTA TOU £pyadouevou PHEoou (vepoul) n oTToia
icoUTal pe 999,1026 Kg/m? otoug 15 °C H miyn TG TUKVATNTOS OpileTal ATTO TOV
xpnotn yéoa oto VI T1ng LabVIEW.

Zxéon yeraoxnuariopgou rou onuarog tng AuvauokuwéAng tng Kistler

H £€000¢ Tou evioxuTr TnNG duvapokuwéAng divel ofua taong. Méoa otnv 084évn Tou
EVIOXUTN ETMIAEYOUUE TNV TIUN TOu scale dnAadr Ta N/V.

H oxéon uetaoxnuamiopou yia Tn HPETATPOTI TOU ONPATOG TAONG O PNXAVIKEG
MovaAdEeg, gival ypAUMIKY Kal gival TNG HOPPNG:

y=a-X

otrou y Ta Newton (N) Tng pétpnong kai X 1o onpa €5édou oe Volt (V) 1Tou divel o
EVIOXUTNG TNG OUVOUOKUWEANG QVTIOTOIXA.

O ouvteAeoTng a TauTiCeTal pe To scale TTou £xoupe B€oel oToV eViIOXUTA TNG Kistler.

MNa va Béooupe TNV TTapdpeTpo Tou scale, CuyiCoupe oe pia Cuyapid 10 BApog Tou
doxeiou oTav gival TTAApwWG yepdTo pe vepd. H T auth ival n Péyiotn Tng PéTpnong
KAl JE ouvuttoAOYyIOPO €vOg opiou avoxng utroAoyiletal ota 21Kg 1 206N. H 1A
206N 20 N

auTtn diaipeital ue 10 EUPog Twv Volt oTnv £€€080 Tou EVIOXUTA

@w-0v Vv
H oxéon pyetaoxnuaTtiopou Traipvel Tn HOPON:

y=20,6-X
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2xAua 2.11 Zxéon JETAOXNUATIOUOU TOU OUATOG TOU BApoug

2Tn ouvéxela eCayoupe amo Ta N Tng pérpnong, ta Kg Tou vepou SIaipwvTag TN
ox£0nN YETAOXNMATIOWOU Pe TV emTtdyuvon NG Baputntag g=9,806 m/s?.

Teprypaen Asiroupyiag rou ‘Force Link’.VI

O Baoikég oTOX0G TOU TTPOYPAUMOTOG, €ival N XPNOIUOTIOINON TWV PETPAOEWY TOU
Bapoug oe N Tng duvapokuwéAnG kal Kat emméKTaon Tng padlag (oe Kg) Tou vepou
Méoa oTo doxeio, yia TNV eEaywynh TNG PoNg Tou vepoU o€ Kg/s. Autd emmiTuyxavetal he
TN xpernon duo Bacikwyv evioAwv Tng LabVIEW, tnv evioAnl Wait kai Tnv evioAn Shift
Registers.

Metd ammd kdBe ekTéAeon TOU TTPOYPAMMPOTOG KATaypd@eTal Wia péTpnon atmmd To
podueTpo TNG GE kai pia amd 1n duvapokuwéAn. Me tnv evioAl Wait ymropoUlpe va
eAéyéoupe TO XpovikO OidoTnua (0 ms) pEXPI TNV €TTOMEVN €KTEAEOn TOu
TIPOYPAPPATOG KAl KATA CUVETTEIA TNV €TTOPEVN KATAYPAPNA TIMWV ATTO TA PETPNTIKA.
To xpovikd dIdoTnUa PEXP!I TNV ETTOUEVN EKTEAEGN TOU TTPOYPAUMATOG, EI0AYETAI OTO
Front Panel tou VI. H gvtoArj Shift Registers, pyag emTpéTTel TNV ammobrikeuon piag
TIUAG META TO TTEPAG KABE eKTEAEONG TOU TTPOYPAMNMKATOS Kal T XPNOIMOTToineR NG
OTNV aPéoWG ETTOUEVN EKTEAEDN.

‘ET01, KOTA TNV TTPWTN EKTEAECN TOU TTPOYPANMATOG atroBnkevovTal dUO TINEG: yia o€
Kg/s Tou GE kai pia og Kg atmé Tn duvapokuwéAn (m1). To TTPOYPaPa avaekTEAEITAl
MeTA a1rd X ms (milliseconds) avaAdywg pe TNV ekXwpnuévn TIPA Tou Xprotn. OTtav
EavaekTeAeaTel 0 aAyopiBuog Ba kataxwpnbouv dUo veeg TINEG atrd TO GE kai Tn
OuvapoKUWEAN (m2). Ooov agopd TN duVAPOKUWEAN, Bpiokouue To puBud PETaBOANG
m, —m
Time _ Interval ’
T0 GE Bpiokouue T0 H€CO OPO TWV dUO TIPWV.

NG MACag Tou vepou onAadn Tn pon Tou peucTou o€ Kg/s, evw yia

H por] Tou vepoU OTn OUYKEKPIYEVN €QApPUOYN atToTeEAEl apyd @aivouevo, dnAadn
TTapoucialel apyEg peTaBoAéG. Q¢ atToTéAeoua uTTopEi va yivel n rapadoxr o1l yia T0
XPOVO TTou pecoAaBei PeETOEU TwV SUO PETPAOEWY TNG BUVAUOKUWEANG, My KAl My, N
pOor] TOU vePOU TTapéuEIve oTaBepr (TTPOKTIKA eP@aViel apeANTEES UETABOAEG).
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2710 Front Panel Tou TTpoypdupaTog pubpifovral OAEG o1 aTTapaiTnTEG TTOPANETPOI YId
TNV EKTEAECH TOU, EVW ATTEIKOVICOVTAI TAUTOXPOVA Ol YPOQIKEG TTAPACTACEIG TNG PONG
Tou vepoU TOOO aTmd To POoOUETpPo 600 Kal atmd Tn OuvapokuwéAn. MapdAAnAa,
uttoAoyieTal Kal aTrelkovideTal SIayPAUMATIKA n atréAuTn TIA TNG S10@opds Twv
METPAOEWV TWV dUO UEBOdWYV 0t oxéon Pe TN PETPNoN atmd Tn SUVOUOKUWEAN WG
TTO000TO £TTi TOIG EKATO.

Xpnion @iAtpwy yia tn uétpnaon ue tn AuvauokuwéAn

MNa ™ peiwon Tou Bopufou Tou oPaTog atrd TN OUVOUOKUWEAR, TTPOTEIVETAI ATTO TOV
KATOOKEUOOTH N XPNRon XaunAotrepatwy QiATpwy (low-pass) oTov evioxXuTr] OAUATOG.
lMNa TN OUYKEKPIPEVN €Qapuoyr Xpnolpotrolouvral @iAtpa Butterworth 5° BaBuou
akoAouBwvTag TIG 0dnyieg Tou KataokeuaoTh. EmimmAéov, yéoa amd Tnv TTEIPAPATIKA
oladikaoia, Trapatnpendnke o1 Katd Tnv €icodo Twv onudtwv otn LabVIEW o
B6puBog evioxueTal e€aitiog TNG dIAipEONG TwV CNPATWY YIa TNV €UPECN TNG PONG
pMacag atrd Tn OUVOUOKUWEAN. To @aivopevo autd avTIJETWTTICETAI PE T XPHon
QIATpwWV  KUANIGuevou péoou 6pou (Moving Average) Ta oTroia  Treplypdgovral
TTOPAKATW.

KuAiéuevog Méoog Opog

O KuAhiGuevOg UECOG XPNOIUOTIOIED évav CUYKEKPIMEVO aplBud onueiwv dedouévwv
(Trepiodog), utTtoAoyilel TOV HECO OPO TOUG KAl XPNOIMOTIOIE TN PECN TIMN WS onuEio
oTn ypauun tdong. Avagépovtag Eva atrAd TTapadelyud, HE TNV €TTIAOYN TTEPIOOOU
TIUAG 2, uTToAoyiCeTal 0 PECOG OPOG TWV dUO TTPWTWYV CNUEIWY dEBOUEVWY O OTTOI0G
KAl XPNOIKOTTOIEITAI WG TTPWTO ChEIo OTN YPapun Tdong KuAiduevou péoou. ‘Etteita o
MECOG OpPOG TOU OEUTEPOU KAl TOU TPITOU ONUEIOU OEOOPEVWV XPNOIMOTIOIEITAl WG
0eUTEPO ONEIo OTN Ypapun Tdong K.0.K.

H oxéon yia Tnv e0peon kABe onueiou TG ypauung Tdong SIaPOPPWVETAl WG EENG:

F~ — A + Ai—l +.t A—m—l
' n

NG YPOUUNAS Tong Tou KUAIdPeEvou péoou Opou. To TTARBOG Twv onueiwv og pia

YPOUMA TAoNG KUAIGPEVOU PéooU Opou gival i00 e TO GUVOAIKO TTARBOG Twv onuEiwv

MIag o€Ipdc HETPATEWY, PEiov Tov apIBPo TTou opideTal yia TNV TTEPiodo.

, 6TToU Ai n héTpnon atrd Tn duvapokuWEAn Kal Fi To onueio
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Zxnua 2.12 Block Diagram Tou ‘Force Link’.VI
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ZxnAMa 2.13 Front Panel Tou ‘Force Link’.V



2.4 ATTOTEAEOMATO CUYKPITIKWYV HETPACEWYV OTNV TTPOTUTIN SIdTan

MNa 1N dnuioupyia Kal oxediaon Twv dlIOYPANUATWY KABWGS Kal yia Tn JIEVEPYEID TWV
ATTOPAITNTWY UTTOAOYICHWY, XpPnoidoTroidnkav Ta tpoypduuara MS Excel kai
MedCalc.

2.4.1 Tevikég Maparnpnoeig
Amokpion Tou opydvou

Kard tn Oiegaywyrn Twv TTEIPAUATIKWY HPETPHOEWY TTapaTnErenkKe dia onuavrikn
dIaQopA OTO XPOVO ATTOKPIoNG TwV dUO0 PEBOdWY. ZUYKEKPIPEVA, TO POOPETPO TG GE
xpelagoétav aiobnTd TTEPICCOTEPO XPOVO (O€ S) yIa TNV £Eaywyn TNG TIMAG TNG PONG o€
oxéon pe Tn duvapokuwéAn Tng Kistler. ‘Eyive pia TTpooTrdBeia TTO0OTIKOTTOINONG TNG
d1aQOPAG TTOU TTAPOUCIAZETAI OTO XPOVO ATTOKPIONG TWV METPNTIKWY YIA TNV ETTITEUEN
MEYOAUTEPNG akpifelag, 6cov agopd Tn OUYKPIoN Twv HEBOdWV. ZUYKEKPIYEVA
O1E€NXONoav apPKETEG CEIPEG UETPACEWY WETARATIKWY QAIVOUEVWY, QUEOUEIWVOVTOG
XElpokivnta TN porj avd@ TAKTA XPOVIKA OI0OTANATA, WOTE VA YiveTal €UQAVAG N
d1a@opdA TOU XPOVOU ATTOKPIoNG TwY dU0 PETPNTIKWV.

Mapakdtw TTapouciGlovTal TPEIG EVOEIKTIKEG OEIPEG TTEIPAMATIKWY  HETPHOEWYV
METARATIKWY QAIVOREVWY. H BIa@opd TWV PETPACEWV AUTWVY EYKEITAI OTO PEyEBOG TNG
auopeiwong TNG TTaPOXNS Kal oTn XPOVIKA diagopd TG KABe aufoueiwong Ye TNV
ETTOPEVN. ZUYKEKPIPMEVA TTAPOUCIAETAl N METPNON TNG PONG KAl TwV OUO UETPNTIKWY
OT0 010 YyPAPNUA WG TTPOG TO XPOVO KAl AUECWS META, TO ypd@nua Twv dIaPopwV
TOUG WG TTPOG TO XPOVO.

Ooov agpopd Ta diaypduuara Twv OlIOPOPWY, TA CNUEIC OTA OTIoIO N KAPTTUAN
TpooeyyiCel To undév, €ival Ta onueia oTa otroia Ta U0 PETPNTIKA CUNPWYOUV 600V
agopd TNV TIUR TNG pong Yacag Tou vepou.

270 OlaypAUUATA TWV Ola@OPWY, UE KOKKIVO avaypAd@ovTal 01 XPOoVIKEC OTIVUEC TToU
oploBeTOUV TIC TTEPIOXEC OTTOU 01 dUO YEBodOoI YETpNoNnNc TNC ponc BpiokovTal KovTd.
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1" Seipd peroNnoswy LUETABATIKWY QAIVOUEVWY
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2XAMa 2.15 Aldypaupa dlagopwy Twv dUO PETPNTIKWY
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2" J€10G UETONOEWY UETABATIKWY QQIVOUEVWV
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2XAMa 2.17 Aldypaupa dlagopwy Twv dUO PETPNTIKWY
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3" J€10G ueTONOEWY UETABATIKWY QQIVOUEVWV
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Ta ammoTeAECPATA TWV PETPAOEWY CUYKEVTPWVOVTAI OTOUG TTOPAKATW TTIVOKEG:

1n Xapd Merpriceov Metafatik®@v

Darvopévev
Xpovikn owagopd | Xpoévog wapapovig
Avéopcioon g mapoymg (It/s) NG OMOKPLGNG TOV |  GTNV TEALLTOLN
000 PETPNTIKAV (S) mopoyn (s)
A6 00g0,2 (avénom xatd 0,2 1t/s) 12,5 158
Am60,20¢0 (nelowomn katd 0,2 1t/s) 12,2 12,7
A76 0 og 0,42 (avénom xatd 042 1t/s) 16 18,0
Am 042 66 036 (mtdon misong 6o Angva zg(‘)X:;"mfgﬁ?mi@ 105
diktvo pe peimon kotd 0,161t/s) T
A6 0,36 o 0 (peiwon xatd 0,36lt/s) 55 6
M£o0c 6pog YPOVIKIS d10Qopdag (s) 11,6
21 Zapa peTpfocmv pPeTafatik®v
PULVOPEVOV
Xpovikn owapopd [ Xpovog mapapovig
AvEopegioon e mwapoync (It/s) TG AMOKPLONG TOV | 6TV TEALLTUIN
000 PETPNTIKAV (S) mapoyn (s)
An600e0,13  (avEnom xatd 0,13 It/s) 12,5 16
A6 0,13 6€ 0,21 (adEnon katd 0,08 1t/s) 16,5 195
A6 0,21 6 0,12 (peiwon katd 0,09 1t/s) 14 18,0
A76 0,12 6 0,28 (avEnon katd 0,161t/s) 12,5 135
Mé£60c 6pog YPOVIKIG dLAPOPES (S) 13,9
3n Zapd perpiocov perafatik@v
Qavopévev
Xpovikn dwapopd [ Xpovog mapapoviig
AvEopeiwon e mapoyng (It/s) TG AmMOKPLONG TOV | 6TV TEALLTUIQ
000 PETPNTIKAOV () napoyn (s)
An600e0,19  (a0énom xatd 0,19 It/s) 13 16
A6 0,19 og 0,34 (avEnon katd 0,15 It/s) 155 175
A7 0,34 6 0,08 (peiwon xatd 0,26 1t/s) 125 145
An60,080e0  (ueimwon xatd 0,08 1t/s) 175 17,0
Mécog 6pog xpOVIKNG dLapopds (s) 14,6

H diagopd oT10 Xpdvo ammokpiong Oev gival oTabepr) Kal CUVETTWS OEv PTTOPED va
METPNOEI akpIBWG, KaBWG ayvoouvTal BaCIKOi TTAPAUETPOI, Ol OTTOIOI OXETICOVTAI PE TN
ociypaToAnyia kai 1o Xpévo emecepyaaiag Tou GE pt878 mipiv pag dwaoel TNV TEAIKN
Tou TIUA. MNapatnpolpe 6T N dla@opd aTnv atroKpIon £¢apTaTal aTrd 10 PEyeBog TNG
auéopeiwong TNG PonG. Zuykekpiyéva OTav n augouciwon eivar pikpry (0,08 kai 0,09
It/s) Trapartnpeital peyaAutepn Slagopd otnv amokpion (17,5 i 16,5 kai 14 s
avTioToixa). H Tiuf Twv augoueiwoewy autwy BpIioKeTal MO KOVTIA aTnv guaiodnaia
TOU poodpeTpou. Emiong, emdpd o xpOvog TTAPAPOVAG O€ pia oTabepn TIPA TTPIV TV
emopevn alayn TG pong. Ztnv 1" oeipd PETPAOEWY, UTIAPEE aTTOTOUN TITWON TNG
Tapoxng Tou dikTuou aTta 0,36 It/s kai n otroia dinpknoe 10,5 s. H Tapoxn autr &ev
QVIXVEUTNKE ETTITUXWG aTTO TO POOUETPO. 2€ KABe TTepiTrTwon n diagopd oTnv
aTTOKPION TWV UETPNTIKWY, EeTTEpVAEl Ta 10s.
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O xpdvog atrékpiong dev KpiveTal 1I01AITEPA ONUAVTIKOG Yia TIG OIKEG pag avdykes. H
POI] TOU KAUGIKOU TWV VAUTIKWY KIVATAPWY, OV TTAPOUCIACEl CUVEXEIGC AUEOUEIWTEIG
AOyw TNG dlatApNOoNG evog oTaBepol @opTiou yia peydAa xpovikd diacthpara. Ol
QUEOMEIWOEIG AUTEG Eival CUVTOMES Kal OEV 00NYyoUV € JEYAAEG ATTWAEIEG VIO PIEYAAO
XPOVIKO 0pifovTa PETPOEWV.

Merpnocsic Twyv amokAioswy (drift) Tn¢ duvauokuwéAng

H OduvapokuwéAn omnpifstar  otnv  Texvoloyia Twv  mMECOKPUOTAANwWY. Ol
meCOKpUOTAANOI avoAOyws ME TIC OUVONAKEG Trieong  kKal Beppokpaciag Tou
TEPIBAAAOVTOG, ATTOKTOUV QopTio (0 pC) TO OTTOI0 PETAPPACETAI OE HIO £TTIOPACN
ota N TnG pETPNONG Kal Kar €TéKTAon oTa Kg. ZUuveTmwg ol TTEPIBAAAOVTIKEG
OuVOnKeg NG ToTToBeTiag die¢aywyng Tou TTEIPANATOS £TTNEEACOUV TIG JETPAOEIG ATTO
TN SuvapoKUWEAN Kal 0dnyouv o€ attokAioelg (drift) auTtwv atTd TIG TTPAYHOATIKEG.

Eteidf pag evdia@Epouy ol dIaQopEG PETALU dUO PETPROEWY PAZAG yia TV £Caywyn
NG PoNng, n €midpacn Tou drift eival pikpr). MNMapdAo autd TTpiv atmd kKABe péTpnon g
PONG Kal dIoTNPWVTAG TNV TIOPOX TOU VEPOU KAEIOTH, YIvVOTavV WETPNON TWV
atrokAicewv autwv (JE xprnon Tou ‘Force Link’.VI).

27N OUVEXEIQ Kal JE TNV TTAPOXI vEPOU Tou BIKTUOU avoixTr], Af@énkav PNETPAOEIC TNG
pongG Hacag vepol pe XPAON TNG OuvapokuwéAng. TEAog, Eyive avaywyr Tng
eTidpacn¢ Tou drift TTou PETPABNKE VWwPITEPA, OTO PECO OPO TNG PONG WAalag Trou
METPNBNKE OTN CUVEXEIQ.

2TOX0G ATAV va TTPOoCEeyyIoBel Katd To duvaTtd, TO OPAAUA TTOU TTPOEPXETAI ATTO TO
@aivopevo autd. O1 Tmapakdtw OeIpEG PeTpriocwy dIegnxbnoav oe OIaPOPETIKES
NUEPES  YIO TN OQAIPIKOTEPN  MEAETN  Twv  OTTOKAICEWV, O€  OIOPOPETIKEG
TePIBAANOVTIKEG TUVORKEG Kal TRV £TTIOPACH AUTWY OTO OPAAUA TNG PETPNONG.

MNapouaoidlovTal KATToIa VOEIKTIKG OlaypduuaTta Twv amrokAioswv TnC Kistler 9331B.

1" nuépa TTEIPAUATIKWY LUETPNOEWY - 17/03/2014
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-0.0005 DO—120

e Drift
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-0.0015 - v

-0.0025

Xpovocg (s)

>xAua 2.20 Aiaypappa atrékAiong, Drift, avnyuévng otn por pagag

Méoog 6pog Tou Drift: -0,0002Kg/s
Méoog 6pog Twv PETPACEWY TNG PONG vepoU atrd Tn duvapokuwéAn: 0,131Kgls
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Emidpaon tou Drift otn yéTpnon atrd TN SUVANOKUWEAN:

2" nuépa meipauaTiIkKwy UsTpnoswy - 18/03/2014

|-0,0002 |
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60
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Pon Madag (Kg/s)

-0.0015

-0.0025

Xpovog (s)

e Drift

2xAua 2.21 Aidypaupa atrékAiong, Drift, avnyuévng otn pon palag

Méoog 6pog Tou Drift: -0,0007Kg/s
ME£oog 6pog TwV PETPAROEWYV TNG PoNG vePoU atrd Tn duvapokuwéAn: 0,135 Kg/s

Emidpaon Tou Drift otn pétpnon ammd tn duvapokuwéAn: 0,52%

3" nuépa meipauaTikwy UeTpRoswy - 19/03/2014
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-0.0015
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Xpovog (s)

e Drrift

ZxNpa 2.22 Aidypappa atmokAiong, Drift, avnyuévng otn por padag

Méoog 6pog Tou Drift: -0,0004Kg/s
ME£oog 6pog Twv PETPAROEWYV TNG PONG vEPOU aTtrd Tn duvapokuwéAn: 0,121Kg/s

Emidpaon tou Drift otn péTpnon amo 1 duvapokuwéAn: 0,33%



4" nuépa mEpaUATIKWV UETPAoEwWYV - 20/03/2014
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Pory M&Zag (Kg/s)

-0.0015 -

-0.0025

Xpovog (s)

2xAua 2.23 Aidypaupa atrékAiong, Drift, avnyuévng otn pon palag

Méoog 6pog Tou Drift: -0,0002Kg/s
Méoog 6pog Twv PETPACEWY TNG PONG vePoU atrd Tn duvapokuwéAn: 0,126Kg/s

Emidpaon tou Drift otn péTpnon amo mn duvapokuwEAn: 0,16%

5" nuépa meipauaTIKWy UETPATEWY - 21/03/2014
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Por) Madag (Kg/s)

-0.0017

-0.0027
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2xAua 2.24 Aidypaupa atrékAiong, Drift, avnyuévng otn pon palag

Méoog 6pog Tou Dirift: -0,0006Kg/s
Méoog 6pog Twv PETPATEWY TNG PONS vePOU atrd Tn duvapokuwéAn: 0,120 Kg/s

Emidpacon tou Drift otn pétpnon amd 1n duvauokuwéAn: 0,50%
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2TOV TTAPaKATW TTiVAKA TTAOPOUCIACOVTal TA ATTOTEAECUATA TWV TTOPATTAVW

METPAOEWV:
Hpépa Awf;ray(oyﬁg G)SPHOK[)(I,Gi(l Eniﬁp(m’n Tov Drift 6t !lS’TpI]GI] Mapamnpriceic
Hewpaparov gpyaoctnpiov amé TN duvapokvyEAN
1n nuépa (17/03/2014) 18,0 °C 0,15% -
2n nuépa (18/03/2014) 17,5 °C 0,52% -
3n nuépa (19/03/2014) 18,2 °C 0,33% Mimhdoio
4n nuépa (20/03/2014) 17,3 °C 0,16% SetyuatoAnio
5n nuépa (21/03/2014) 17,9 °C 0,50% oto VI

Mapatnpouue Om n midpacn Tou drift TNG dUVOPOKUWEANG KUMaiveTal ag XaunAd
etrimeda £éwg 0,50% TrepitTOU.

2.4.2 21aTioTIKEG HEOOBOI OUYKPIOoNG Kal a§IoAGYNOoNG ATTOTEAECUATWYV

MNa

™ oUykpion Twv OU0 OJIaQOPETIKWY HEBGdWV pETPNONG TNG PO,

xpnoigotroimnénkav  Paoikég EvvoleG TNG  OTATIOTIKAG KOl  OTOTIOTIKEG  UEBODOI
ouyKpIong Kal agloAdynong aveaptnTwy SelyuAaTwy.

ApXIKG avaTrapaoTddnkav oTo idlo didypappa ol evoegigelg yia Tn pon Tou GE
pt878 kai Tng duvapokuwéAng Tng Kistler, 9331B.

21N ouvéxela TTapatddnkav 1o dIdypaupa TNG ammOAUTNG TIMAG TwV dIaQopwv
TTPOG TNV TTPOTUTIN PETPNON (METPNGON aTTd TN SUVAUOKUWEAN).

EmmAéov kaTaokeudoTtnke TO dIdypaupa SIaoTropds Twv OU0 PeBSdWY
METPNONG KAl UTTOAOYIOTNKE O OCUVTEAEOTHG YPANMIKNG CUOXETIONG.

TENOG, yia Tnv KaAUTEPN oUyKpion Twv dUo PEBGdWY, XpnOIuoTroINdnkav Ta
dlaypdupaTta Bland-Altman (Bland JM, Altman DG. (1986). Statistical
methods for assessing agreement between two methods of clinical
measurement).

Baoika orarioTika pugy£6n

OpiCovtal o1 HEOEG TIMEG, TWV PETPAOEWV WG:

X = inzlxi Y = ZinzlYi
n n

otou Xj, Y;: ol yeTpAoeig atmo 1o GE pt878 kai Tnv Kistler 9331B avrioToixa,

N: 0 GPIBUOG TOU BEIYHATOC TWV PETPROEWY

O1 TUTTIKEG aTTOKAIOEIG OpidovTal WG:

S _\/Z:in—l(xi_)z)2 S — Zin:l(Yi _Y_)z
o n-1 CY V n-1
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Aiaypauuara Aiacmopdg kai ZuvreAeoTAS IpapuikKAS ZUoxXETions

210 dlaypdupata diaoTropds opifovral otov dgova Y ol petproeig amo 1o GE pt878
kal otov agova X ol ueTproeig atd Tn duvapokuwéAn 9331B. Z1a diaypdupara autd
eCeTAdeTal N OXEON PETAEU Twv OUO PETABANTWY. ZUYKEKPIYEVA EEETACETAI N YPAMMIKNA
TOUG OX€EON, XPNOIMOTTOIWVTAG TO OUVTEAEOTH] YPAMMIKAG OUuoXETIoNg (correlation
coefficient).

Avo Tuxaieg PETABANTES (T.W.) X KAl Y PTTOPEi va  OCUOYXETICOVTAI PE KATTOIO TPOTTO.
AuTo oupBaivel étav eTTNPEAdel n yia TV AAAN, f av dgv aAAnAoettnpeddovTal, OTav
eTnpeddovtal Kal o ®Uo amo ia GAAN petaBAnT. Me Tn OTATIOTIKA TEXVIKN TNG
ouoxéTiong (correlation) emmituyxdvoupe Tov TTPOCdIOPIOUS TNG OXEONG TTOU CUVOEEI
TIG BUO WETAPRANTEG, UTTOAOYICOVTAG TNV TIMI TOU CUVTEAECTH YPOUMIKAG OUOXETIONG.
O ouvTeAEOTAG YPAMMIKAG CUOXETIONG opiletal oTo didoTtnua [ -1, 1]. OeTIKA TiuA ToUu
OUVTEAEDTH, onuaivel 6T ol dUo PeTaBANTEG Teivouv va peTaBaAAovTal TTpog Tnv idia
KateuBbuvon, dnAadr pe avénon Tng METABANTAG X TTapaTnpeital kal avénon Tng Y.
AvTiBeTa, apvnTikr TIMA onuaivel 0TI oI YETAPBANTEG  KIvoUvTal TTPOG ThV QvTIOETN
kateuBbuvan, &nAadn pe auénon Tng X Traparnpeital yeiwon g Y. Oco peyaAuTepn,
KATd atTéAuUTO, €ival N TIUA TOU OUVTEAEOTH YPAUMIKAG CUCXETIONG, TOOO 1I0XUPOTEPN
gival n ypouuIKA oxéon TTou ouvdéel TIG dUO PETABANTEG.

Mikpr TINF} TOU CUVTEAEOTH YPAUMIKAG CUOXETIONG O&V CUVETTAYETAI [N CUCXETION,
OANG TN PN YPOUUIKA OUOoXETIoOn Twv OUo petaBAntwy. Eival, dnAadr, duvartév va
UTTAPXEI MEYAAN WN YPOUMIKA ouoXETion. O utToAoyIONOG TOU OUVTEAEDTH £XEl vOnua
oe dlaypaupaTa dIOOTTOPAG ME OXAMA ETTIMAKOUG KEKAINEVNG EAAEIWNG Kal OXI O€
olaypdupaTa he JEYAAn dlaoTTopd onueiwy OTToU 0 CUVTEAEOTAG Ba BpPioKETAl KOVTA
oTo 0.

2TNv TTapoUoa £pyacia XPNOILOTIOIEITAI O CUVTEAEOTAG YPAPUIKNAG OUOXETIONG TOU
Pearson (Pearson Correlation) o otroiog uttoAoyiCetal atré Tn oxéon:

06— X0 -)
\/Zin:l(xi -X)’ \/Zin:l(Yi -Y)?

AgiCel va onueiwBei 0TI n TIUA TOU CUVTEAEOTH CUCYXETIONG UWPWHEVN OTO TETPAYWVO
(r?) ekppdalel T0 TTOO0OTO NG dlokUpavong (aAAayéC otnv TiWA) TG Y PeTaBANTAS
TToU pTTopEi va TTPoBAe@Bei amd Tn diokuuavon TG X peTaBAnTAG. MNa mapddeyua,
av 0 CUVTEAEOTAG ouoXETiong éxel uttoloyioTei o€ r=0.80, TOTE TO 1°=0.64=64% TwV
aAaywv NG Y PeTaBANTAG PTTopEi va TTPoBAe@Bei atrd TIG aAAayég oTnv X JeTaBANTA
[16].

r =

O OUVTEAEOTAG YPAUMIKAG CUOXETIONG, I, €ival BEIYUATIKOG KAl ATTOTEAEI EKTIUNON TOU
TTANBUCOUIAGKOU CUVTEAEDTH YPAUUIKAG CUOXETIONG P. ZUVETTWG Ba TTPETTEI va eAeyXOEei

Kal va diaTmoTwOEl av n agloTmoTia Tou €ival IKavVOTTOINTIKN.

YmoAoyietal n oTdBun eummoTtoouvng N aANiwg  TIMA P [17]. H P exk@pdadlel tnv
mOaAVOTNTA N OTTOINdNTIOTE EVOEIEN TNG CUOXETIONG TwV OUO PETARANTWY va OQEiAETal
otnv Tuxaia dciypatoAnwia. ‘ETol, emAEyeTal WG APXIKA UTTOBECN N CUOYXETION VO
oQeileTal oTnVv TUXaia delypaToAnwia. Av n Ty NG mMBavoTnTag P gival PIKpOTEPN
atmé 0,05% T16TE N apxik utmdBeon ATav AavBaopévn Kal CUVETTWG N YPAMMIKA
ouoxéTion dgv o@eieTal oTnv Tuxaia delypatoAnyia. To mooooTd 0,05% atroTteAei T
o1a0un aglomoTiag n otroia cupPoAiletal pye a. H Ty P utroAoyietal atmd 10
TTPOYPAPUA OTATIOTIKAG £TTEEEPYaTiag dedopévwy, MedCalc.
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Emiong utroAoyiceTal kal To 95% BIa0TAPATOG EPTTIOTOOUVNG Yia Tov r. MpdkeiTal yia
T0 dIdoTnNUa yia TO OTToio eipaoTe aiyoupol he mOavotnTa 0,95 Om TrepIEXEl TNV
TIPOYMOTIKI TIUA TOU CUVTEAECTR YPOAUMIKAG cuoxETIoNG r (dnAadr Tov p) O TpoTTOG
uTToAOYIOMOU TOU OIACTHAPATOG  €UTTIOTOOUVNG yIA TOV I TTEPIYPA@ETAI  OTO
NAPAPTHMA I

Madli pe Ta dlaypdupaTta SlaoTTopds KABe CeIpdg HETPACEWY, avaypa@ovTal O€
Tivaka OAa Ta aTTaPQITNTa OTOIXEIO TTOU OXETICOVTOI PE TO OUVTEAEDTH YPOUMIKAG
OUOXETIONG.

Aiaypauuara Bland-Altman

Me TO OuvTEAEOTH YPOUMIKAG CUOXETIONG, MTTOPOUME va SIOKPIVOUNPE TTO0O0 10XUPN
gival n oxéon TToU PEPETAl VA GUVOEEI TIG METPNOEIG TWV OUO PETPNTIKWY. AduvaToUle
OMWG va KataAdBoupe Kal va TTPoodIopicoUlE TO PEYEBOS TNG CUPPWVIaG PETALU
TWV PETPAOEWV. ETITTPOCcBETWG dev Pag diveTal Kapia TTAnpo@opia yia TIG dIoPopES
MeTOEU auTtwyv. ETTiong, n ocuoxETion TTPOKUTITEI ATTO TO CUVOAO TWV BEIYHATWY TWwV
OUO METPNTIKWY XWwpPic va divovtal TTANPOQYOPIEG OXETIKA WE TNV €TTidpACN TOU
MeyéBoug Tng pétpnong Tng pong (ot Kg/s) otnv TeAIKA TIWAR TTou AauBdavel o
OUVTEAEOTAG. A TNV OTTOTEAEOUATIKOTEPN OUYKPION METALU Twv OU0 HEBOdWV
METPNONG Kal yIO TOV KAOAUTEPO EAEYXO TNG CUMQPWVIOG auTwy, XpnoiuoTroindnkav Ta
olaypdupata Bland-Altman.

Ta diaypdupara Bland-Altman, 3 diaypduuara Twv dla@opwy, atroTeAouv dia
yPaQIkr] MEBOGO yia Tn OUyKpIon METPNOEWV ammd OUO0 OIaPOPETIKES HEBGDOUG
METPNONG.

-ZTov opifovTio dafova X ToTroBeTEiTal n TN TOU HEOOU Opou KABe Ceuyoug
METPAOEWV TwV dUO HPETPNTIKWY, EVW OTOV KABETO Aova Y TOTToBEeTEITAI N TIMA TNG
O1aQOoPAG TouG (UTTOPET va gival EKQPACHEVN KAl WG TTOCOOTS ETTi TOIG EKATO TTPOG TNV
€KAOTOTE TIUA TOU PEooU Opou Tou KABe Celyoug).

-210 dldypappa ToTToBETEITAI Hia OpPICOVTIO YPAUMN TTou deixvel TO PEdo Opo TwV
dlagopwyv, d, ekQpPoouévo WG TTOCOOTO €T TOIG €KATO. H ypopun auti pag
TTANPOQOPEI OXETIKA PE TO CUCTNUATIKO OQAAPA PETALU TwV U0 pEBGdWY PETPNONG.
Av n euBcia autr) Bpioketal kovtd oto 0 (dnNAadr) 0 PECOG OPOG TWV BIAPOPWV
BpiokeTal kovtd oT1o 0), TOTE dEV £XOUNE CUCTANATIKO CQAAUA.

-Exovtag opioel wg SD (Standard Deviation) Tnv TUTnIKA ammokAIon Twv dl0QopwY,
TotroBeTOoUVTAI OTO SlAypauua dUo opIfovTieg ypauuég (limits of agreement) o1 oTroieg
oploBeTouyv TIG atmrooTdoelg 1,96SD kai -1,96SD atrd 10 p€0o 6pO Twv dIAPOPWV TOU

KGBe Celyoug petprioewv, d . Av ol dIaQOPEC TV PETPATEWV TwWV dU0 PEBAdWY

akoAouBouUv Kavovikry katavopr, Téte 10 95% autwy, Ba Ppiokovtal YETALU auTwv
TWV OpiwV.

-EmmAéov, oTto didypaupa TotroBeTEiTal KOl N ypauu TTaAivdépdunong (regression
line) Twv diagopwv. Xpnaoiyelel yia TNV eaywyn CUPTTIEPACUATWY TTOU OXETICOVTAI YE
N METAPBOAR Twv dlagopwy ae oxEon PE TNV avénon 1 Tn Peiwon Tou péocou 6pou
TwV dUo PETPoEWV (0pICOVTIOg agovag X).

Ta dlaypdupata autd PHag EVUEPWVOUV YPAPIKA YIa TA TTOIOTIKA XOPAKTNPIOTIKA TwV
dlagopwyv TTOU TTapoucialouv ol WETPAOEIS Twv OU0 peTpnTiIkwy. Exel peydAn
onuacia av ol ypauuég TTou oploBeTouv TIG atrooTacelg 1,96SD kai -1,96SD atrd 10

péoo 6po d armoTeAolv éva aTrodekTd OpIo ATTOKAIONG.
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Av 10 6pI0 auTo gival aTTodekTO TOTE 01 BUO PEBOSOI HETPNONG BewpouvTal Icoduvaua
QagIOTTIOTEG KAl PTTOPET va XpnolpoTroindei n pia avti Tng GAANG. Idiaitepn onuacia €xel
KAl O XWPOG CUYKEVTPWONG TWV HETPROEWV.

2.4.3 ZuykpITIKA Alaypdupata poRg oTnv poTuTrn didtagn

To eUpog TTapoxwyv Tou egetdoTnke ATav ammd 0,11 éwg 0,14 Kg/s Trepitou. lNa
mapoxn MIKpoTepn amd 0,11 Kg/s, 10 Siktuo Tng EYAAI eu@dvile peyaAeg
QUEOUEIWOEIG OTN PON ME ATTOTEAEOHA Kal AOyw TNngG dIa@opds oTnv atrokpion Twv
METPNTIKWY, va unv egdyovial ac@alni cuptrepdopaTa. ETTITAéov, yia TTOPOXEG
peyaAuTepeg atd 0,14 Kg/s, n trieon otn €000 Tou vepPoU GTo BOXEIO TNG TTPOTUTING
o14Tagng, OnuioupyoUuce ONPOVTIKEG avaTtapdelg. AuTd €ixe w¢g amoTéAeoua va
ETTNPEEACeTal 0 OoNPavTIKO PaBud n pérpnon atmd Tn duvapokuwéAn Adyw Twv
TaAavTwoewyv Tou doxeiou. Mapdti n Tapoxn OlaTnpouviav ot OTabepd @opTio,
TTPOKTIKG TTapoucIdlovTav PIKPEG QUEOUEIWTEIC GTN POT).

AleENxOnoav TTOANEG PETPAOEIS oTNV TTPOTUTIN dIATAEN KAl TTapouciadovTal ol TTio
QAVTITTIPOCOWTTEUTIKEG. ZUYKEKPIMEVA TTAPOUCIACOVTAI TECOEPIG OEIPEC WETPACEWV Ol
OTTOIEG TTPAYHATOTTOINBNKAV O TECOEPIG DIOCPOPETIKEG NUEPES KAl dlApopoTToIouVTal
WG TTPOG TO YOPTIO TNG TTAPOXNAG, EVW OTNV TETAPTN CEIPA XPNOIUOTTOINONKE SITTAGCIO
Time_Interval oTto VI.

17 ggipd mEIpQUATIKWY UETPNOEWYV - 17/03/2014

0.130 Mw

7 per. Mov. Avg.

Pory MaZag (Kg/s)
o
[
N
o

(GE pt878)
0.115
0.110 7 per. Mov. Avg.
(Kistler 9331B)
0.105
0.100 T T T )
0 20 40 60 80

Xpovog (s)

2xAua 2.25 Aidypaupa porg nalag vepou Twv dUO UETPNTIKWY OTNV TTPOTUTIN
didraén
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Méoog 6pog Twv diapopwv: X =0,52% .

0133

0132 |-

0,131 =

GE_pt878 (Kg/s)

0,130 |-

0'129 1 1 1 1 1 1 1 1

0.128 0,129 0.130 0,131

Kistler_9331B (Kg/s)

0,132

0,133

0,134

2xAua 2.27 Aidypaupa diacTropds Twv dU0 PEBGdWY Kal YPAP U TTaAIVEpOunong
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MetaBAnTq Y GE pt878
MeTaBAnTA X Kistler 9331B
Ap18uog AsiypdTwv 70
2uvteAeoTAG ZuoxéTiong Pearson, r 0,82
ZuvteAeoTAG I? 0,67
Z1d0un ASlomioTiag P<0,0001
95% AlaoTAparog Epmiotooldvng yia to r 0,719 £€wg 0,882

Maparnpeital TTOAU 10xUpr Ypauuik cuoxétion (r=0,82) ye 1o 67% Tng dlakupavong
TWV PETPAOEWY atTd To GE pt878, va ptropouv va mTpoBAe@Bouv atrd Tn diakliuavon
TWV PETPAOEWV 0T duvapokuwéAn Tng Kistler, 9331B.

1.5F (@]
Q +1.96 SD
1,22
= 10 o) 6 @
o o .,9"
= .
5 © 0" 08
3: 05} o O ’_.,-' 9]
= o ] o
o & - P°
e o © 7 o
W 00 o) 0 C Q. o o Mean
o - 0,
: O o @,@ o 0,04
z oo 0 o
© -
2 051 o 0 B g, o
h| T @]
< e
£ - @] %g
= -1.0F Qo
o
-1.96 SD
""" e —
O - 1
1.5 . 1 . 1 . | . | . 1
0,129 0,130 0,131 0,132 0,133 0,134

Mean of Kistler_9331B and GE_pt878
ZxNua 2.28 Aiadypaupa Bland-Altman yia tn oUykpion Twv 800 peBGdwyY PETPNONG

A6 10 diIdypauua Bland-Altman dia@aivetal n ammousia ocuoTnuaTtikou o@AAPATog
KaBwg 0 Péoog 6pog Twv dlagopwyv BpioKeTal KOVTE OTO PNOEV KAl CUYKEKPIUEVA OTO
-0,04%. Zxedbv OAeG o1 YETPAOEIG PBpiokovTal EVIOS TwV opiwv 1,96SD kai -1,96SD
(1,22% ka1 -1,29% avTioToixa) evw 0 HEYOAUTEPOG OYKOG Onueiwv Bpioketar oTo
didotnua £0,60% . Ta 6pia autd KpivovTal IBIITEPWS IKAVOTTOINTIKA KAl UTTOPOUNE Va
oupTrepdvoupe 611 o1 dUo PEBodOI PETpNong TNG PONG Ppiokovtal TTOAU KovTd. ATTO Tn
ypapun maAivdopéunong (HwB  diakekoppévn)  dlo@aivetar  pia  avaAoyia  Tou
OQAAJOTOG HE TO WEyeBog Tou péoou O6pou Twv peTpoewv (GEovag X). To
meavoTePo gival, N Taon auThi va oeileTal otn dia@opd TnG aTTéKpIong Twv dUOo
METPNTIKWYV. H diagopd oTnv atmékpion €mOPA OTIG PETPNOEIS KaBWG TO OiKTUO
EPPAVICEI TTOAU PIKPEG QUEOUEIWTEIG OTN PO 01 OTTOIEG avIXveUovTal OTIyUIaia aTTd Tn
duvapoKUWEAN aAAd OxI Kal aTTd To poOPETPO TNG GE.

49



2" ggIpd TTEIDAUATIKWY UETPNTEWY — 20/03/2014

0.145

0.14

0.135 M

0.13

0.125 @/ per. Mov. Avg.
(GE pt878)

0.12

Por} Madag (Kg/s)

0.115

a4 per. Mov. Avg.
(Kistler 9331B)

0.11

0.105

0.1 T T T 1

0 20 40 60 80
Xpovog (s)

2xAua 2.29 Aidypaupa porg Halag vepou Twv dUO UETPNTIKWY OTNV TTPOTUTTN
diaraén
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Xpovog (s)

2xAua 2.30 Aidypaupa TG amméAuTng TIWAG Twv SIAQOPWY WG TTPOG TNV TTPOTUTTN
METPNON

Méoog 6poc¢ Twv diagopwyv: X =0,51% .
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GE_pt878 (Kg/s)

0,138 |-

0,137

0,136

0,135

0.134 |4

0,133 0,134 0,135 0,136

0,137 0,138

Kistler_9331B (Kg/s)

0,139

2xAua 2.31 Aidypappa diacTropds Twv dUo PEBOdWY KAl YPAPun TTaAIvEpounong

MeTaBAnTR Y

GE pt878

MeTaBAnTA X

Kistler 9331B

Ap1O0p6g AsiypdTwyv 59
2uvteAeoTAG ZuoxéTiong Pearson, r 0,87
ZUVTEAEOTAG I? 0,76
Z1a0un ASlomioTiag P<0,0001

95% AlaoTApaTog Eprioroodvng yia To r

0,792 €wg 0,922

2€ QUTH TN oe€Ipd PETPNOEWV N YPAMUMIKA OUCXETION TWwV METPAOEWV Twv OUOo
METPNTIKWYV €U@aVICETal akOun 1o 1oxupn. H ypauul maAivopdpnong (regression

line) Twv duo peTaBAnTwy TTpooeyyilel e¢icwaon TNG HOPYPRS Y =aX.
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ZxAua 2.32 Aidypaupa Bland-Altman yia tn aUykpion Twv dUo peBOdwv pETpnong

210 didypauua Bland-Altman Ttapartnpeital kar TTAAI N atmmoucia CuCTNUATIKOU
0@AAuaTOG KABwWG 0 pECOG Opog Twv dlapopwyv BpiokeTalr o1o -0,08%. Ta 6pia Twv
1,96 ka1 -1,96 €17 TNV TUTTIKI] ATTOKAION, EUPAVICOVTAI AKOPN HIKPOTEPO KAl JTTOPOUUE
va CUPTTEPAVOUNE OTI EUPAVICETAI IKAVOTTOINTIKI) CUP@WYVia PETAEU Twv U0 PHEBOdWY
METPNONG TNG PONG. ZTN OUYKEKPIYEVN CEIPA YETPACEWY, N YPAMMN TTaAIVOPOUNoNG
ed@aviceTal Ye MIKPOTEPN KAION KOl UTTAPXEI MIKPOTEPN YPOUMIKA OUOXETION TWV
olapopwyv Pe To PECO Opo KABe Celyoug peTprioewv. MBavwg 10 OIKTUO TTAPOXNG
vepoUu va PBpiokdtav o€ oT0BePOTEPN KaATAOTAON KOTA Tn  OlEgaywyn Tng
OUYKEKPIUEVNG CEIPAG UETPHOEWV.
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3" ggipd TEIPAUATIKWY UETPAOEWY — 21/03/2014

Por) MaZag (Kg./s)
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2xAua 2.34 Aidypaupa TG amméAuTng TIMAG Twv dIaQopwV WG TTPOG TNV TTEOTUTIN
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Méoog 6pocg Twv diagopwyv: X =0,52%
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2xAua 2.35 Aidypappa diacTropds Twv dUOo PEBOdWY KAl YPAPUR TTaAIvVEpoOunong

MeTaBAnTR Y GE pt878
MeTaBAnTn X Kistler 9331B
Ap1O0p6g AsiypdTwyv 65
ZuvTteAeoTAG ZuoxéTiong Pearson, r 0,49
2UVTEAEOTAG 12 0,24
Z1a0un ASlomioTiag P<0,0001
95% AlaoTAparog Epymioroodvng yia 1o r 0,275 £€wg 0,653

2TN OUYKEKPIYEVN OIpd PETPAOEWY TO TTAGTOG Tou 95% OI100TAPATOG EUTTIOTOCUVNG
(0,378) cival apkeTd peyGAO Kal CUVETTWG N EKTIUNON Tou r (yia Tov TTANBUOUIOKO
OUVTEAEOTH OUOXETIONG P) Oev €ival TO iBI0 IOTTIOTN PE TIG TTPONYOUNEVEG OEIPEG
peTpoewv. Epgavietal péon cuoxETion HETAU Twyv OU0 WETPNTIKWY KAl aiyoupd
TTOAU aoBevéaTepn 0€ OxéOn ME TIG TIPONYOUUEVEG OEIpEG YETPriocwy. Maparnpeital
MEYOAUTEPN DIACTIOPA TIHWY YUPW OTTd TN YPOUM TTAAIVOPOUNONG evw dlagaiveTtal
0T 10 24% Twv aAaywv oTn pérpnon Tng porg amd 10 GE pmmopouv va
TTPoBAe@OoUyV atrd Tn dlakupavon Twv YeTpAoewy aTtd Tnv Kistler 9331B.
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2xAua 2.36 Aidypaupa Bland-Altman yia tn ouykpion Twv 800 peBddwy péTpnong

210 O1dypapua Bland-Altman o péoog 6pog Twv diagopwv Bpioketal oto 0,12%,
TT0000TO OxI IKAvO yia TNV avadeitn KATTolou cuoTnUaTIKOU o@AaAuaTog. Ta épia Tng
TUTTIKAG ATTOKAIONG TWV dIAPOPWY KPIivOVTal IKAVOTTOINTIKA XOUNAQ PE CUNTTEPAOUA
TNV KOA OUuP@wvia HETAEU Twv PeEBOdwY pétpnong. H ypaupn tmaAivopdunong
UTTOOEIKVUEI TNV avaAOYia TOU OQPAAPATOG O€ OXEON HE TO EUPOG TOU NECOU OPOU TWV
dIaQOPWYV TTOU OTTWG TTPoavVAPEPBNKE TMOAVWGS va OPEIAETAl OTNV apyoTTopnuévn
atroKpIon Tou podueTpou TnNG GE.
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4" geipd TEIDAUATIKWY UETPAOEWY — 19/03/2014

2Tnv  €TOMEVN  OEIPA  METPOEWV  XPNOIUOTTOINBNKE  MIKPOTEPO  OIdoTNUA
(Time_Interval) oto VI Tng LabVIEW vyia Tnv €€aywyr Tou puBbuou ueTaBoAng porg

padag (Kg/s) atrd 1n duvapoKuwEAn.

0.13

0.125

0.12 _M

0.115

@9 per. Mov. Avg.
(GE pt878)

Porl Magag (Kg/s)

a9 per. Mov. Avg.

0.11

0.105

(Kistler 9331B)

0.1 T T T T

Xpovog (s)

0 20 40 60 80

100

2xAua 2.37 Aidypaupa pong Halag vepou Twv dUO UETPNTIKWY OTNV TTPOTUTTN

diaraén

Awadopd petaf pedodwv (%)

Xpovog (s)

60 70 80 90

>xAua 2.38 Aidypappa TG atroAuTNG TIMAG TWV dIAQOPWY WG TTPOG TNV TTPOTUTTN

HETPNON

Méoog 6poc Twv diagopiyv: X =0,88% .
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0,123 |-

0122 |-

0,121 |-

GE_pt878 (Kg/s)

0,120 |-

0119 _I 1 | 1 1 1 1

0117 0.118 0.119 0,120

0.121

0,122 0,123

Kistler_9331B (Kg/s)

0.124

0,125

2xAua 2.39 Aidypappa dIacTropds Twv dUOo PEBOdWY KAl YPAPUR TTaAIvEpounong

MeTaBAnTR Y GE pt878
MeTaBAnTn X Kistler 9331B
Ap1Op6g AsiypdTwy 161
ZuvTteAeoTAG ZuoxéTiong Pearson, r 0,46
2ZUVTEAEOTAG I? 0,21
Z1a0un ASlomioTiag P<0,0001

95% AlaoTAparog Epymioroodvng yia 1o r

0,326 £wc 0,572

21NV 4" oeIpd PETPACEWY TO TTAATOG Tou 95% SiaoTAuaTog eutTiIoTOooUvVNG gival 0,246
OUVETTWG Kal TTEAI N ekTiNoN Tou r &gV gival TO id10 agIOTTIOTN 0€ OXEON UE TIG TTIPWTEG

OUO O€IPEG HETPACEWV.

O1 perprioeig ammo 1o GE pt878 kai tnv Kistler 9331B 1rapoucialouv p€on CUOXETION
(ouvteAeaTtric Pearson — r=0,46) pe 10 21% (r?) TNG CUMTTEPIPOPAS TWV PETPATEWY
atré 10 pt878 va egnyouvtal atmd 1n cupTtrepipopd TnG 9331B. AgiCel va onueiwbei OTI
TO Otiyua OTn OUYKEKPIUEVN CEIPA MWETPOEWV atroTeAsital atd OITAAGCIo apiBud

onueiwv.
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Mean of Kistler_9331B and GE_pt878

2xAua 2.40 Aidypaupa Bland-Altman yia mn ouykpion Twv 800 peBddwv péTpnong

A6 10 diIdypaupa Bland-Altman diagaivetal n TTavieAAg aTTousia cuoTnUATIKOU
OQ@AAUATOG KABWGS 0 PHETOG OPOG TwV dlagopwy eival akpIBWG 0%. ZUYKPITIKA JE TIG
TTponyouueveg oeipég Ta Opia 1,96SD kai -1,96SD Bpiokovral o€ peyaAluTepn
amméoTaon atmmd 10 PEoo Opo. MNap’ dAa autd, TTapatnpeeital 0TI 0 PeyaAUTEPOG OYKOG
TWV dlopopwyv BpiokeTal etagl Tou +1% , 6pio TTou uTroypappicel 0TI ol dUo PéBodol
METPNONG TNG por¢ BpiokovTtal o€ TTOAU KA cupgwvia. H ypapuni maAivopdunong
Oev gu@avidel KATTOIO KAION KAl OUVETTWG 01 SlaQopEég dev OXeTICovTal PE TO HEGO OpO
KABe CeUyOUG UETPHOEWV.
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2.4.4 MevIKA CUPTTEPAOCHOTA ETTI TWV HETPAOEWV

Ta atroteAéopaTa TWV TECOAPWY CEIPWYV PETPAOEWY TTOU EEETACTNKAV TTAPATIAVW,
OUYKEVTPWVOVTAI OTOV TTAPAKATW TTiVOKA:

1 - 5 - - a -
SYTKPIZH TON METPHZEQN N oelpd N oelpd 3n oetpa N oelpd
UETPHOEWV UETPHOEWV UETPHOEWV UETPHOEWV
Mécog 6pog Kistler 93318 0,131 0,136 0,124 0,121
napoxwv (Kg/s): GE pt878 0,131 0,136 0,124 0,121
Méaoog 6po OA g
06 OPOS TS ATOAVTNG THNG TV 0,52 0,51 0,52 0,88
Stadopwv we Ipog tnv npotunn pétpnon (%)
ZUVTEAEOTNG YPOUHLKIG CUGXETLONG, I 0,82 0,87 0,49 0,46
Meoog opog twv 0,04 -0,08 0,12 0,00

Stapopwv, d (%)

) limits of agreement
Awaypappara (-1,965D éwc 1,965D)

Bland - Altman

-1,29% éw¢ 1,22%

-1,25% éwc 1,09%

-1,05% éwc 1,29%

-2,1% £wg 2,2%

A&loAdynon and 1 éwg 4
(ue 1 v kaAUtepn
ouupwvia UETAED TwV
uedodwv)

2UPTTEPOCHATIKA ATav €KONAN €TTi TOU CGUVOAOU TWV MPETPHOEWYV, N TTOAU KaAR
OUUQWVIO TOU POOUETPOU UTTEPRAXWYV ME TN OuvapokUuWwéAn. H diagopd Twv Ouo
Ta OUo METPNTIKA €ixav Ouola

MEBOOdWY KupdvBnke amdé 0,50 éwg 0,90%.

OUMTTEPIPOPA UE EEQIPEDN TO XPOVO ATTOKPIONG.
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-KEDPAAAIO 3: ZUuyKpITIKEG METPHOEIG TOU (POPNTOU POOUETPOU ME TTPOTUTTO
HETPNTIKO did@paypa Katd ISO 5167, og didtagn pérpnong mapoxng Tou ENM

3.1 Eicaywyn

H &cUtepn ocipd peTpriocwy OuvéEBAAE OTNV KAAUTEPN TEKUNPIWoN Tou o@AAUATOG
TNG METPNONG TNG PONG ME TO POOUETPO TG GE Kal 0TV KOAUTEPN BepeAiwon Twyv
TTapayovIwy TTou €TMOPOUV OTnV akpifela Tng HéTpnong. O1 petproelg éAafav xwpa
o€ d1apopeTIKN dIATAgn TTAPOXAS VEPOU KAl CUYKEKPIPEVO OTO DIKTUO TTAPOXNAS VEPOU
TOU ATTOOTOKTHPA UTTOBAIWEWC, TToU BpioKeTal 0TO I00YEI0 Tou EpyacTtnpiou NauTIKRAG
MnxavoAoyiag. Eivalr onuavtiké va avoa@epBouv ol dIAQOPETIKEG TTAPAUETPOI TNG
METPNONG TNG PONG VEPOU OTN CUYKEKPIPEVN EYKATAOTACT, OE OXECN ME TNV TTPOTUTIN
OIGTagN TTOU €EETAOTNKE OTO TrPonyoupevo Ke@AAalo. Or peyaAlTepeg dIAPopPES
€0TIACOVTAI OTIG OIAOTACEIG TOU CWANVA TTapoxXAg (MeyaAuTepn DIAPETPOG Kal TTAXOG),
oTnv d1a@opd Tou UAIKOU KATAOKEUNG Tou (XGAuBag), atnv Utmapén Bagng Kabuwg Kai
OTO OIOPOPETIKO EUPOG TTIECEWV TOU OIKTUOU TTAPOXNG KOl TOU €UPOUC TaXUTNTAG TNG
pong. H uérpnon avagopdg, 6cov a@opd Tn por] Tou VEPOU TOU OUYKEKPIWEVOU
OIKTUOU, €£yIVE HE XPRAon TIPOTUTTOU MPETPNTIKOU dla@pAyuaTtog, oxedIaouévou
oupewva Je 10 ISO 5167, ToTTOBETNUEVOU GTO BIKTUO TTAPOXNAS TOU ATTOOTAKTAPA.

3.2 NMeprypan TG diATagNg METPNONG TTAPOXAS VEPOU OTOV ATTOOTAKTHPA
uTToOAipewg

210 OIKTUO TTAPOXNG TOU ATTOOTOKTAPO BPICKETAI TOTTOBETNUEVN MiO QUYOKEVTPIKN)
avtAia pe okomrd Tnv Tpo@odocia Tou aToOTaKTAPa UTTOBAiIwews pe vepd. Ol
TPOPOBOTIKEC DeCANEVEG TOU VEPOU PPioKOVTAIl OTIS EYKATACOTACEIG TOU UTTOYEIOU TOU
ENM. To dikTuo TpogodoTeital atrd pia deUTePNn AvTAia, TNG OTToIag N avappoenon
BpiokeTal kovtd oTig degaueveS. ‘ETol, 010 OiKTUO KUKAOQOpPEI vEPO AKOUO Kal OThV
TEPITITWON TTOU N QUYOKEVTPIKA avTAia dev PBpioketal o€ Aesiroupyia (dnAadn
Aeimoupyei wg pia TpdoBeTn avriotaon). H @uyokevTpikry avtAia Tou SIKTUOU KIVEITAl
atrd NAEKTPOKIVNTHAPA OVOUAOTIKAG IoXUog 13 kW, og trepioTpo@ikr) Taxutnta 2910
RPM. To diktuo eival epodiacuévo pe BaABida oTtpayyoAiopou (Bava), n oTtroia
BpiokeTal 0T cWARVWON KAtdBAIYNG, KATAVTN TOU ATTOOTOKTHPA UTTOBAIwew. Na 10
TARPES KAgioIuo TNG BaABidag aTrairouvTal 26,5 TTepIoTpoPES [19].

TNV €yKATtdoTaan TOU ATTOOTAKTAPA BpiokeTal TOTTOBETNUEVOD, OTNV avappoPnon TNG
(QUYOKEVTPIKAG avTAiag, éva PETPNTIKO SIAQPAYHA YIO TOV UTTOAOYIOHO TNG TTAPOXNS
VEPOU OTO SIKTUO TOU OTTOOTAKTAPA. Z& €vav €I0IKA SIANOPPWUEVO TTIVAKA, BpioKeTal
TOTTOBETNUEVO £va HAVOUETPIKO TTIEONG YIA TOV UTTOAOYIONG TG TTiEoNG avavTn (p11)
Kal Katavtn (pi2) Tou SIOPPAYUATOG. 2TO ONUEI0 autd TTPETTEI va avapepBei 6T n ev
AOYw eykataoTaon Oev ETTETPETTE TNV TAUTOXPOVN METPNON TWV TTIECEWV.

-
-

.\] I‘_/..,
L

>xAua 3.1 Métpnon MECEWY AvAvTn KAl KATAvTN Tou dIa@pAyuaTog oTo diKTUO
TTAPOXNG TOU ATTOCTOKTHPG [19]

P P,  Pu
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MNa v emiteugn peyaAlTepng akpifeiag TG PETPNONG TNG PoNG HEoW dlIaPPAyHaTOG,
ATTOQACIOTNKE N AVTIKATAOTACON TOU AdN UTTAPXOVTOC UE VEO DIdppayua oXeSIAoUEVO
oupgowva e 170 TIpdTUTTo ISO 5167. EmmAéov éyive avafdbuion Tou Trivaka
METPNONG TWV TTECEWV, WE TOTTOBETNGON €IBIKA OXedIaOUEVWY PaABidwy yia Tn
ouvartotnTa TaUTOXPOVNG METPNONG Twv OUO TMECEWV, avdvin Kal KATAvin Tou
IaPPAYHOTOG, HEOW £VOG Opydvou UETPNONG TNG BIGPOPIKAG TTIECNG.

Métpnon Twv TMECEWV
avavtn Kal KatavTn Tou
dlapPAYHaTOG atod
opyavo pétpnong Tng
dIaPOpPIKAG TTIEONG.

dwroypagia 3.1 MNivakag HETpnong MMETEWY AvAvVTN Kal KATAVTN Tou dIa@PAyuaTog
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2xediaon diappdyuarog Bdaosr Tou mporumou ISO 5167
H oxediaon Tou dla@payuaTog KaBopioTnKE BACEI TPIWV TTOAU CNUAVTIKWY KPITNPIWV:

e Tnv IkavoTroinon OAwv Twv TIpoaTTaITouuevwy Tou ISO 5167 pe o1dx0 TN
MEyIoTn duvaTh akpifela TG HéTpnong.

e Tn d100TACIOAOYNOCT TOU CUVUTTOAOYICOVTAG TO €UPOG TNG DIAPOPIKAG TTIEONG
TTou dUvaTal va PETPAOEI TO PETPNTIKO OIAPOPIKNG TTEGNG TTOU ETTPOKEITO VA
XPNOIJOTTOoINBEI.

e Tn MéyiOoTn TTOPOXN TOU BIKTUOU N oTroia eEapTdTal ATTO TN QUYOKEVTPIKA
QVTAiQ TOU ATTOOTOKTHPO UTTOBAIWEWG.

ZEKIVWVTOG aTTd TO DEUTEPO TTPOATTAITOUNEVO, TO Opyavo HETPNONG TNG OIOPOPIKNG
TMiEong TTou XPNOIKOTTOINONKE ATaV BaBuovounuévo yia PETpnon dIaQopIKAG TTiEoNG
(Ap) éwg 60 mbar. Zuvertwg, n dlagopd Trieong Tou dnuioupyeiTal avavin Kai
KATavTn Tou dIa@pAyuaTtog, dev Ba £TTPETTE va CETTEPVAEI TNV TIMN QUTH.

Oa £mrpetre Aoimév va 1oxUel: Ap = p,;- p;, < 60mbar

MNapokdTw ava@EPovTal Ol  ONUAVTIKOTEPEC TTAPAUETPOI KOl TO KPITAPIA TTOU
KaBopilouv Ta VEWUETPIKA XOPAKTNPIOTIKA Tou dla@payuaTtoc yéow Tou ISO 5167 (1°
TTpoaTraiToluevo oxediaong).

Me a ouppoAieTal n kateuBuvon TnG pong. Me 1 aupBoAileTal n TTPGGOWN AvAvTn TOU
O10QPAYUOTOS Kal JE 2 N TTPOCOWN KATAvTn auTou.

Q¢ D opiCetal N eowTEPIKY DIAPETPOG TOU CWANVa
mapoxng kai d n OIGUETPOG TNG OTING Tou
% SlaPPAyUATOG.

2NUaVTIKA TTOPAUETPO OTTOTEAEl O AdyOoG Twv

1——
7z /\..9 SlapETpWY B = % :

1 Oa TTPETTEN Va IoXUOUV:

£ e d=>12,5mm
e 0,10<p5<0,75

=3
®

Bd

H Ao&n diaudépowon Tng oTévwong, OTTwG
H oploBeteital ammd Ta onueia H kai I, €xel KAion

/l o =45° £15°.

i

2xAua 3.2 Baoikég yewueTpIKES TTapAuETpOI oxediaong diagpdyuatog katd ISO 5167
[20]

Ta maxn e kai E tou pn AogoU TUAMATOG TNG OTEVWONG KAl TOUu dIappayHaTog
avTioToIXa opiovTal Wg:
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e 0,005D<e<0,02D
e e<EXZO0,05D A4 E<3,2mm gpdoov 50mm < D < 64mm

MNa TN YéTpnon NG TTieong avavTn Kal Katavtn Tou dlagpayuaTtog, XpnoidoTrolouvTal
OUo dlapopeTIKoi TUTTOI TATTWYV. ATIOQOCIOTNKE N XPAon Twv Rdn UTTapXoviwyv
eAat¢wTwyv Tamwy (flange tappings, Tpdéoown 2 oto oxrua 3.3)

b I

i 2 1
B Il A NEA

L
@

————

ZxAua 3.3 Zxediaon TaTmwy yia Tn HETPNON TWV TMECEWVY avavTn Kal katavTn [20]

Ma @Aavi{wTég TaTEG B TTPéTTel va ioxUouv: Re ;>5000 kai Re, >1704°D.

MNa 116 aTooTACEIS 11 Kal I TV TATTWV a1Td TO dIA@PAYUa TTPETTEI VA IOXUOUV Ta £EAG:

o |1=1,=(25,4=%0,5) mmotav > 0,6 and D <150 mm
(25,4 £ 1) mm 6t1av 0,6
(25,4 £ 1) mm 6T1av B > 0,6 ka1 150mm < D <1000mm

MNepiypapn ug@odou pérpnong 1ng pong pe Aiappayua

Mapaxkdtw TTapaTiOevTal o1 TTAPAPETPOI TTOU ATTAITOUVTAl YIa TOV TTPOCdIoPIoHS TNG
TTAPOXNG TOU peucToU:

e d: HdiGueTpog TNG OTING TOU dIaPPAYNATOG GE M

o D: Heowrtepikn dIAUETPOG TOU CWARVA TTAPOXAS O M

e (m: Hmapoxn pdlag tou peucTtol o€ Kg/sec

e Ap: H dlagopIkA TTieon Tou peuaTou o€ Pa

e u:  To duvauiko IEWdeG Tou peuaTou o€ Pa- sec

e Vv: ToKivnuaTiKé IEWOEC TOU PEUOTOU OE M?/sec

e p: HTmukvéTnTa Tou peuaTtou o Kg/m?

o ¢ AdidoTatog ouvteAEOTRG DIACTOAIKOTNTAG

e k: AdidoTatog AGyog TnNG atmmwAEIag TTieong TTPog Tn duvauikn Tieon, pV 2 / 2
o [B: AdidoTaTog Adyog dlauéTpwy, d/D

o C: AdIGoTaTOC CUVTEAECTAG EKTOVWONG

¢ Rep: ApiBu6g Reynolds o1o eowTePIKO TOU CWAAVA TTAPOXAS

e Req: ApiBu6g Reynolds o1o e0wTePIKG TNG OTTAG TOU dIa@PAyPaTog
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H Tmapoxn pafag Tou peuoTou uTtoAoyieTal atrod Trn oxEon:

_C 72
U —W<€4d J2App

O adidoTatog ouvTeAeoTAG eKTOVWONG, C, e€aptaTal atmd Tov aplBud Reynolds, Re, o
OTT0I0G PE TN OEIPd Tou €aPTATAI OTTO TNV TTAPOX HALOG TOU PEUCTOU (m, KAI TTPETTEI
va TTPOCdIoPIoTEl HECW ETTAVOANTITIKAG dladikaoiag. 210 TTapdpTtnua Tou ISO 5167
divovTal oI KAaTeuBUVTHPIEG YPOAUMEG OXETIKA WE TNV €TTAvaAnTITIKA diadikaoia Kabwg
KAl TNV apXIKA EKTIUNON TWV ATTAPAITNTWY YETABANTWV.

TovieTal OTI gival ATTAPAITNTN N YVWON TG TTUKVOTNTAG KAl TOU KIVUATIKOU 1§W0UG
TOU PEUOTOU OTIC OUVONKEG AEITOUpYiag TNG eyKaTdoTaONG.

O ouvreAeoTtg ekTOVWONG, C, Tpoodiopifetal amd Tnv egiowon Reader-Harris
(1998):

6
C =0,5961+0,02615% —0,2165° +0, 000521( éo

D Re,

0,7 106 0,3
] +(0,0188+0,0063A) £°° [—j T

4
+(0,043+0,080e ** ~0,123¢ ™ )(1—0,11A)1ﬂ—4—0,031(M ,—0,8M M) g

O1 ouvteAeotég Rey, M7,, A, L umroAoyiCovtal atréd Toug TUTTOUG:

08
1 |

Rep =, M7, = 2, A=[ 008 ) L
7, D 1-p Re, D

O ouvteAeoTNG BIAOTOMIKOTNTAG, €, UTTOAOYICETAI ATTO TNV EUTTIEIPIKN OXEON:

1

1k
& :1—(0,351+0,256,B4 +0,93ﬂ8)[1_{&j ] eV TTPETTEI VA IOXUEL: % >0,75
1

Tpoodiopioudg diauérpou TnS omrng, d, Tou d1IaPPAyuATOS

H onuavtikdétepn TTapAPETPOG TTOU ETTPETTE va KABOPIOTEN yia Tn oxediaon Tou
dlappayuaTog gival n didueTpog, d, TNG oTmMG, KaBwg atmd autrv e€apTdTal Kal TO
€0p0og Ap TNG WETPNONG.

O utroAoyiopog NG dlapétpou d  yivetal péow  €TTAVOANTITIKAG  Oladikagoiag
UTTOAOYIOHWYV, OTTWG QUTA TTEPIYPAPETAI 0TO TTapdpTnua A Tou ISO 5167.

To mapdptnua TTpoTeivel pia diadikaaia utroAoyiopoUu Tou d Kail Tou B, dedouévwv

Twv M, p, D, Ap kai gm. Mg yvwpova tnv Trpoteivouevn Oladikagia, oxedlidoTnKe
aAyopiBuog ato TTpoypauua MATLAB, o otroiog TrapartiOetar oto MAPAPTHMA 1IA.
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O aAy6piBpog cuykAivel Emreita atmd 15 emavaAqelg oTig TINES 72,9 mm kai 0,91 yia
Ta d kai B avrioToixa. Auté Opwg avtiBaivel Tn Baoik ouvbAkn Tou ISO yia 10 B, TO

oTroio Ba TpéTel va gival < 0,75, dnAadn yia d,,, =0,75D =0,75-80 = 60mm .

ZUVETTWG TO Opyavo PETPNONG TNG BIAYOPIKAG TTiECNG, TO OTToIO gival BaBuovounuévo
yia gétpnon trieong 6000Pa ) 60 mbar, dev duvatal va PeTprioel yia 0Ao 1o diaBéaiuo
€UPOG TMECEWV TNG yKATACTAONG.

ZUppwva Pe Ta ammoteAéopaTta Tou aAyopibuou, n IKavoTroinan Tng ouvenkng yia 1o
B, odnyei og diagopikA Trieon pe péyiotn TiuR 23200 Pa ) 232 mbar. H diguBétnon
TOU TTPORANMATOC TTEPIYPAPETAI TTAPAKATW.

TeAkwg emAEXONKE N oxediaon SlaQPAYUATOG WE TN MEYIOTN ETITPETTOUEVN DIAUETPO
omm¢ d =60mm kai #=0,75.

PuBuifovtag Tn Bdva 1Tou BpiokeTal APECWS PMETA T QUYOKEVTPIK AVTAIQ PUTTOPOUNE
va eAéyEoupe TO €UPOG TNG TTOPOXNG Kal KOT E€TTEKTAON TNG OIOPOPIKAG TTiEONG.
2UVETTWG ATTOPACIOTNKE N XPNOIYOTIOINCN TOU MPETPNTIKOU BIAPOPIKAG TTiEONG VIO
€UPOG TTOPOXWYV TTOU HETAPPACETAl O€ UPOG dIaPOPIKNG Trieong, 0-60 mbar. MNa T0
€UpOg Twv 60-232 mbar atTro@acioTnKe N xprion dUo TTIECONAEKTPIKWY aloONTHPWY
mieong Tng Kistler, évag yia TN y€Tpnon Tng Trieong avavtn Kal €vag yia Tn Yérpnon
TNG TTiEONG KATAVTN TOU dIAPPAYHATOG.

Zxediaon Tou diappdyuarog
H oxediaon tou dilappdayuarog éyive oTo TTpoypauua Autodesk Inventor, oTo oTroio

OXeDIAOTNKE KAl TO KATOOKEUAOTIKO TOU OX£DI0 WOTE va O00¢&i TTPOG KATAOKEUN OTO
MNnxavoupyeio Tou ENM.

Zxnua 3.4 TpiodidoTaTn atreikovion oxedlacBEvTog dia@payuaTog
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2xAua 3.5 KataokeuaoTiKO ox£D10 (0€ olikpuvan) Tou TTPOTUTTOU PETPNTIKOU

dlappaypaTog katd ISO 5167

66




To diId@payua KATAOKEUAOTNKE ATTO OPEIXAAKO KAl AVTIKATESTNOE TO TTOAIO TTAACTIKG
dId@paypa oTn CWAAVWON TOU ATTOOTAKTHPA UTTOBAIWEWG.

dwroypagia 3.3 NMAaoTiké didppayua TTaAaidTEPNG oxedIaONG 0TO BIKTUO TOU
ATTOOTOKTH PO
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PwToypagia 3.4 AvtikardoTtaon Tou TTaAiou dlappdyuaTog O0To diKTUO TTAPOXNG TOU
ATTOOTAKTAPA

Tomo@érnon twv mielonAsKTPIKWY aIoOnNTipwv OTOV mivaka uETPnong Twv
méoswv

2TIC AATCWTEG TATTEG TOU OIAPPAYHATOG, OUVOEOVTAI OI CWANVWOEIG TTOU KATAAYOUV
oTOV TTivaKa METPNONG TWV TTIECEWY. ZTOV TTivakKa BpiokeTal TOTTOBETNUEVO, €va
MOVOUETPIKG TTiEONG (XPENOIUOTIOIEITO yIa Tn METPNON TNG Trieong He To TTaAIO

dl1a@payua) Kal dUo BAVEG yIa TNV ETTITEUEN TNG PHETPNONG, EVAAAGS, TV TECEWY Py,
Kal Py, avavrtn Kal Karavrn Tou d1a@payuarog avTioToixa.

i
7 gl

Ly

7

P 14 Fﬂ

>xAua 3.6 ATTeiIkOvIon Tou TTOAIOU PJETPNTIKOU dIAQPAYNOTOG OTOV ATTOOTAKT P [19]
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21ov AdN uTTdpXwyV Trivaka TTpocapTABnKe pia etTékTaon (yYKpi TTAGKa) oTnv oTroia
ToTroBeTHBNKAV TEoOEPIG BaABideg. AUo, 6TTwG TTpoavaPEéPBNKE, Yo TV TAUTOXPOVN
METPNON TWV TTIECEWV ATTO TO OpYyavo PETPNONG TNG dIAYOPIKN TTIECNS Kal U0 aKOWN
yIa TNV TQUTOXPOVN PETPNON TWV TTIECEWYV aTTé Toug TTIeCoKpuaTaAloug TnG Kistler.

L. MavopeTpikd trieong

i Métpnon Twv TECEWV
avavTtn Kal Karavtn Tou

dloppdayyaTog PE Xpnan
TWV  TMECOKPUOTAAWY
NG Kistler.

w

dwroypagia 3.5 MNivakag HETPNONG TWV TTIECEWVY GTO dIAPPAYHA
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TexvoAoyia mie{onAsKTpiKwv aioOnTipwyv misong

MNa TIG AVAYKEG TWV HETPACEWY aATTOPACIOTNKE N XPAON Twv TTIECONAEKTPIKWY
alioOnmpwyv Trieong, 6052c, Tng Kistler.

O T1UTTOG QUTOG XpPNnoIYoTrolEl évav TTIECONAEKTPIKS
KPUOTAAAO €TTITUYXAVOVTAG TTOAU UWnAr euaioBnaia
o€ ouvapTnon PE To MIKPG Tou péyeBog. Epgavilel
MEYAAN avBekTIKOTATA OTIC TUXOV OOVNOEIG TNG
EYKATAOTAONG Kal oTIg BepUOKPATCIOKEG
aufopciwoelg. EmmpooBétwg, 10 didppayua Tou
aiodnTApa, TO oOTroio €xel PeATiIoTOTTOINOEI  pE
UTTOAOYIOUO TTETTEPACHEVWY OTOIXEIWY, EEACQAAICE!

5

16,5
10 0155

-

KaAG atroteAéopata PETPNONG Kal PEYAAn dIdpKeEIa
dwng.

Gl Tyo B052C

@ 4.4 302

[
M5 x 05

@ &1

2xAua 3.7 O mefonAekTPIKOG aiocOntpag 6052¢ ¢ Kistler [21]

MéBodoc¢ uétpnong Twv me{onAeKTPIKWVY aioONTHPpWYV Tmieong

O1 medonAekTpIKOi aloBNTAPES TTiEONG €ival KATAAANAOI yia Th PETPNON TNG HETARBOANG
TNG TTiEong, KaBWG AGYW eyyevwv TTEPIOPICHWY, dev gival duvath n WETpnon g
aTTOAUTNG TTiEONG. ZUVETTWG, Yia KABe péTpnon Trieong mou Aapdaveral avavin i
KATAvTn Tou dIa@PAyuaTog, sival ammapaitntn N XxPRon Jiag uETpnong avagopdg.

lNa TN pETPNON avo@opdg ATToPaCiOTNKE N XENAON TOU HOVOUETPIKOU TTECNG TNG
Druck, ptx 1400 10 oTroio BPICKOTAV NON EYKATECTNUEVO OTOV TTiVOKA PETPNONG TWV
mECEWVY 0T BIATAEN TOU OTTOOTAKTAPA UTTOBAIPEWG. ZuyKekpiyéva, AapBaveral pia
METPNON ATTO TO PAVOMETPIKO TTECNG, N OTToid AQAIPEiTal ATTO T PETPNON Tou
medonAekTpikoU aioOnTpa. To atmoTéAeopa TNG agaipeong, eival n ammrokAion (drift)
Tou aiIodnTpa. H TiuR TNG atrdkAIoNg QUTAG agaipeital ammd TNV QUECWS ETTOPEVN
MéTpnon Tou eConAekTpIkoU aioBnTApa. To atToTéAeopa TNG a@aipeons auThg eival
n Trieon mou Aapavetal TEAIKWG avavtn R Katavtn Tou dia@payuatog. H TR autn
gival kal n ¢nroupevn. H avwtépw Oladikacia emravalapBaveral evaAlAdE yia Tn
METPNON TNG TTiEONG avAVTN KAl KATAVTN TOU dIa@PAyHaTOG.

Eival onuavTiké va avagepBei, 6T kKaBe yéTpnon amod Tov aiobntipa 6052¢c atéxel
XPOVIKA KdTrola s. Egaitiag Tng xprnong Tou idlou PavopeTpikoU yia Tn PETPNON Tou
KA&Be eokpuoTAAAoU, gival aduvaTn n TauTOXpovn HETPNON TWV TTIECEWV avAvTn Kal
KOTAVTN. ZUVETTWG Ol METPAOCEIG yivovTav eVOAAGE pe pia xpovik kabuoTtépnon
METOEU TOUG.

Me Bdon tnv mapamdvw diadikacia pétpnong €yive n oxediaon Tou ‘Orifice Plate
(6052c - Druck - GE)’.VI — o€A. 82/83.
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TexvoAoyia aiobnripa misong PTX 1400.

To pavouetpikd Trieong PTX 1400 tng GE ptopei va peTpAoel
mEoEIG €wg Kal 600bar evw n akpifeid Tou gival TG TGENG TOoU
0,15%. Etriong d106éTe1 £€000 4-20mA.

>xAua 3.8 To pavoueTpiko Trieong g Druck, PTX 1400 [22]

Tomrobérnon twv aionripwyv 6052C orov mivaka uéETpnong Twv mECTEWV

*Material dependent S s MNa v TOTTOBETNON TWV TMECONAEKTPIKWV
" Gy ot ron 4 mmm LALN aigBnTApwy Trieong, oTIG  PaABideg  Tou
- Steel 2.5 mm ! Tivoka PETPNong mMECEWY, ATAV ATTaPaiTNT
y | 7 n KATOOKEUN evog KAaTAAANAou
| / Tpooapuoyéa (adaptor). To oxédio Tou
= 7k / ST Tpooapuoyéa  €yive  OUPQWVO  PE  TIG
z‘;[’i' Ix; 4 | i nen TTpodiaypaés Tng Kistler.
' 3’ i ,/,vf Sealing surface : v
| ol ZZA| 75
I T %
I R iy

2xAua 3.9 lMpoteivéuevn oxediaon TTpocappoyEa TOTTOBETNONG TWV alIoONTAPWY
6052c [21]

H oxediaor] Tou Kal TO KOTAOKEUAOTIKO Tou OX£€BI0 €yive 01O Autodesk Inventor.

2xAua 3.10 TpiodidoTaTtn AatmeikdvIon Tou TTpocappoyéa Tou aiodntipa 6052¢
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—@11—
M5x0.5

iy 1]
DAY 13

e 7
7 | 2
1/8-27 NPT 1
\,‘ ; i I —*—2 / R2
\ |
| : | )
' #3+ |-
- SECTION A-A
A SCALE2 : 1
Q )
i
[I\)/IRe;L\r\gr'\;athas 3/2/2014
CHECKED
R TITLE
MFG
APPROVED
SIZE DWG NO
A4 Adaptor for 6052c
SRl I ISHEE]' 1 OF 1

r

Zxnpa 3.11 KataokeuaoTikd oxESI0 Tou TIpOoCapuoyEa Tou aiodnTrpa 6052¢
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dwroypagia 3.6 O1 aicbntApeg 6052¢ TnG Kistler TorroBeTnUEVOI OTOUG
TTPOCOPHOYEIG TOUG

TexvoAoyia puerpnrikou S1agopIKNS mieons

To 6pyavo pétpnong OSlagopikAg Trieong, STX 2100, tng GE Druck, ceival
BaBuovounuévo yia Tnv péTpnon dIaQopPIKNAG Trieong eupoug 0-60 mbar. AiaBETel
€€000 4-20 mA kai n akpiBeid Tou gival TNG TaG&Ng Tou 0,1%. To Gpyavo uTTOpPEi va
avtégel meoelg péxpr 120 bar xwpig Tov Kivduvo katrolag BAGRNG.

Zxnpa 3.12 To 6pyavo PETpnong Tng dlIaQopIKAg TTieong, STX 2100 [23]

73



2uvdsouoloyia rou poducstpou, pt878, tng GE, Tou perpnrikou OS1a@oOpPIKNS
micong, STX 2100 kai twv me{onAekTpiIKkwv aiobntipwv micong, 6052c, oe
TPOOWITIKO UTTOAOYIOTH

Kal Ta Tpia heETPNTIKA, POG TTApEXOUV T duvatoTnTa TTPOCKTNONG OLOOUEVWY PECW
avaAoyikou onuarog o Volt. H yneiotroinon Twv avaAoyiKwy CnNUATwy YiveTal JUe
xpion ¢ kaptag DAQ, ni 9222, 1ng National Instruments, kdprtag Tou
Xpnoigotoinénke yia Tnv TPOoKTNon Oedouévwy Kal OTnv TTPOTUTIN dIdTagn
METPNONG TNG PONG vepOU (BATT. Ke@dAaio 2).

H ocuvdeouoloyia Tou poduetpou uttepAxwy TNG GE yivetal pe Tov idlo TpOTTO TTou
TTEPIYPAPNKE OTO KEPAAQIO 2. ZUVETTWG TO €UPOG TIMWV TOU avaAoyikoU OrjuaTog TTou
AauBdvetal atrd 1o podPETPO pt878 oTnv €ic0do TNG KAPTAG, €ival 1.4-7V.

To perpnTikd dlo@opikrg Trieong, STX 2100, di0BéTel £€€000 avaAloyikoU OrPaTOg
peupaTog 4-20 mA. AGyw Tou yeyovoTog 0TI N xpnoldotroinBsioa kdpta DAQ déxeTal
avaAloyiké onpa oe Volt, gival amapaitnTog 0 YETACKXNHATIONOG TOU PEUPATOS OTNV
£€€000 Tou STX 2100 ammd mA ot Volt. Autd emTuyxaveTal HEOW TNG XPNAONG €vog
TTOAUCEUKTN.

O avahoylikdG TIOAUCEUKTNG €ival MIa  OUOCKEUR, TIOU XPNOIYOTIOIEITAI  OTNV
NAEKTPOAOYIQ yIaQ TN YETATPOTTA AVAAOYIKWY GNUATWY, TOCO WG TIPOG Tov TUTTO (TACN
/ peUpa) 600 Kal WG TTPOG TO EUPOG TWV TIHWV ToU (TT.X.
0.10 V, £ 20mA «k.a.). H ev Adyw ueTarpoti

TTPAYUATOTTOIEITAl MEOW evog eEWTEPIKA
TPOPOBOTOUNEVOU  NAEKTPIKOU  KUKAWWATOG.  ZThV
TTPOKEIUEVN TTEPITITWON, o] TTOAUCEUKTNG

XPNOIMOTTOIEITAI YIO Tn METATPOTIH TOU OfUATOS ATTO
onpa peupaTtog oe ofua tdong — (MA oe V). Avdloya
ME TO €UPOG TOU ONMATOG €I00O0U KAl TO ETTIOUPNTO
€Upog Tou CApATOG €EGOOU, N METATPOTIN YiveTal ME
KaTGAANAN  pUBpion  TOoUu  TTOAUCEUKTN,  OTTOTE
TIPOKUTITOUV KOl O  QVTIOTOIXOl OUVTEAECTEG  TTOU
opifouv Tn YPOAUMIKA OX€0N TNG  METATPOTIAG [24]

2xAua 3.13 AvaAoyikog TToAuleukTng TnG Phoenix Contact [24]

To 6pyavo PETpnong Tng dIAPOPIKAG TTiEong TpogodoTeiTal atmd evioxutn Tdong 24V
ev Ta 4-20mA otnv £€£0d0 Tou, uetaoxnuartifoviar ce 0-10V otnv €¢odo Tou
TTOAUCEUKTN.
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=

Tpo@odoTiké Tdong Tou dlaopikou TTieong

MoAUCeUKTNG yIa TOV PETAOXNMOTIONS TOU
OfMaTOG TOUu OIaPOpPIKOU TTiEONG O€ ORua

Pwroypagia 3.7 Zuvdeopoloyia Tou STX 2100 o€ evioXuTr) Kal TTOAUCEUKTN TTPIV TNV
€i0000 TwV oNUATWY OTOV UTTOAOYIOTH

Ooov agopd Tn cuvdeopoAoyia Twv aiodntpwy ¢ Kistler, yivetal pe Tov id1o TpOTTO
OTTWG AuTdG TTEPIYPAPNKE YIA TN SUVAPOKUWEAN OTO KEQAAQIO 2. ZUYKEKPIPEVA, TO
NAEKTPIKO POPTIO TTOU ATTOKTA O KABE TTIECONAEKTPIKOG aIoBNTAPAG, META TNV ETTIBOAN
TTieong atmd 10 SIKTUO TTAPOXNG TOU ATTOOTAKTHPA, WETAQEPETAI OE EVIOXUTH YA TN
METOTPOTI] TOU O€ avaAloyliké ofpa Tédong eupoug 0-10V. MNa Tn PETATPOTIH TwV
onuaTWV TWV aIodnThpwyv Xpnoiyotroindnkav dUo evioxutég onfuarog Tng Kistler,
5015A.

2xAua 3.14 O evioxutrg onparog 5015A 1ng Kistler [14]
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3.3 Zxediaon TpoypaUHATWY TTPOOKTNONG dedopévwy, TNG TTAPOXNAS VEPOU OTO
OiKTUO TOU ATTOCTAKTAPA UTTOBAIPEWG

MNa TG avdykeg TnG Olegaywyng HETpAoewy, oxedidotTnkav dUo TrpoypdupaTa
TIPOCKTNONG dedOUEVWY O TTEPIBAAAOV LabVIEW.

-2710 TTPpWTO VI EMITUYXAVETAI N TAUTOXPOVN METPNONG TTAPOXAS TOU OIKTUOU HE Xpron
Tou GE pt878 ka1 Tou PETPNTIKOU BlaPopIKAG TTieang, STX 2100 yia To eUPOG TMETEWV
0-60mbar.

-210 0¢eUTepo VI yivetalr pétpnon TnG pong vepou péow Tou GE pt878 kai Twv
TECONAEKTPIKWY AIoONTApwy TTieong, 6052¢, yia €Upog TMECEWV PEYOAUTEPO TWV
60mbar.

Teprypaen rou ‘Orifice Plate (GE-Diff. Transmitter’).VI

ApXIKG €TIAEYETAI N ouXvOTNTa SElyUaToAnwiag Kal 0 apIBPos Twy SEIYUATWY JE TNV
avadoyia 1/10 vyia Tnv atmmo@uyry OQ@AAUATWY UTTEPXEIAIONG KAl  GTTOPPOING
(overflow/underflow errors) .

2xéon peracxnuarioyou Tou oNUAarog Tou usrpnrikou, STX 2100

To avahoyikd orpa Tou pelpatog, 4-20mA, petatpémetal o€ 0-10V otnv £€odo Tou
TTOAUCEUKTN.

H oxéon peTaoXnUATIOMOU YIQ TN METATPOTI] TOU OAMOTOG TAONG O€ MNXAVIKEG
MoVAdEG, gival YPAUMIKN Kal gival TNG MOPPNG:

y=a-X
OTTOU Y TO YETPOUNEVO Ap Kal X Ta V TTou divel 0 TTOAUZEUKTNG avTioToIXa.

To STX 2100, 6TTwg £Xel TTPOavVOPEPDE], PTTOPET va HETPACEI PEYIOTN DIAPOPIKN TTiECN
60 mbar 1ToU I00dUvapei ye 6000 Pa. Zuvertwg Ta 10V avtioToixouv o€ 6000 Pa kai

_ 6000Pa
- 600P2
10V X/

H oxéon petaoxnuatiopou Traipvel T pop®n: y = 600X .

7000

D
o
o
o

y = 600x
5000 7

4000 /
3000 ~

2000 ~

~

Awadopikn nieon, Ap (Pa)

1000 ~

0 2 4 6 8 10 12
Taon (Volts)

>xAua 3.15 Xyxéon yetaoxnuatioyou Twv V og Pa
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2xéon METaoxnuATiououU ToU CNlUAarog Tou poousrpou, GE pt878

PuBpiCoupue wg eAaxiotn Tipn Tapoxnig Ta 0 It/sec n otroia avTioToIXei oTa 4mA Kal W¢G
MEYIOTN TIUA TTapoxng Ta 14 It/sec TTou atroTeAOUV TN PEYIOTN AVAUEVOUEVN TTAPOXN
Tou OIKTUOU. H Ty auth avtiotoixei ota 20 mA. Ommwg mTpoava@EpBnke Kal oTo
Ke@AAaio 2, Ta 4-20mA petaoxnuaTiovral o€ 1.4-7V péow avtiotaong 350Q.

H oxéon petaoxnuatiopou TTaipvel TNV TEAIKA TNG HopPR: ¥ =2,5x—3,5

16

14
y=25x-35 /

e
o N

Porj Psuotou (It/s)

A O

Taon (V)

2xAMa 3.16 Zxéon yeTaoxnuaTtiopou Twyv V ot lt/s

21N ouvéxela petatpétroupe Ta lt/s oe Kg/s diaipwvtag tnv egicwon pe 1o 1000 kai
TTOAATTAQCIAZOVTAG TNV KE TNV TTUKVOTNTA TOU £pyadouevou PEoou (vepoul) n oTToia
IcoUTal pe 999,1026 Kg/m?® atoug 15 °C. H trukvéTnTa opietal atrd Tov XproTtn yéoa
oTo VI T1ng LabVIEW.

To STX 2100 pag divel TN dlIAPOPIKN TTiECN Ap WG CUVAPTNON TWV TTIECEWV TIPIV KOl
META TO Old@payua. la Tov UTTOAOYIOPNO TnNG TIOPOXNG MAZAG TOou pPEUCTOU
XPNOIYOTTOIOUYE TNV TTPOTEIVOUEVN  OIadIKaoia  UTTOAOYIOUOU  TNG (Om  OTTWG
avaypdeetal oTo TTapdpTNHa A, Tou ISO 5167. H gm uttoAoyideTal dedopéVY TWV Y,
p, D, Ap kai d.

O aAy6piBuog uttoAoyiopou Tou Q, oxedidoTnke oto MATLAB Kai TTapartiOetal oto
NAPAPTHMA 1B

MNa 1™ oxediaon Ttou VI xpnoigotroibnke n ouvdptnon MATLAB script node, Tng
LabVIEW, n otroia pag divel Tn duvaTtdtnTa £KTEAEONG TOU idIOU KWOIKA YPAPUEVOU O€
MATLAB xpnoiyotrolwvTag wg gicodo 1o Ap kai divovrag otnv £€£0do Ta gm, Rep, TOV
OUVTEAEDTA eKTOVWONG, C, Kl TOV apIBPO TwV ETTAVOAAWEWV .
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milliseconds to wait

Diff Transmitter

:E
‘o

£ Al=({e*(d/1000)*2) sqrt(2*Dp*d 1))/t C
;5 L]I!fs Dp (P K1=CAT; 123
fizs] Q= (pi/dy m1+(D/1000)7X1; &
CE QV:med1j W
E=4: e
ReD={4*Qm)/(pi*m1*D/1000); s
A=((19000b)/Rel)"0.8; - =
L1=4/D;
L2=5.5/D; :
E::: M2=2*L2/(1-b); i
' volts C=0.5961+0.0261*b*2-0.216*b*8+0.0 o
123 izi+1; =
B W Filter| TEL end
p— "
¥ -
: i
d H
DAQ Assistant
data [y i | Pe— :
Deviation
Liquid density __ | Deviation 1 i
B DEL
(Kgim"3) Volts to Kg/s
izap Dev(Diff Trans-GE)
=i = Differential Transrmitter
j - Fgéi
0 S
3 i Save
: '
GE PTE78 2 ] -
TF
Write Te
[TE?.; B | Measurement
%""ﬂm File
u Signals

2xAua 3.17 Block Diagram tou ‘Orifice Plate (GE-Diff. Transmitter)’.VI
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DE

stop

|




STOF‘]
milliseconds to wait

/
m
0

.|
o
“

Liquid density
(Kg/m*3)

)
ol
“

Mass flow (kg/'s)

Mass flow (kg/s)

Ch3 GE (Formula Result)  [JNg

Time

Mass Flow Measurements Kg/s

Differential Transmitter
0

Volts Dp (Pa)
0 ]
GE PT878
0
DEViation Formula Result m

Dev(Diff Trans-GE)

0

2xnpa 3.18 Front Panel Tou ‘Orifice Plate (GE-Diff. Transmitter)’.VI
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Teprypaen rou ‘Orifice Plate (6052c - Druck — GE)’.VI

270 ouykekpigévo VI akoAouBrBnke n diadikacia PETPNONG ME TTIECONAEKTPIKO
aloOnTApa TTiEONG, XPENOIUOTTOIWVTAG PETPNON ava@opds, OTTWG TTEPIYPAPNKE OTNV
Tapdypa@o “MéBodog uérpnong Twv mefonAeKTPIKWY aIoONTHPWYV TTieons

Zxéon ueraoxnuariouou rou onuarog rou GE pt878

H oxéon petaocyxnuatiopou Tou poduetpou TnG GE €ival idia pe Tn xpnoiyoTroinéeioa
oto ‘Orifice Plate (GE-Diff. Transmitter)’.VI.

2xéon METAoXNUATIOUOU TOU CNUAToS ToU aiodnrhpa misong, PTX 1400

To e0pog pETpnong Tou aicBnTrpa eival 0-16 bar, evy otnv €006 Tou divel 1-5 V.

H oxéon petaoynuaTiopoU Traipvel Tn gopen: Y, =ax-+b, étmou Y, n mieon oe bar

Kal X Ta V TTOU avTIOTOIXOUV OThV EKACTOTE PETPNON.

H TeAIKA Jop®r TNG oXEONG METAOXNMATIOMOU TTPOKUTTTEI E TTOAAQTTAQCIOCUO TNG
TIHAG Tou Y, We 10° yia Tn peTaTpoT Tou o€ Pa: y =(4x—4)10°

1.8E+06
1.6E+06

1.4E+06 y= (- 4110 /
1.26406 yd
1.0E+06 yd

8.0E+05

6.0E+05 /

4.0E405

2.0E+05 yd

0.0E+00 /

Ynepnieon (Pa)

Taon (V)

2xAua 3.19 Zxéon petaoxnuaTtiogou Twv V og Pa
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2xéon pHeETaoxnuariououU ToU CNUATos Twy aiodnripwy, 6052¢

H £€£0d0¢ Tou evioXUTA KABe aioBnTApa Trieong divel onua taong. Méoa otnv 086vn
TOU EVIOXUTH €TMIAEYOUNE TNV TIWA Tou scale dnAadn Ta bar/V n otroia utroAoyileTal
TTAPAKATW.

Q¢ péyiotn TiuA NG PETpnong opifouue Ta 16 bar, Tn péyioTn TR TTou duvaral va
MeTpioel o aicbnmpag PTX 1400. MNa Tov uttoAoyiopd Tou scale n TR autn
16bar bar

dlaipeital pe 1o €Upog Twv Volt oTnv €000 Tou evIOXUTH

w-ov VvV
H oxéon pyetacyxnuatiopou Traipvel Tn Jopen, £TTEITa Ao YeTaTpoTtr Twv bar og Pa:

y=(1,6-x)10°

1.8E+06
1.6E+06

y=exis
1.4E+06 /
1.2E+06 /
1.0E+06

=

o

9

§ 8.0E+05 /

£ 6.0E+05 /
2.0E+05

0.0E+00 T T T T T 1

_—

Pa

Tdon (V)

2xAMa 3.20 2xéon yetaoxnuatiopou Twy V oe Pa

210 VI amobnkevovtal ol amoAuteg TmEcelg, o€ Pa, avdvin Kol Katavin Tou
dlappAayuaTog atd Toug duo aioBnThpeg Tieong 6052c. H Ap utroAoyideTal ek Twv
UOTEPWY KAl N €gaywyrn TnG TTapoxng Malag Ttou vepou yivetal oto ‘Eicodog Ap-
‘E€0d0¢ Qm’.VI.  Tautdypova atrobnkevovTal oI TIUEG TTapoxrg, o€ Kg/s Tou GE. H
oUYKpPION TWV ATTOTEAEOUATWY TwV U0 WETPNTIKWYV YiVETAl NETA TNV TTPOCKTNON TWV
OedOEVWV.
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P2 Downstream

Filter bar/V
- > ]
| m ’*
3 122
; LE PP milliseconds to wait
» v Filter?d]
DAQ Assistant qf U,l P1 Upstream B
data rmé [H}
- Filter3]
- P-P1 Liquid density
A
Yolf Druck Ul (Kg/m-3] Yolts to Kg/s
123 Filterd P Reference P Druck r 1-2
DE:
S L
41
LE GE kg/s
DE
= z
P2D t
grnstream [\Write P2 Downstream|
=] | # Save
CE 3_,_,./"| | @ i
| - L TF
P1 Upstream Il i Write alll
123 9 [f
OE [ L
[Write P1 Upstream|
]

2xAua 3.21 Block Diagram tou ‘Orifice Plate (6052c - Druck - GE)’.VI
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m1=1.154510(-3);
d1=999.103;

i=1;

while abs({A1-X1/C)/A1)=10"-14
b=d/D;
A1=((e*(d/1000) 2) sqrt(Z* Dp*d 130/ (r
X1=CAd;

2xAua 3.23 Block Diagram kai Front Panel Tou ‘Eicodog Ap-E¢odog Qm’.VI
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3.4 AmroteAéOHATO CUYKPITIKWV HETPACEWV OTO SiKTUO TTAPOXNS VEPOU TOU
ATTOCTOKTAPA UTTOOAIPEWG

3.4.1 XuykpiTikég peTpnoeig Tou GE pt878 pe 1o peTpnTikd Si1a@OpPIKAG TTiEONG,
STX 2100

To 6pyavo pétTpnong Tng dloQopIkng Trieong, STX 2100, di08£Tel dUo BaABideg yia
TNV €€aépwan, Twv CWARVWY, TTOU OUVOLOUV TO OIOPOPIKO WE TIG TATTEG AVAVTN KAl
Katavtn Tou diappdayuatog. lMpiv T die€aywyr KABe oeIpdg PETPIOEWY YIVOTAV
ecaépwon Twv BaABidwv auTwv.

AleENxOnoav TTOANEG CEIPEG HETPHOEWY METAEU TWV U0 PETPNTIKWYV YIa OAO TO €UPOG
(0 — 6000 Pa) péoa oTo otroio duvaral va dwaoel atmmoteAéouara 1o STX 2100.

Mapakdtw  TTapoucialovtal  TECCEPIC  AVTITIPOCWTTEUTIKEG  OEIPEC  UETPOEWV
OlaopeTIkKoU @opTiou TTapoxng (Tafivounuéveg katd avfouca oeipd) . Eivai
onuavtiké va ava@epbei 0TI yia TNV KAAUTEPN OUYKPION TWV aTTOTEAEOUATWYV
eMAEXONKE N xprion QiATpou yia TIG ueTproelg Tou STX 2100. ETIAéEXBNKE TO AiyOTEPO
TTapeuPaTikd QiATpo Tou KuAiIGpevou péoou dpou (Moving Average) yia Tnv atroQuyn
MEYAANG aAAoiwoNg TwV ATTOTEAEOUATWV.

Katd 1n O&ie€aywyn Twv MPETPACEWY, Trapatnenénke n 0mapén OuCTNUATIKOU
OQAAUATOG. ZUYKEKPIYEVA, N PETPNON atrd To METPNTIKO OIAQOPIKAG TTiEoNg
EUPAVICOTAV OUCTNHATIKA HIKPOTEPN aTTd TN PETPNon Tou poduetpou TnG GE.
2uoTnUAaTIKO o@AAua eueavi(otav oTo oUVOAO Twv PETPRoEWV TTou dleixBnoav Kai
o OA0O TO €UpPOG TWV TTAPOXWY. To OQAAPa dev ATav OTABEPS Kal eu@aviCoTav
OIAPOPETIKS YIO KABE POPTIO TTAPOXNAG. 2TA TTAPAKATW dlaypduuaTa TTapIoTAVETAI KAl
0 Péoog 6pog TNG TTAPOXNG KABe CeUyoug HETPAOEWY TWV ETTINEPOUG WETPNTIKWV
(Mean).

1" ggipd uETPAOEWV

3.95
3.9
3.85
N\_ = 60 per. Mov. Avg. (STX
— 3.8 > 2100)
g
< 3.75 ,-"‘WVWM 60 per. Mov. Avg. (GE
g pt878)
8
s 37
'S W\w —— 60 per. Mov. Avg. (Mean)
a 3.65
3.6
3.55
3-5 T T T 1
0.0 50.0 100.0 150.0 200.0
Xpovog (s)

2xAua 3.24 Aidypaupa porg nalag oto SiKTUO TTAPOXNAS TOU ATTOCTAKTH PO
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2" ggipG ueTONOEWY

5.9

5.8

5.7

s)

== 60 per. Mov. Avg. (STX

% 56

(Kg

v 55

2100)

5.4

5.3

=60 per. Mov. Avg. (GE

Pony MdZa

5.2

pt878)

5.1

D e o S S W W Y

—— 60 per. Mov. Avg.
(Mean)

4.9

50 100 150 200 250 300
Xpovog (s)

2xéon 3.25 Aidypappa porg Hagag oTo diKTUO TTAPOXAS TOU ATTOCTAKTAPA

3" ggipG ueTONOEWY

6.5
6.4
e —
6.3 == 50 per. Mov. Avg. (STX
- 2100)
~
4
~ 6.2
g e — e 50 per. Mov. Avg. (GE
g pt878)
S 6.1
=
& 6 —— 50 per. Mov. Avg. (Mean)
g — w " - S
5.9
5-8 T T T 1
0.0 50.0 100.0 150.0 200.0
Xpdvog (s)

2xéon 3.26 Aidypappa porg nalag oTo diKTUO TTAPOXAS TOU ATTOOTAKTAPA
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4" gglpd UETONTEWY

7.7

7.6

7.5
7.4

N
w

~
N
|

=50 per. Mov. Avg. (STX
BPE Zaa— e Sy o an S sS  h E

N
=

Pory MaZag (Kg/s)

—— 50 per. Mov. Avg. (Mean)

A
o ©
1

o
N

WAV N iV SW e SV

o
o))

0.0 50.0 100.0

150.0 200.0 250.0 300.0
Xpovocg (s)

=50 per. Mov. Avg. (GE

2100)

pt878)

2xéon 3.27 Aidypappa porg Hagag oTo diKTUO TTAPOXAS TOU ATTOCTAKTAPA

2TOV TTAPOKATW TTIVAKA OUYKEVTPWVOVTAI TA ATTOTEAEOHATA TWV TECOAPWY OEIPWV

METPATEWV.

MeTpioeig otov
ATTOCTAKTAPA

Mécog 6pog TTapoxng
vepou (Kg/s)

Méoog 6pog TTapoxig
Kal Twv duo

Méoog 6pog TwV SlaPopwyV TWV
HETPNTIKWYV TTPOG TO PETO 6pO
NG Tapoxng Kail Twv 8o (%)

STX 2100 | GEptg78 | MeTPNTIKWYV (Kgls)
1n ocipd pepnoswv 3,667 3,818 3,742 4,03
2n os1pd uePRoEWV 5,136 5,810 5,473 12,32
3n osipa uspriocswv 5,953 6,360 6,156 6,60
4n ocipd pepPnoswv 6,821 7,557 7,189 10,24

To ouoTnUaTIKO C@AAua @épeTal va PETABAAAETaI O OXx€On MHE TO QOPTIO TNG
TTApoxNG aAAG Ox1 pe TPpOTTO avaloyo. OTTwG TTEPIyPAPETAl TTOPOKATW, TO OPAAUQ

autd OXeTICETOI

ME KATTOIOUG QUOIKOUG TTEPIOPIOPOUG TNG E€YKATAOTACNG TOU

QTTOOTOKTAPO UTTOBAIYWEWGS Kail dev €ival EQIKTA N TTOOOTIKOTTOINCT TOU.
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3.4.2 ZuptrepdopaTa 1T TWV HETPACEWV

To 6pyavo pérpnong Tng diagopikng trieong, STX 2100, mrepiAaupavel duo BaABideg
yia TNV €€agpwan, Twv CWARVWY, TTOU CUVOEOUV TO Opyavo HE TIG TATTEG avAavTn Kal
KaTtavtn Tou diagpdyuatogs. Katd tnv e€agpwaon Twv BaABidwv autwy TTapartnpionke
n umapén ToAAwv @uoaAidwyv. O1 @uoaAideg autég emmavep@avioviav ae TTOAU
OUVTOMO XPOVIKO SIA0TNUA META TNV TTPONYOUMEVN EEQEPWON.

~

Pwroypagia 3.8 E¢aépwaon Twv BaABidwy Tou opydvou PETPNONG dIOQOPIKAG TTiETNS

JUPTTEPACUATIKA, UTTAPXOUV U0 UTTOBECEIG OI OTToiEG aITIOAOYyoUV Tn dlagopd Twv
TIMWV TWV dUO PETPNTIKWV.

H Otmmapén guoaAidwyv utrodeikvuel TRV mOavr UTTapén aépa péoa oto SiKTUO
OWANVWOEWY TOU OTTOOTOKTHPA KAl KAT €TTEKTACN N PETpnon Tou STX 2100
MTTOPEN VA EP@AVICETAI EOQPAAUEVN.

H Omapén @uoalidwv @avepwvel Tnv mOavh dnuioupyia oTrnAaiwong oTn
yermovid Ttou  dlappdyuatog. Katdvin Tou Sia@pdyuatog PBpioketal n
(PUYOKEVTPIKI avTAia n OTToi0 OPWG TTAPAPEVEI KAEIOTH YIA Tn OUYKEKPIMEVN
OeIpa PETPACEWV AEITOUPYWVTOG WG MIO TTPOCOETN avTtioTaon oTn PON.
Katdvtn g avtAiag autng , Bpioketal n BaABida oTpayyaAiopol Thv OTToia
TTEPIOTPEPOUPE WWOTE VA PIKPUVOUME TNV TIUA TNG pong. YTrevBupiletal OTl TO
METPNTIKO DIOQPOPIKNG TTiEoNg duvatal va PETPAOEl TIUEG TTieong éwg 6000 Pa
TTOU peTa@padeTal o€ pory palog 7,14 Kg/s Kal CUVETTWG N TTEPIOTPOPNA TNG
BaABidag auTig kpivetal atrapaitntn. lowg n eméupacn autr) o€ cuvduaoud
ME TN ponrl Tou vepoU BIAPECOU TNG PTEPWTNG TNG aAvTAiag, va dnuioupyouv
@aivopeva otrnAaiwong odnywvTtag 1o dId@payua Kal Kat eTTéEKTacn 10 STX
2100 o€ eo@aAuéva aTToTEAEOUATO.
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Pwroypagia 3.9 Eykatdotaon HETPNTIKOU dI0@PAYUATOG

3.4.3 ZuykpITIKéG pETPiOEIG TOU GE pt878 pe Toug e{okpuoTdAAoug 6052¢ Tng
Kistler

Pwroypagia 3.10 MetpnTiKdG £EOTTAICNSGS OTO SIKTUO TTAPOXIG TOU ATTOCTAKTAPA

88



Omwg  Tmpoavo@épbnke kol o€ Trponyoluevo  €ddgio  (MéBodog pérpnong
TECONAEKTPIKWY AIoBNTApWV TTiEong-oeA. 70), AOYW KATACKEUAOTIKWV TTEPIOPICHWY,
n pETpnOoNn NG TTieong ammo Tov TMECONAEKTPIKG aioBNnTApa PETPNONG TNG TTiEoNG
avAavTn, OTTEiXE XPOVIKA, atrd Tn PETPNon Tou TefonAekTpikoU aiobntripa PETPNONG
TNG TTEONG KATAVTN. ZUVETTWG YIa v OAOKANPwWOEI 0 KUKAOG TNG METPNONG KAl TWV
Ouo aiIoBNTAPWYV atraitouvtav Kamola s. KaBe petpnBeioa, AoImov, TIPRA TNG TTAPOXNS
a1Td TOUG OUO aIoONTAPES QTTEIXE XPOVIKA ATTO TNV ETTOPEVN KATA HECO 0po 8 — 16 s.

Ol peTpRoeIg OTO BIKTUO TTAPOXAG TOU ATTOOTOKTHPA UTTOBAIWewS £yivav yia dUo
OIAQOPETIKA €Upn TTapoXwV. H TTpwTn CEIpA YETPACEWY £YIVE UE TTARPWG AVOIXTA TN
BaABida oTpayyaAiopoU Kal TNV QUYOKEVTPIKA avTAia KAEIOTH, evw n &euTtepn OeIpd
LETPNOEWV EYIVE PE TN QUYOKEVTPIKA avTAia oe Asitoupyia. O1 peTPAOEIG Kal AtTod TA
OUO PETPNTIKA ATAV KOVTA Kal OTIG dUO CEIPEC PETPAOEWY, XWPIS va gugaviovTal Ta
TPOBAAUATA TTOU TIAPOUCIACTNKAV HE Tn XPAON TOUu Opydavou WPETPNONG NG
Ola@opIKAG TTiEONG.

MNa k@be oelpd YETPAOEWY TTapouciadovTal dU0 avTITTPOCWTTEUTIKG deiypata (A, B)
TTou AA@ONnkav oTig 12/04/2014 10 A (deiypa 1A, deiypa 2A) kai oTig 13/04/2014 10 B
(Seiyua 1B, deiyua 2B). Zuykekpipéva:

o Apxikd avatrapioTwvTal oTo D10 diIdypapua o1 evoeicelg yia mn pony Tou GE
pt878 kai Twv melokpuoTaAAwv TG Kistler, 6052c.

e 3Tn ouvéxela TTapaTifetal To dIAypaPa TNG atroAUTNG TIMAG Twv dIAaQopwV
TTPOG TNV TTPOTUTIN PETPNON (METPNON aTTd TOUug TTIECOKPUOTAANOUG).

o Kataokeudletal 1o didypauua diacTropdg Twy dU0 PeBddWV PETPNONG Kal
UTTOAOYICETAI O CUVTEAEOTNG YPAMMIKAS CUOXETIONG, . ETTE1dn Ta deiypata Twv
TOPAKATW  CEIpWV  METPACEWV  €ival  MIKPA,  gd@avifetal  PeydAn
aTTPOCdIoPIoTIO TNV EKTIKNON TOU I yIa TOV TTANBUOIAKO ouvTeAEOTH (UEYGAO
TAdToG¢ ToUu 95% OlooTAPATOG ePTTIoTOOUVNG). H  xprion Aoimmév  Tou
OUVTEAEDTN CUOXETIONG €ival TTEPICOOTEPO EVOEIKTIKN.

o TEAog, yia Tnv KOAUTEPN OUYKPION Twv dUo HEBOdwY, XpnolpotrololvTal Ta
olaypauuata Bland-Altman.

Merpriosic xwpic 1n Asgitoupyia T1nG @uUYOKevipikngG avridiag (17 oeipa
METPHOEWV).

Aciyua 1A — 12/05/2014

9.5
9.45
9.4
- 9.35 -
SN
bh e/ per. Mov.
% 23 Avg. (GE
_% 9.25 pt878)
2 92
3
a 9.15 @/ per. Mov.
Avg. (Kistler
9.1 6052c)
9.05
9 T T T 1
0 100 200 300 400
Xpovog (s)

>xAua 3.28 Aidypappa porg padag oTo diKTUO TTAPOXNS TOU ATTOCTOKTI PO
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IS

w
w

2.5

1.5

o

Awadopd petafy pedodwv (%)
N

50 100 150 200 250 300 350
Xpovocg (s)

o

2xNua 3.29 Aigdypappa TG atroAuTNG TIMAG TwV dIAQOPWY WG TTPOG TNV TTPOTUTIN
METPNON

Méooc 6poc Twv diapopiv: X =0,30%.

95

GE pt878

9.3 9.4 9.5
Kistler_6052¢

2xAua 3.30 Aidypaupa dilacTropds Twv dUO0 HEBGOWY Kal YPapun TTaAivépounong
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MetaBAnTq Y GE pt878
MetaBAnTA X Kistler 6052¢
Ap18uog AsiypdTwv 39
ZuvteAeoTAG ZuoxéTiong Pearson, r 0,41
2UVTEAEOTAG I? 0,17
21a0pun AglotioTiog P=0,0106
95% AlaoTAparog Epmiotoodvng yia to r 0,102 ¢wg 0,639

H ypauuiK cuoxETion METAEU Twy PETARANTWY eP@avieTal aogBevAG KAl GUVETTWG N
OUMTTEPIPOPA TwV UETPACEWY Tou GE pt878 ptropei va TTpoBAe@Bei oe TTOAU HIKpd
TT0000TS ATro TN dIOKUPAVON TWV JETPACEWY aTTo Toug aloBnTrpeg 6052c¢.

10F
Sl o +1.96 SD
2 el o 0,74
&S L o© ©
© 9]
8] 04 -
z i o o° ©
@ 02 o0 5 0
[ve] L
=% O e TR Mean
| 00 —TeTTE —
o 5 o o 0,01
; I 0© o)
o 02 @] O Cg
o
8t °© 9
© 04 © ° g
Lok}
z 06 - © © ©
S | -1.96 SD
______________ g mmmmmmmmmmmmmmmmmmmmmmmmmmm— e oD
08k -0,72
1.0 . 1 . 1
9.3 9,4 9,5

Mean of Kistler_6052c and GE_pt878
2xAua 3.31 Aidypaupa Bland-Altman yia tn oOykpion Twv 800 peBOdwvY péTpnong

A6 10 didypauua Bland-Altman TrapaTnpeital n amrousia cuoTNPATIKOU 0QAAUATOG.
To oUvoho Twv ueTpocwV PBpiokeTal evidg Twy opiwv 1,96SD kai -1,96SD (0,74%
Kal -0,72% avTioToixa) he TNV TTAEIOYN@ia Twv onueiwv va Bpiokovtal 0To dIGCTNHA
+0,50% . Zuptrepaopatikd, Trapatnpeital TTOAU KoA cup@wvia peTagu Twv Yebddwv
MéTPNONG TNG pPOAG. EmmpooBétwg, amd Tn ypauu moAivopdéunong (Lwp
Olakekoupévn) dev dlagaiveTal KATTola avaAoyia Tou o@AAUATOG PE TO PEyEBOG Tou
MEOOU Opou KABE (EUYOUG UETPIOEWV.
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Acgiyua 2A — 13/05/2014

10

9.9

9.8

3.7 4 per. Mov.

9.6 Avg. (GE
_— Pt8ve)

Lo
~

@/ per. Mov.

Por Madag (Kg/s)
(Vo]
wv

o
w

Avg. (Kistler

6052c)

9.2
9.1
9 T T T T T 1
0 50 100 150 200 250 300
Xpovog (s)

2xAua 3.32 Aidypaupa pong Halag oto diKTUO TTAPOXAS TOU ATTOCTAKTH PO

3.5

2.5

15

Awadopd petafh pedodwv (%)
N

0.5

YAV AUA

VAV_VVEE

0 50

100

150 200 250 300
Xpovog (s)

2xAua 3.33 Aidypaupa TG amméAuTng TIWAG Twv SIAQOPWY WG TTPOG TNV TTPOTUTTN

HETPNON

Méooc 6poc Twv diagopiav: X =0,46%.
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9,60 -

9,58 -

9,56 |~

GE_pt878

9,54 -

9,52 -

950 _I L | L |
9.4 9,5 9.6
Kistler_6052¢c

ZxAua 3.34 Aidypaupa diacTropds Twv OU0 HeBGOWY Kal ypauun TTaAivdpounong

MeTaBAnTR Y GE pt878

MeTafAnTi X Kistler 6052c

Ap1O0p6g AsiypdTwy 27
2uvteAeoTAG ZuoxéTiong Pearson, r 0,44
2UVTEAEOTAG I? 0,19
Z1a0un ASlomioTiag P=0,0229
95% AlaoTAparog Epymioroodvng yia 1o r - 0,700 éwg -0,068

To evdIa@épov OTn OUYKEKPIUEVN OEIPA PUETPHOEWV gival OTI TTAOPOUCIAZETAI QVTIBETN
OuoXETION PETAEU Twv PeTaBAnTwy. H cuoxémion auth, BePaiwg, eppavifeTal aoBevig
yia va AneBei ooBapd utrown.

93



1.5
+1.96 SD
1,0 |m===mmmm e e e - -
=S ' 1.02
S
= o0
Z 05} . o N o
= o
% o O 0 @] @]
= O e Mean
w WP - 501
© o o |
& © o
3
g 05 o
E o) % ] ]
i
= -1.96 3D
B e ————
-1,00
-1.5h . 1 . I . 1 . I
9,52 9,54 9,56 9,58 9,60

Mean of Kistler_6052c and GE pt878
ZxAua 3.35 Aildypaupa Bland-Altman yia tn auykpion Twv dUo peBOdwv pETpnong

210 d1dypaupa Bland-Altman, o yéoog 6pog Twv diagopwy gival Kal TTAAI oxedoév 0%.
OAeg o1 petproelg Bpiokovral evidg Twv opiwv 1,96SD kai -1,96SD (1,02% kai -
1,00% avrioTolXa) evid O MPeyaAUTEPOG OYKOG onueiwv Bpioketal oto didoTnua
+0,70% . Bdoel Twv opiwv auTwVv CUUTTEPAiIVOUNE OTI oI dU0 PéBodOI PETPnoNg TNG
pong BpiokovTtal o€ TTOAU KaAr} cupgwvia. ETriong amd tn ypauun mTaAivépéunong
Oev diagaiveTal KATTOIA avaAoyia TOu CQAAPATOG PE TO PEYEBOG TOU YETOU OpouU KABE
Celyoug PeTProEWV.
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Merpriosic pe Asitoupyia tng uUYoOKevIpIKAS avTAiag (2" osipd HETPROEWV).

Acgiyua 2A — 12/05/2014

12.8

12.6
) e ) per. Mov. Avg.
12.4 W (GE pt878)

2 per. Mov. Avg.
(Kistler 6052c)

[EN
N
N

[EEY
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[EN
=
o

Por Madgag (Kg/s)

[EEN
=
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[EnY
=
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11 T T T T 1
0 50 100 150 200 250
Xpovog (s)

2xAua 3.36 Aidypaupa pong Halag oTo diKTUO TTAPOXAS TOU ATTOCTAKTH PO

3.5

2.5

1.5

05 ?Awﬂﬁvwg*

O T T T T 1
0 50 100 150 200 250
Xpadvog (s)
>xAua 3.37 Aidypappa TG atroAuTnG TIHAG TwV dIAQOPWY WG TTPOG TNV TTPOTUTTN
pETPNON

Awadopd petagh pebodwv (%)
N

Méooc 6poc Twv diagopiav: X =0,48%.
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125
@]
12,4 |-
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=
®
2 123
w
Q
12,2 o
12'1 1 1 1 1 1 1 1 1 1
121 12,2 12,3 12,4 12,5

Kistler_6052¢
ZxAua 3.38 Aildypauua diacTropds Twv OU0 PeBGOWY Kal ypauun TTaAivépounong

MeTaBAnTR Y GE pt878
MeTaBAnTA X Kistler 6052c
Ap18uog AsiypdTwy 24
ZuvTteAeoTAG ZuoxéTiong Pearson, r 0,60
2UVTEAEOTAG I? 0,36
21d0un AglotioTiog P=0,0018
95% AlaoTAparog Epymioroodvng yia 1o r 0,264 £wg 0,809

O1 dUo peTaBANTEG gu@avifouv péon YPOUMIKA CUOXETION PE OouvTeAeoT) Pearson,
r=0,60 . Eivalr n peyaAutepn 1iur Tou AauBdvel 0 OuvTEAEOTNG ETTi TOU OUVOAOU TwV
METPNOEWV PE AEITOUPYIQ TNG PUYOKEVTPIKAG aVTAIOG.
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Mean of Kistler_6052c and GE_pt878
2xAua 3.39 Aidypaupa Bland-Altman yia mn ouykpion Twv 800 peBddwy péTpnong

H TToAU KA cup@wvia hJeTagl Twv dUo PHEBSdWVY PETPNONG TG PONG ETTIRERAIWVETAI
KAl OTN OUYKEKPIPEVN OEIpG PETPAOEWVY OTTOU YIVETAI KOl XPrion TG QUYOKEVTPIKAG
avtAiag. Mapartnpeital ouoTreipwon Twv onueiwv oTig Teploxég Tou +0,5%. H
ypauunf TTaAivopdunong TTapoudiadel TTOAU PIKPR KAION KAl CUVETTWG OEV EUpaviCeTal
avaAoyia Tou OQAAYATOG O€ OXEON PE TO HEYEBOG TNG HETPOUPEVNG PONG.
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Acgiyua 2B — 13/05/2014

12.7
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a4 per. Mov. Avg.
(GE pt878)
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250

2xAua 3.40 Aidypaupa pong Halag oto diKTUO TTAPOXAS TOU ATTOCTAKTH PO

3.5

2.5

Avadopd petafd pebodwv (%)
N

1.5
1 P~
'A\,\/‘\/‘v’\v\/“'
O T T T T 1
0 50 100 150 200 250
Xpovog (s)

>xAua 3.41 Aidypappa TG atrOAUTNG TIMAG TWV dIAQOPWY WG TTPOG TNV TTPOTUTTN

METPNON

Méooc 6pog Twv diagopwv: X =0,43%.

98




12,6 |-

125

GE pt878

124 -

12'3 _I 1 ] L ] L | L |
12,2 12,3 12,4 12,5 12,6
Kistler_6052¢c

2xAua 3.42 Aidypappa dIacTropds Twv dUO PEBGBWY KAl YPAPUR TTaAIvVEpounong

MeTaBAnTR Y GE pt878
MeraBAnTn X Kistler 6052c
Ap1O0p6g AsiypdTwyv 24
ZuvTteAeoTAG ZuoxéTiong Pearson, r 0,44
ZuvteAeoTAG 1? 0,19
Z1a0un ASlomioTiag P=0,0313
95% AlaoTAparog EpymioTtoodvng yia 1o r 0,045 €wg 0,716

H ocuoxénion twv dUo0 petafAnTwv ep@avifetal aoBevAg, OTTwg cupPaivel otnv
TACIOWYN@Ia TwWV HETPNOEWY OTOV ATTOOTAKTAPO ME XPAON TWV OCUYKEKPIMEVWV
METPNTIKWY. OTTWG @aiveTal KAl OTOV TTAPATTAVW TTiVAKA, N dIa@opd TwV aKPaiwv
TIMWV TOU BIACTAPATOG EUTTIOTOCUVNG YIA TO I gival TTOAU peydAn (0,671).
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ZxAua 3.43 Aidypaupa Bland-Altman yia tn auykpion Twv dUo peBOdwv pETpnong

2710 diaypauua Bland-Altman diagaivetal n TTapoucia evog aueANTEOU GUOTAPATIKOU
OQAALOTOG PE TO PECO OpO TWV dlagopwy va Kupaivetal o1o -0,13%. To oc@dAua
auTd yiveTal gu@avéG Kal oTo dIAYPAPUa POAG MACZAg Twv OUO METPNTIKWY (YIa
t>100s) . H ypauun mraAivdpopnong mapoucidlel undevikr KAion Kol CUVETTWG dev
epaviceTal avahoyia Tou OQAAUOTOG 0 OX€on Pe To HEyeBog TNG pong padag. H
OUMQWVIa TwV PETPAOEWY €ival IKAVOTTOINTIKI UE TO CUVOAO OXEOOV TWV PETPHOEWV
va BpiokeTal YeTagu Tou diaoTtripatog +1% .
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3.4.4 TevIKA CUPTTEPACUATA ETTI TWV NETPHOEWV

Ta atmoteAéopata Twv HETPACEWV TTOU TTAPOUCIACTNKaAv oTnv Trapdaypago 3.4.3
OUYKEVTPUWVOVTAI GTOV TTAPAKATW TTiVaKaA:

1n ogpa HETPHOEWVY 2n CELPA METPROEWV
ZYTKPIZH TON METPHZEQN Aciypa 1A Aciypa 1B Acsiypa 2A Aciypa 1B
12/03/2014 13/03/2014 12/03/2014 13/03/2014

Mécoc 6poc Kistler 9331B 9,363 9,548 12,322 12,407

napoxwv (Kg/s): GE pt878 9,362 9,547 12,326 12,424
Mscfoq 6p0oG TG C(TION:HT]Q tlpr']c Twv 0,30 0,46 0,48 0,43

Sladopwv wg tpog thv npotunn pétpnon (%)
JUVTEAECTIG YPAUMIKNG OUGKETLONG, I 0,41 0,44 0,60 0,44
Méaoocg opo¢ Twv

0,01 0,01 -0,03 -0,13

Stapopwyv, d (%)

limits of agreement
Ataypdpprorta (-1,96SD éw¢ 1,96SD)

Bland - Altman

-0,72% £wc 0,74%

-1,00% £wc 1,02%

-1,04% £wc 0,98%

-1,96% £wc 0,85%

AéloAdynan and 1 éwg 4
(ue 1 v kaAutepn

, , 1 3 2 4
ouuewvia uetaéu Twv
uedodbwv)
2TIC METPAOEIC TIOU  TIpayuartotroifjonkav  oto  OIKTuo TTapOxXNG VvePOU  Tou

QTTOOTOKTAPA, ETTIRERBAIONKE N TTOAU KAAN CUPTTEPIPOPA Kal A&loTTIOTIO TOU QopNnTOU
POOUETPOU UTTEPAXWYV. Katd péco 6po n dlapopd Twv dUo HeBBdwyV dev eTTepvoloEe
10 0,50%, &10opa MIKPATEPN OTTO EKEIVN TTOU PETPNBNKE 0TO KEPAAQIO 2. MNapdAAnAa
olapavnke n KaAUTeEPn ocupwvia Twv duo PeBOdwv pétpnong ota diaypdauuaTa
Bland — Altman. Edw mpétrel BeBaiwg va avapepbei 6T N akpifeia Tng péTpnong tng
PONG WE PETPNTIKO didppayua, éxel o@aAua +2% cuuewva pe 1o 1ISO 5167, opdAua
MEYOAUTEPO aTTO TO OPAAUA TNG PETPNONG PE DUVANOKUWEATD.

EmmpooBétwg, atrouaiace n avaloyia Tou o@AaAuaTog (oxeddv undeviki KAion Tng
YPOUMUAS TTaAivdopounong ota dlaypduuata Bland - Altman) pe 10 @QopTio NG
TTAPOXNG, O€ avtiBeon peE TIG WETPROEIG oTnv TIPOTUTIN d1dTtagn. H atmoucia auth
oQeiAeTal, TO TMOAVOTEPO, OTO YEYOVOG OTI KABe MPETPNON TIAPOXNAG ATTO TOUG
mECOKPUOTAANOUG BlopKOUOE APKETO XpOvo (8-16 S) woTe va Pnv €mopd N apyn
QTTOKPION TOU POOPETPOU UTTEPAXWY TNG GE.

MeTd 1O TTEPAG TWV CUYKPITIKWY PETPAOEwWY Tou GE pt878 ue Toug Kistler 6052¢ Kkai
TNV TTOAU KOAR cup@wvia Toug, emRERaIONKE OTI N ECQAAPEVN PETPNON, OTIG OEIPEG
METPNOEWV PE XPAON TOUu WETPNTIKOU dlagopikig Trieong, STX 2100, TpogpxoTav
atrd 10 dIdPpayua r 1o 6pyavo pETpnong TG odlagopikng TTieong (oeh. 87) kai oxi

OTTé TO POOUETPO UTTEPHXWV.
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3.4.5 Aigpelivnon TwV TTAPAPETPWYV TNG HETPNONG HE TO POOUETPO TNG GE

Otmtwg éxel TTpoavagepOei o1 TTapdueTpol TTou divovTal wg €icodol yia TN YETpnon TG
PONG UE TO POOPETPO UTTEPHXWV Eival: TO TTAXOG TOU aywyou, n eEWTEPIKN BIANETPOG
TOU aywyou, TO UANIKO KATOOKEUNG TOU KOl TO EPYACONEVO HECO TNG PONG.

ANec TTapdueTpol TTou €mdpoUV OTnv OKpifela TG METPNONG €ival N ywvia
TOTTOB£TNONG TOU Opydvou Kai n UTrapén Bageng oTov aywyo.

‘Eyive pia mpootrddeia digpelivnong TnG €TTidpaong OAWV aQuTWV TWV TTAPAUETPWY,
OTO TTAQIOIO TWV CEIPWV PETPACEWY TTOU TTPAYUATOTTOINBNKAY OTO JIiKTUO TTAPOXNS
VEPOU TOU QTTOOTOKTHPA (sensitivity analysis). Zuykekpiyéva yia K&Be oelpd
peTprioewv divoTav AavBaopuévn TiPr o€ Jia TTOpAUETPO dIATNPWVTAG TIG UTTOAOITTEG
owoTéG. Me autdv Tov TPOTTO TTapaTnEABnke n emidpacn TG AdBog¢ TIUAG TNG
TTAPAUETPOU OTN PETPNON OTTd TO POOUETPO TNG GE.

Znuelvetal 6T n diepelivnon auTh eival eVOEIKTIKA KaBWS o1 HETPACEIS TNG PONG, HE
aANoiwon OIOQYOPETIKNAG TTAPANETPOU PETPNONG KABE @opd, atreixav XPOoviKA Kal
0edopuévou TNG PN UTTapgng atréAuTa 0TABEPG POAG OTO BIKTUO, O TTIPAYUATIKEG POEG
OlEQepav £0TW Kal Aiyo.

Eykardaoraon Tou poousTpou oTo SiKTUO TTApOXNS TOU AITOCTAKTHPA
Ooov agopd TNV TOTTOBETNON TWV AICONTHPWY Tou podueTpou GE pt878.

ApxIkd, Aq@Onke uttdWN N atTaiTnon yia v UTmapén eAeUBEpoOU TUANATOG aywyou HE
MAKOG, 10 @opég N BIAUETPOG TOU CWARVA avavTn TOUu Onueiou ToTToBETNONG TWV
aiodnmpwy Kal 5 opég kKatévrn autwy. O aioBnTApPeg TOTTOBETHBNKAV avAVTN TOU
OlapPAYNOTOC ME 0EBACUO OTNV TTPONYOUUEVN aTTaiTNON.

EmmAéov EUoTnke N Bagr 01O onuEio TOTTOBETNONG TWV AICBNTAPWY YIA TNV ETTITEUEN
MEYOAUTEPNG akpiBelag TNG METPNONG KAl AOyw TnNG aTTOUCiag TTANPOQOPIWY Yid TO
€id0g Kal To TTAX0G TNG PTTOYIAG TNG CWAAVWONG.

TéNOG, pe BAon Tnv TTPATACN TOU KOTAOKEUAOTH yia TOTTOBETNON TOU POOUETPOU OF
ywvia 45 poipwv atmd 1o opifévTio eTTiredo, £yive Xapagn dia@opwy YwVIWY yia TNV
eupeon NG BéATIoTNG duvathg (ewTtoypagia 3.10a). Mpémel va avagepBei 611 TO
POOUETPO eUPAvVICE oPAAPa (aduvapia PETPNONG) yia TOTTOBETNON TWV AICBNTAPWYV
O€ ywvia PIKpoTEPN Twv 56,5 polpwv.
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Pwroypagia 3.11 TomobETNON TOU POoPNTOU POOUETPOU GTO SIKTUO TTAPOXNG TOU
QTTOOTAKTAPA

Emidpaon tng ywviag romroBETnong Tou poOUETPOU (EVOEIKTIKA)

EAéyxTnke n emidpaon TnG ywviag TotmoBEéTnong Twv aicdntipwy tou GE pt878 evw
EVOEIKTIKA TTAPOUCIAZETAI £VA CUYKPITIKO DIAYPANHA TwV UETPNOEVTWY XPOVOOEIPWV
PONG Kal €vag TNVAKAG OUYKEVIPWONG Twv aTroTeEAeOPaTwy. E&etdotnke n
OUMTTEPIPOPA TOU POOPETPOU OTIG Ywvieg Twv 90°, 75° kal 56,5°. O1 HETPAOEIG AUTEG
OUYKpivovTal YE TN PETPNON ammd To Opyavo PETPNONG TNG dIAYOPIKNAG TTieong, STX
2100 TnG €KAOTOTE XPOVOOEIPAG. 2T0 OXNUA 3.44 n pétpnon Tou STX 2100 TTPOKUTITE
a1Td TOV PECO OPO TWV TIHWYV TTOU ANPONKav £TTi TOU CUVOAOU TWV PETPHOEWY TOU C€
KABe ocipd TNG oUYKEKPIPEVNG BIEPEUVNONG.

4.8
e 15 per. Mov. Avg.
(GE pt878_90
4.7 poipec)
’_—_—’// -
/\.’-
- 4.6 = e 15 per. Mov. Avg.
= (GE pt878_75
= poipeg)
w
S 4.5
-8
=
Nl — e —
& @15 per. Mov. Avg.
4.4 (GE pt878_56,5
Hoipeg)
4.3
i anne Y, NN g N =15 per. Mov. Avg.
(STX 2100_Méoog
0pOC TWV TPLWV
4-2 T T T T 1 ’
XPOVOOELPWV)
0 20 40 60 80 100
Xpovog (s)

2xAua 3.44 Aidypaupa pong nalag oto SikTUO TTAPOXAS TOU ATTOCTOKTH PO
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Alepevvnon ywviog fwvia 90° fwvia 75° Fwvia 56,5°
TonoB<tnong GE pt878 |STX 2100 |GE pt878 |STX2100 | GE pt878 | STX 2100

Méooc opocg mapoywv (Kg/s) 4,624 4,259 4,669 4,257 4,443 4,256

MéEaog 0po¢ TN amOAUTNG TLUNG
Twv SLoPOoP WY We TPoG TN 8,57 9,69 4,40
UETPNON oo to STX 2100 (%)

Omtwg @aivetal oto didypapua (oxnua 3.44) 1o CUCTNPATIKO TEAAUA JE TO PETPNTIKO
STX 2100 eEakohouBei va uttdpxel aAAG gival JIKPOTEPO yia TN BEATIOTH ywvia Twv
56,5 poipwv. BePBaiwg dev 10xU0€el TO idI0 KAl yia TIG 75 HOIPEG CUYKPITIKA WE TN
MéTpnon Twv 90 polipwy KAl Cuverrwg Oev duvatal va An@Bouv ao@aAn
oupTtrepdoparta. YTapyxel amAwg pia €voeiEn O11 n ywvia TommoBEéTnong eTnpeddlel
péTpnon atrd To podueTpo TNG GE.

Emidpaon Aoirrwv mapauérpwy (evOEIKTIKA)

2TIG OUO ETTOUEVEG TEIPEC PETPHOEWV, Ol OTTOIEG DIAPOPOTTOIOUVTAI WG TTPOG TO POPTIO
NG TTAPOXNAG, EAEYXTNKAV Ol AOITTEC TTAPAPETPOI TToU €mMOPoUV OTn METPNON OTTO TO
POOUETPO. ZUYKEKPIPEVA ARPONKay:

a) MeTpAoeig attd TO POOUETPO HE OAEC TIC TTAPANETPOUG OWOTEG (GE pt878 — oxnua
3.45/46)

B) Metpnoeic pe AavBaopévn eicodo yia 10 epyalduevo péco, glycol avri vepou
(Glycol — oxnua 3.45/46)

y) MeTprioeig ye AGBog €ic0do yia To UAIKO KATOOKEUARG TOu aywyou, stainless 304
avTi Kolvou xaAuBa (Stainless 304 — oxniua 3.45/46)

0) MeTproeig oe onueio Tou aywyou OTToU gival EMKAAUPPEVOG pE Baen (Baprn —
oxAua 3.45/46)

€) Metproeig pe AdBog €icodo yia 1o TTéx0g ToIXWHUAToG Tou aywyou, +0,1mm atd 10
TPayMaTiko (+0,1 1o TTaxog — oxAua 3.45/46)

() Metproecig pe AdBog €icodo yia Tnv EwTePIKN DIAPETPO Tou aywyou, +0,1mm atrd
TNV TTpayuartikf (+0,1 n didpeTpog — oxfua 3.45/46)

O1 mapdauerpol 1NC OIaUETOOU Kal TOU TTAYOUC TolxwuaroC aAdoiwbnkav kard 0,7mm
yiari 16on gival n uéyiotn akpiBEia tnC u€TpNonNC UAKOUC LE KOIVO TTAXULETPO.

270 oXnuaTa TTou akoAouBouv n pétpnon Tou STX 2100 TTPOKUTITEI ATTO TOV PECO
OpPO TWV TIHWV TTOU ANPBNKav £TTi TOU CUVOAOU TWV PETPHOEWY TOU O€ KGO ocIpd TNG
OUYKEKPIPEVNG BIEPEUVNONG.
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>xAua 3.45 Aidypappa pong pagag oto diKTUO TTAPOXNSG TOU ATTOCTOKTH PO
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2xnua 3.46 Aidypaupa porg Hacag oto SiKTUO TTAPOXIG TOU ATTOCTOKTH PO
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Ta ammoteAéopata Twv OUO CEIPWV PETPACEWY TTAPOouUCI&lovTal OTOUG TTAPAKATW
Tivakeg. O HECOG OPOG TWV UETPACEWY TOU POOUETPOU, HE DIAPOPETIKA TTAPAUETPO

aAlolwpévn KEBe @opd,

XpPovooeipdga.

OUYKPIVETAlI PE TN METPNON TOU POOUETPOU HE OWOTEG
TTOPAPETPOUG KAl JE TO PHECO OPOo TwV METPoewV atrd 1o STX 2100 Tng exkdoToTE

1n o€IPA UETPROEWV
Mégoc 600 Méoog 6pog Tng amoAuTng Tiurg Twv | Méoog 6pog TnNS amoAuTng TIuNg
AAANOIQMENH Méoog 6pog oo g o . fo SIaPOPWV WG TTPOGS TI HETPNCTI UE TWV S1aQOPWV WS MPOg TN
NMAPAMETPOZ mapoxwv (Kg/s) PoXTIS M OAgg TIS TAPAUETPOUS CWOTES (%) METPNON amé 1o STX 2100 (%)
STX 2100 (Kg/s) i @)
GE pt878 (6Aeg o1
mapGueTpoI 5,768 5,135 0,00 10,97
OwOoTES)
Glycol 5,820 5,137 0,90 11,73
Stainless 304 5,923 5,133 2,68 13,33
Baen 5,760 5,137 0,14 10,82
+0,7mm 10 maxog 5,735 5,128 0,57 10,58
+0,7mm n Si1dueTPOS 5,804 5,132 0,62 11,57
2n oelpd HETPROEWV
Mégoc 600 Méoog 6pog Tng amoAurng Tiurg Twv | Méoog 6pog NG amoAurng TiunRg
AAAOIQMENH Méoog 6pog 0o g o . 50 S1apopwV w¢ PO TN HETPNOT) HE Twv 31aPopwv we mPog 1N
NMAPAMETPOZ mapoxwv (Kg/s) POXNS M OAEG TIC TAPANETPOUS OWOTES (%) MéTpnon amd 1o STX 2100 (%)
STX 2100 (Kg/s) 2 @
GE pt878 (6Agg o1
TapduETPOI 7,556 6,821 0,00 9,72
OwOoTES)
Glycol 7,847 6,822 3,86 13,07
Stainless 304 7,858 6,822 4,00 13,19
Baen 7,423 6,822 1,75 8,10
+0,7mm 10 mdxog 7,798 6,819 3,21 12,55
+0,7mm n SidueTpog 7,750 6,822 2,57 11,98
ZYTKENTPQTIKA
MW+®@ B+@
ANOTEAEZMATA KAI — —
TQN AYO ZEIPQN
METPHZEQN
Glycol 2,38% 12,40%
Stainless 304 3,34% 13,26%
Baen 0,95% 9,46%
+0,17mm 10 TTd)xO0¢ 1,89% 11,57%
+0,17mm n diaueTpog 1,60% 11,78%

H 1Tapduetpog mou @épetal va eTnpeddel TTEPICCOTEPO TN PETPNON TOU POOUETPOU
gival To UANIKO TOU TOIXWHATOG TOU OWARvVA, PE TNV TTAPAUETPO YyIa TO £PyalOPEVO
MECO va aKOAOUBEi. ZnuavTikh €TTIPPON @aiveTal va €xel Kal N AdBog €icodog yia Tn
O1dpeTpo Kal To TTaX0G Tou aywyoU (Kupiwg oto oxnua 3.46). H tommoBétnon Tou
pooueTpoU TTavw aTn Ba@r) €xel TN AlydTEPO apvnTIKA £TTIOpaACH.
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Diff Transmitter

197

dwroypagia 3.12 MNpdokTnon dedOUEVWY OTTO TO POOPETPO UTTEPHXWY KOl
TO PETPNTIKO dIOPOPIKAG TTIEONG
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-KEDPAAAIO 4: Métpnon katavdAwong kauoigou KivitTipwv DIESEL
4.1 Merpioeig oto ENM
4.1.1 Eicaywyn

To poduetpo NG GE, pt878, dokIudoTnke Ot OUO OIAPOPETIKEG E£PYACTNPIOKEG
EYKATAOTACEIG, ME €PYalOUEVO HECO VEPO Kal dIATMOTWONKE N  IKAVOTTOINTIKNA
AgIToupyia Tou OTO TTAQICIO TWV EAEYXOMEVWY £PyacTNPIOKWY ouvBnkwyv. ETTouevo
Bripa nTav n dokiuA Tou o€ KivnTApPa Diesel, ye oTdX0 TNV £0pEON TNG PONG KAUGIUOU
Diesel ka1 kat €TéKTAON TNG KATAVAAWONAG TOU. [1pOG TNV ETTITEUEN AUTOU TOU OTOXOU
Eylvav UETPNOEIG oTov 6-KUAIVOpo uttepTTAnpwuévo 4-X kivnipa, CATERPILLAR
3176, o omoiog Bpioketal otnv katox Tou Epyactnpiou NautikAg MnyavoAoyiag
(ENM). Qg pétpnon avagopdg atmo@acioTnke n xpAon tou Cuyou tou ENM, Travw
OoToV OTToi0 BpioKeTal TOTTOBETNUEVN N deCapEVR TPOPODOTCIAS KAUGIOU TNG MNXAVHG
(day tank).

4.1.2 IS1autepOTNTES TNG HETPNONG KAl EUPECN TNS KATAVAAWONG TOU KAUTiIOU

H Baoikn dlagopoTroinon YE TIG TTPONYOUUEVEG OEIPEG PETPAOEWV gival N aAAayr} Tou
epyaloéuevou péoou, Diesel avti vepou.

To dikTuo TTOPOXNG TOU KIvNTAPA, TTeEPIAaPBAvel dU0 ypauuéS POAG Kauaiuou: Tn
ypauun Tpogodoaciag (supply line) kar tnv emoTtpoeny (return line) Tou dkauoTou
Diesel. H emoTpo®r], apol wuxBei e evaAAAKTn BepudTNTOG, KATAANYEl TTIOW OTN
oeapevh TPOPodOTIag KAUGIUOoU.

2UVETTWG, YIo TNV €Upecn TnG TTOPOXNS Tou KATAVOAWBEVTOG Kaugaiuou, cival
ATTaPAITNTN N TAUTOXPOVN HETPNON TWV TTAPOXWYV TWV OUO YPAUMWY Kal n agaipeon
TWV OUO TIMWY. 2TO onuEio auTd TTPOKUTITOUV dUo coBapd CnTAUOTA:

o Xwpig TN Xprion 600 POOUETPWY, £va YIa KABE ypauunA, N HETPOUUEVN TTApOXNA
a@opd dUO DIAPOPETIKEG XPOVIKEG OTIYHEG apoU TTPETTEl KABE @opd va yiveTal
emavarommobéTnon Tou opydvou. AnAadr, o1 TIUEG TwV METPACEWV TTOU
agaipouvtal, dev cuvdEovTal Xpovikd peTaiu Toug, KaBwg ARPOnkav o€
OIAPOPETIKEG XPOVIKEG OTIYMES. Ta TNV AVTIMETWITION Tou TTPORAAUATOS
auTou, dlaTnpeiTal yia £va Xpovikd dIdoTnua oTaBepd TO YOPTIO TNG UNXAVAG
Kal AauBdaveral o u€oog 6pog TNG TTAPOXNG TNG YPAMMKNG Tpoodoaiag. INa idio
XPOVIKO dIdoTNUaA, TOTTOBETEITAI TO POOUETPO OTN YPAPUN TNG ETTIOTPOPNG KOl
uttoAoyiZeTal Kal TTAAI 0 HECOG OPOG TWV TIMWYV TTOU TTPOOKTWVTAIL. MeTd aTTd
ag@aipeon Twv dUO YEowV OpwV TTPOKUTITEI dia TTPOCEYYIOTIKA TIUA YIa TN pon
Tou Diesel TTou kaiyeTal aTov KivnTrpa.

e Kal AN Opwg n TIMA auTth gp@avidetal TTPoRANMATIKA KoBwg oTIG dUo
YPOAMPEG TTaPOXAG uTTapxel Bepuokpaaiakr) diagopd. H diagopd auth dev
pTTOpEl v apeAnBel KaBWG peyaAlTepn OepuoKpACia  CUVETTAYETAI KOl
MEyaAUTEPO OyKO. Mia AUon, gival n eupeon TNG pong padag KABe ypaupng Kai
n agaipeor Toug. MNa va yivel autd €ival atmmapaitnTn n yvwon g TIUAG NG
TTUKVOTNTOG TOU Kauaiyou. H Tipr auth €ival S1oQopeTIKA yIa KABE ypauur Kai
AN Adyw NG Beppokpaciaknig diagopds. MNvwpifovtag TNV TTUKVOTNTA TOU
Kaugigou oTtoug 15° C, vyivetar 816pOwon TnNG OUYKEKPIPEVNG  TIUAG
AapBavovrag umown Tn Beppokpacia KaBe ypapung. H di6pbwon aut
MTTOPEI va yivel pe Xpron TIVAKwWY Kal dlaypauudTwy TTou TTapéxovTal aTro
Tov API (American Petroleum Institute).
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Bpiokovtag Aoimmév yia éva otabepd @opTio TG PNXavhg, 1o PHECO Opo TNG PONg
MA&Cag TOU KaUGiou KABE ypaupAg, a@aipoUpe TIG OUO TIMEG Kal UTTOAOYICOUNE TN pon
TOU KaTavOAWBEVTOG Kauaiyou TNG uNXavAs. MoAAatTAacidfovTag Tnv TIKA auTr YE TO
XPOVIKO didoTtnua Asitoupyiag Tou KivntApa, uttoAoyiouue Tnv KatavaAwBeica
TooétnTa Diesel yia 10 xpoviké didoTnua auto.

2xnua 4.1 O kivnmpag CATERPILLAR 3176 o1o utroyeio Tou ENM [25]

2uvdsoIoAoyid TOU POOUETPOU IE TTPOCWITIKO UTTOAOYIOTN

>& oUyKpION ME TIG TTPONYOUMEVEG PETPAOEIG, ATTOPACIOTNKE N ouvdeon TnG €§6d0U
TOU podueTpou, YEow KaAwdiou, ameubeiag otnv kapTa DAQ Kal Xwpig TN Xprion
avTioTaong yia 10 JETOOXNMATIONO Tou oAuaTtog o€ Volts.

H kd&pta mou xpnoipotroinOnke eivar n NI 9203.

2xAua 4.2 Kapta DAQ, NI 9203, Tng National Instruments [24]
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4.1.3 Xxediaon Tou TpoypdupaTog TPOoKTnong dedopévwy ‘GE PT878 Diesel
(MA)”. VI

MNa 1ig avdykeg Twv YeTpAoewv oto ENM, oxedidotnke 10 TTEPIBGANOV TTPOCKTNONG
oedopévwy ‘GE PT878 Diesel (mA).VI otnv TTAat@éppa LabVIEW. Q¢ TTapdueTpol
€10AyoVTal N TTUKVOTNTA TOU KAUGIKOU Kal TO XPOVIKO SIAoTAUG PEXPI TNV ETTOMEVN
ociypaToAnyia. Me Tnv e€mAoyny save ammoBnkelovTal ol TIUEG TNG TTApoXNG o€ It/s,
Kg/s, Kg/h kai gr/h. BeBaiwg OTTwg mTpoavapEpdnke, ol povadeg padag xpeiddovral
016pBwaon KATA TNV £TTEEEPYaTia Twv PETPHoEWY Adyw NG dlagopdg Bepuokpaaiag
TWV powv Tou supply kal Tou return. To TTPOYPAPUA OXESIAOTNKE ME YVWHOVA TN
MEAAOVTIKY) EVOWUATWON TOU 0€ KOIVO TTEPIBAAAOY, yia Tn OIEVEPYEIQ UETPAOEWYV, UE
TN @opnTr HovAda agpiwv PUTTWV Kal IoXU0G Tou ENM.

2xéon peraocxnuariocuou Tou ouarog Tou podusrpou tn¢ GE

PuBpiCoupue wg eAaxiotn Tipn Tapoxng 1a 0 It/sec n omroia avrioToixei oTa 4mA Kail wg
MéyioTn TiuA Ta 0,5 It/sec TTou avTigToixei ota 20 mA.

H egiowon maipvel Tnv TNk TG popery: y =0,0313x-0,125

0.6

o
U

y =0.0313x - oy
o,oo/
0 1 1 1 1 1 1 1

0 0.005 0.01 0.015 0.02 0.025
Pebpua (A)

o
>

o
(N)

Pon Pguotob (It/s)
o
w

o
[EN

2xAua 4.3 Zxéon JETAOXNUATIOKWOU TOU ONUATOG TNG POAG PEUCTOU
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2xAua 4.4 Block Diagram Ttou ‘GE PT878 Diesel (mA)’.VI
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Drcguea T khipoko y yio 0 2eog Gm max = Ow max*Fuel Density (kg/L)
STQP

GE PT878 (Kg/s-Time) et e rormuieresur % | GE PT878 (L/s-Time)

GE PT878 (Formula Result) [N
0,5-

0,5-

Fuel Density (Kg/L)

o

0.45- 0.45-

0.4+

g . 0,4-
milliseconds to wait o e
90 ;;‘w 02 2 03-
= S
£ 025- < 0,25-
Fuel Density g oz 5 0
0.8347 Kg/L 0,15+ ” 15-

Water Density
0.99103 Kg/L
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- 0 0 0

gr/h Kg/h

2xAMa 4.5 Front Panel Tou ‘GE PT878 Diesel (mA)’. VI
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4.1.4 Aic§aywyn HETPACEWYV KAl TTOPOUCIOCT TWV ATTOTEAEOUATWYV

Alevepynbnkav Tpia OeT  MeTprioewv oTov KivnTApa Tou ENM. To 1° oer
mpaydatoTroinke oTig 03/06/14 kai &Uo akoun o€t oTig 05/06/14. Apxika
TTpoeTOINAOTNKE 0 €COTTAIONOG TTou atroTeAeiTal atmd To podueTpo NG GE, Tnv képTta
DAQ NI 9203 kai €va laptop. Akéun QTTOQACIOTNKE TO ONMEIO TOTTOBETNONG TOU
aicbnmpa Tou GE pt878 woTe va TAnpolvTal Ol aTTapaiTnTeEG TTPOUTTOBECEIS yIa TN
owoTA Asitoupyia Tou. H Bagr) ota onueia TotmoBéTnoNg Tou aiIcbnTrpa, EUoTNKE yia
TNV €TTITEUEN PEYAAUTEPNG OKPIBEIOG.

Q)

Pwroypagia 4.1 TotmoBETNON Twv AICONTAPWY OTN YPAPWN TPo@odoaiag (a) kai aTn
YPOUMNA TNG ETTIOTPOPNG (B) OTO BiKTUO TTAPOXAS TOU KIVNTAPA

KaBe oer petpioewyv OINPKNOE €iKOal AETITA. 2ZUYKEKPIUEVA, TO POOUETPO
TOTTOBETOUVTAV VIO KA AETTTA OTNV YPOUMN TNG TPOPOBOCiag Kal déKa AeTITd OTn
YPOUMA TNG ETTIOTPOYNG. ZTNV apxn Kal oto TEAOG KABe dekaAétrTou AAQOnkav
QPwToYpaicg TNG £vOeIgnsG Tou Cuyou yia TOV TTPOCBIOPICHO TNG METPNONG AVOPOPAG
(o€ KQ).

MapdAAnAa, xpnoigotroiNdnke Kal  évag aiodnTpag PETPNONG
Bepuokpaaoiag, Ye xprion uttepuBpwy, TnG Fluke yia Tn péTpnon tng
Bepuokpaciag KABe ypauuAg TTapoxng.

dwroypagia 4.2 MetpnTikOG €EOTTAIOUOGS yIa Tn dievépyeia HETPrOEWY aTo ENM
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Katd Ttnv emefepyacia Twv HPETPACEWV TTapatnpnOnke HeyaAn diakipavon Twv
METPAOEWV OTTO TO POOUETPO uTTEPAXWV. TMa TN PeAETN TNG dlaKUPAvVONG QUTAG
UTTOAOYIOTNKE N TUTTIKA aTTOKAION, S, KABe OeIpdg PETPAOEWV KABWS KAl N OXETIKN
TUTTIKA aTTtOkAion i &€ikTng peTaBANTOTNTAG, %RSD. O 8¢€ikTNG AUTOS EKPPAZETAl WG
TTO000TO £TTi TOIG €KATS KAl OPIdeETAl WG:

% RSD = %100%, OTTOU S: N TUTTIKA ATTOKAION TWV PETPHOEWV Kal

X : 0 HEOOG OPOG TWV PETPHOEWV TOU BEIYUATOG

17 oeipa Sokiuwyv — 03/06/2014

ApXIKa puBuioTnke n Aeitoupyia Tou KivnThpa oTig 1550 oTpo@ES (rpm).

*'k

|

Pwroypagia 4.3 MNMivakag eAéyxou Tng CAT

Katd tnv évapén kai 1o TEpag KABe SEKAAETTTOU PETPNONG OTOV KIVNTAPA, AReBnkav
QwToypagieg TG evoeiewg Tou Cuyou. 210 1° OeKAAETITO WETPNONKE N Por Tou
KQUQOIioU OTn YPAUMA TPOoPodooiag Kal oTo 2° SeKAAETTTO, N PO OTN YPOUUA TNG
ETMOTPOPNG.

"/

dwroypagia 4.4 Evdeiteig Tou {uyoU OTnV apxr Kai To TTEPAg Tou 1%V SEKAAETTTOU
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dwroypagia 4.5 Evdeiteig Tou Cuyol aTnv apxr Kai 1o TTEPAG Tou 2% SEKAAETTTOU

Ta ammoTeAéoUATA TWV PETPACEWY TOOO aTTO TO (UYO OCO0 KAl AaTTd TO POOUETPO TNG
GE OuyKevTpwVOoVTal OTOUG TTAPAKATW TTIVOKEG:

3/6{2014 ] ENAEIZH ZYTOY (Kg) KATANAAQOEIXA
1n Xepa petpricemv II0X0OTHTA DIESEL(Kg)
Apyn 1ov AekdAenton 43,3 33
[épog 1ov AekéAentov 40 '
Apyn 20v AekdAenton 39,4 34
T¢pog 200 AeKGAENTOD 36 '
XYNOAO 6,7 Kg
3/6/2014 POOMETPO GE pt878
1n Zepd petpricemv 1o Asxdlento (SUPPLY) |20 Aexdiennto (RETURN)
®¢ppokpacio Awtvov (°C) 32 42
AopBopévn un mokvotrag Diesel (Kg/L) 0,8225 0,8153
Méomn Ty Pong Kovaipov (L/s) 0,084 0,078
Tomu) Andkiion, S 0,0024 0,0054
Xyetc) Tome) Andrchion, %RSD 2,89% 7,01%
MEZXH TIMH POHX MAZAYX KAYZIMOY (Kg/s) 0,0692 | 0,0633
MEXH TIMH KATANAAQXHY KAYXIMOY 0,0059 Kg/s
KATANAAQOEIZA ITOXOTHTA DIESEL | 7,07 Kg

2Uppwva pe 10 poduetpo NG GE katavaAwlnkav Trepittou 7,1 Kg Diesel, evw
oUpewva e TNV €vdeiEn Tou Cuyou, KaTavaAwbnkav 6,7 Kg. ZUvettwg, T0 POOUETPO
Oivel Ty 5,97% peyaAltepn oe oxéon PE Tov CUYO. XTn OCUYKEKPIYEVN O€EIpd
METPAOEWV ep@aviCeTal uwnA n oxeTik Tutnkh atmékAion (%RSD = 7,01%) otn
YPOUMA TNG ETMIOTPOPNAG, UE TIG UETPAOEIS VA EP@PAVICOVTAI APKETA OIOOKOPTTIOMEVES
yUpw atTd TN MéEON TIN.

Mapakdtw divetal kal 70 diIdypauha PETPNONG TNG PONS Kauciuou (L/s) amd 1o GE
pt878.
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2xAua 4.7 Aidypaupa uETpnong pong Kauaiyou oTo supply Kal oTo return

2" geipa dokiuwyv — 05/06/2014

>€ autn Tn o€ipd SOKIYWV O KIVATAPAG AEITOUpYyoUOE GTO PEAQVTI.

-

dwroypagia 4.6 Evdeiteig Tou {uyol OTnV apxr Kai To TTEPAg Tou 1°Y SEKAAETTTOU

dwroypagia 4.7 Evdeiteig Tou {uyol OTnNV apxr) Kal To TTEPAG TOU 2°V SEKAAETTTOU
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5/6{2014 ’ ENAEIZH ZYTOY (Kg) KATANAAQOEIXA
21 Zeaipd perpricev II02X0THTA DIESEL(Kg)
Apyn lov Aexdienton 76,8 03
[Tépag 1ov AekéAenton 76,5 ’
Apyn 20v Aexdienton 76,3 02
[Tépag 200 AeKGAenTon 76,1 ’
2XYNOAO 0,5 Kg
5/6/2014 POOMETPO GE pt878
21 Xepd HETPNGE®V 1o Aexdiento (SUPPLY) |20 Aekdiennro (RETURN)
®eppoxpacio Actoov (°C) 27 29
Aopbopévn tun mokvomrog Diesel (Kg/L) 0,8261 0,8247
Méon Ty Porg Koavaoipov (L/s) 0,064 0,064
Tomucr] Andkhion, S 0,0019 0,0036
Yyetucn Tk Amoxhion, %RSD 2,88% 5,56%
MEXH TIMH POHE MAZAY KAYZIMOY (Kg/s) 0,0532 | 0,0528
MEXH TIMH KATANAAQYXHY KAYXIMOY 0,0004 Kg/s
KATANAAQGOEIZA ITOXOTHTA DIESEL | 0,54 Kg

ZUhQwva pe 1o podueTpo TnG GE karavaAwBnkav 0,54 Kg Diesel, evw cUpgwva Je
TNV évdeign Tou Cuyou, katavaAwenkav Trepittou 0,5 Kg. Zuvetmwg, ol TIUEG TOUG
olapépouv TTepiTTou 8%. O PETPAOCEIC OTN YPAMMA TOu return givar kal TTAAI ApKeETA
OI0OKOPTTIOYEVES YUpW aTTd TN péon TIuA Twv peTprioewv (%RSD = 5,56%), aAAd
AyoTEPO O€ oxéan pe TV 11 OEIpd PETPHOEWV.
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o
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0.02
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2:18 pp

Supply

2xAua 4.8 Aidypaupa uETpnong pong kauaiyou oTo supply Kal oTo return
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3" oeipa dokiuwyv — 05/06/2014

2TNV TPITN Kal TEAEUTAIO OEIpd PETPACEWY O KIVNTAPAG AsiToupyoUoe Kal TTGAI OTO

peAavri.
-

Pwroypagia 4.8 Evdeiteig Tou {uyoU OTnV apxr) Kai To TTEPAG Tou 1°Y SeKAAETTTOU

-

Pwroypagia 4.9 Evdeiteig Tou {uyoU OTnNV apxr Kal To TTEPAG Tou 2°V SEKAAETTTOU

5/6{2014 , ENAEIEH ZYTOY (Kg) KATANAAQGOEIXA
3n Zeipd peTpricemv IIOXOTHTA DIESEL(Kg)
Apyn 1ov Agkdrentov 75,9 03
ITépag 1ov Askdrentov 75,6 '
Apyn 20v AgkdAentov 75,5 02
ITépag 200 AekéAenTon 75,3 ’
YYNOAO 0,5 Kg
5/6/2014 POOMETPO GE pt878
3n Zepd perpiiccwv 1o Asxdlenro (SUPPLY) |20 Askdlemmro (RETURN)
O¢eppokpacio Awctvov (°C) 31 33
AopBopévn tun mokvottog Diesel (Kg/L) 0,8233 0,8218
Méon Ty Porig Kovaipov (L/s) 0,065 0,064
Tomikn) Amdrhion, S 0,0020 0,0017
Zyetc) Tomk) Andrhion, %RSD 3,09% 2,66%
MEXH TIMH POHX MAZAY KAYXIMOY (Kg/s) 0,0532 | 0,0527
MEXH TIMH KATANAAQYHY KAYXIMOY 0,0004 Kg/s
KATANAAQOEIZA ITOXOTHTA DIESEL | 0,53 Kg

ZUpgwva pe 1o poodueTpo NG GE katavaAwBnkav 0,53 Kg Diesel, evw ocuugwva pe
TNV €vdeign Tou Cuyou, katavaAwenkav repitrou 0,5 Kg. Zuvemmwg, n diagopd Twv
TIMWV TOUG gival TTePiTTOU 6%.
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H ouykekpiuyévn ocipd PeTpriocwy, 600V a@opd Tn PETPnon Me To 6pyavo Tng GE,
QEPETAl va €ival TTEPICCOTEPO QAEIOTTIOTN O€ OUYKPION HE TIG TTPONYOUUEVEG WE
MIKPOTEPN OXETIKN TUTTIKY ATTOKAION IO TN YPAPR Tou return (%RSD = 2,66%) aAAG
Aiyo peyaAUTepn yia T ypapun Tou supply (%RSD = 3,09%).
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Pon Kavoipou (L/s)
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2XAMa 4.9 Aldypaupa HETPNONG PONG Kauaiuou oTo supply kal oTo return

4.1.5 levikég TTAPATNPNOEIG ETTI TWV PETPOEWV 0TO ENM

O1 petproeig otov kivnmipa CATERPILLAR 3176 £0c1Eav uia KON CUPTTEPIPOPA, OF
ETTTTEDO  AEITOUPYIKOTNTAG, OTTO TO POOHETPO UTTEPAXWY XWPEIG TNV €u@avion
1I01aiTEpwWV OUOKOAIWV KaTd Tn péTpnon. H miy Tng karavaAwBeioag tmoodtnTag
Diesel @épvel oe OXeTIKA oup@wvia Tov (uyd TOU €PYOOTNPIOU Kal TO POOUETPO
uTTEPNXWV O€ ETTITTEOO PEOOU Opou, aAAA aTToTeAei aTTAWC pia BeTikr €vdeitn. O
peTPoelg atrd To podueTpo NG GE gu@aviovral apkeTd dIOOKOPTTIOPEVEG OTTO TO
MECO OPO KAl CUVETTWG ePTTEPIEXOVTAl TTOANG o@dApata otn pétpnon ME auto. To
OQAAJa  BIKaIOAOYEITAI AV CUVUTTOAOYIOTEI OTI TO @QOPTIO TWV TTAPOXWY TTOU
e€eTAOTNKE ATAV TTOAU HIKPS PE aTToTEAEOHA va BpiokeTal MO KOVT& OTnV euaiodnaia
Tou podueTpou. EmimmAéov eival onuavtikd va avaeepBei 0TI n Yérpnon avagopdg
atmd 10 Cuyd cival evOEIKTIKA. ZnueElveTal OTI €XEl TTOPEADEl Eva OXETIKA peydAo
oldotnua atd TNV TEAeuTaia Babuovounon Tou. ETtiong, n péTPNON TWV POWV TOU
supply kai Tou return dev yivotav TOUTOXPOVO, OANG pE E€TTOvVATOTTIOBETNON TOU
Opydvou HETOEU TWV POWV, YEYOVOG TTOU TTPOCBETEI KATTOIO ETTITTAEOV OQAAUQ OTN
METPNON OTTd TO POOUETPO.
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4.2 MeTpRoeig £TTi TTAOiOU

4.2.1 Eicaywyn

2xAua 4.10 To E/M-O/ SPEEDRUNNER l11, Tng Aegean Speed Lines [27]

To Epyacmipio Nautikng MnxavoAoyiag, £€xel avatTuger N opnT Povada agpiwv
PUTTWV Kal 10X0U0G VAUTIKWY KIvNTAPWY. H povada auth éxel wg o1dxo, T dicEaywyn
METPAOEWV YIa TOV UTTOAOYIOUG TNG POTING TOU Agova Kal TG TaxUTNTAG TTEPIOTPOPNAG
TOU, TNG METPNONG TNG TTIEONS TWV KUAIVOpwWY, TNG TaXUTATAG PONG TWV KAUCAEPIWY,
TNG B0AOTNTAG TOUG Kal TTEPIAAPPBAVEI AVOAUTEG TWV EKTTOUTTWV KAUCAEPIWV TNG
MNXavng. H emmegepyacia Twv MPETPACEWV QUTWV ETMITPETTEI TNV AgloOAGynon Tng
Aeitoupyiog  TNG  pnxXavAg.  XTa TTAQiold TG OITTAWMATIKNAG  €pyaciag,
TIPAYMOATOTIOINBNKE KAl N EVOWHATWON TOU @OopnToU POOUETPOU UTTEPHXWV Yia TN
METPNON TNG POAG TOU KAUGIUOU.

To ENM, diggnyaye MPETPAOEIC PME XPAON TNG QopnTAG POVAdAG KATA TO KUKAIKO
nuepnaoio dpopoAdyio Tou E/I — O/ SPEEDRUNNER Il Tng Aegean Speed Lines,
oTig 06/06/2014. Ztnv epyacia auTr, €0TIAJOUNE TNV TTPOCOXN HOG OTIG HETPAOEIG
TTOU A@OPOUV TN POr} TOU KAUGIPoU Kal TNV IoXU Tou dgova TnG unXavig, eVvog €K Twv
MNXavwy Tou TTAOIOU, HE OTOXO TNV €UPEDN TNG EIOIKAG KATAVAAWONG TNG.

Mérpnon tng Eidikny KaravdAwong Kauaoiuou

H bk katavaAwon kauaipou (Specific Fuel Oil Consumption, SFOC) opiletal wg
TO TTNAIKO TNG TTOCOTNTAG TOU KAUGIOU TTOU KATAVOAWVETAI O€ OPICHEVN XPOVIKH
TTEPIODO TTPOG TN PNXAVIKY EVEPYEID TTOU ATTOdIdEl O KIVATAPAG KATA TNV TTEPIOdO
auTh. MeTpiétal o€ ypauudpia avd wpa kai ava KW (g/KWh) [28].

H €101k KaTavaAwaon Kauoipou utroAoyideTal wg:

Flow Rate (g/h)

SFOC (g/KWh) =
Power (KW)

MNa Tov utroAoyiopd TG 10XU0OG TOou Afova aTTaITeEiTal N yvwon Tng TaxutnTog
TEPIOTPOYPRS Tou (RPM) Kai TG poTrfg Tou (Torque).
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H 1o0xUg uttoAoyileTal atd Tn oxéon:

RPM

Power (KW) = Torque (KNm) - 27 -

Xapakrnpiotika [MAoiou [29]

MHXANEZ: 4 X RUSTON 20RK 270MK Il 27500KW TOTAL
TAXYTHTA: Ytnpeoiakr) 34 kéupol, pueyiotn 38 kéupol
MHKOZ: 100,4 pétpa

BYOIZMA: 4,60 pétpa

MAATOZ: 17,00 péTpa

EMIBATEZ: 800

FKAPAZ: 170 auTtok.r 145 auTok. Kal 6 Aswe.

dwroypagia 4.10 4-X Kivntipeg Ruston oto unxavootdoio Tou SPEEDRUNNER I

4.2.2 MNeprypapn Tou e§0TTAIOCHOU

MNa v €0peon TG TTAOPOXAG TOU KAuCiyou yivetal xprion Tou podueTpou TnG GE,
pt878. Tautdypova xpnOoIKOTIoIEITAI KAl 0 BEpUOKPACIaKkOg aiodntrpag Tng Fluke yia
N METPNON TNG BEpuoKPaTiag TNG YPANKNAG TTAPOXAS TOU Kauaiyou kal T d16pwon
TNG TTUKVOTNTAG autoU. H 1oxU¢ uttoAoyieTal péow TNG XPriong 600 PETPNTIKWY, TOU
TorqueTrak 10K tng Binsfeld Engineering, yia Tn géTpnon Tng POTING Tou Adgova Kal
€VOG ETTAYWYIKOU aioOnTpa, yia TN YETPNON TNG TaxUTNTAG TTEPIOTPOPNG Tou AEova.
Mepiypa®n Tou opydvou PETPNONG TNG POoTMG Tou agova yivetal ato MAPAPTHMA L.
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-

Métpnon pom{g TaXUTNTAG TTEPIOTPOPNG dgova

Métpnon  Tng
PONG KAUTiou

2xAua 4.11 TomoBETNoN Twv PETPNTIKWY o€ KivnTipa Tou SPEEDRUNNER I

Mérpnon Tn¢ porng¢ Tou Kauaoiuou

H diauéppwon Tng YPAWPNAG TTOPOXNG KOUGIUOU TNG MNXAVAG, ETTITPETTEL TNV
ateuBeiag PETPNONG TNG PONG TOU KATAVAAWOEVTOG KOUGIUMOU. ZUYKEKPIYEVA, 1)
ETMOTPOPN TOU AKAUOTOU Kauaidou (return line) emaoTpéPel 0T YPAUUN TPOPOodoaiag
(supply line) Tng unxavng. H Toro8€TNON TOU POOPETPOU YiveTal Aiyo TTpIV TOV KOUBO
(node) TG cupBoAng Twy dUO ypauuwy, divovTdg pyag Tn duvardTnTa Tng ateubeiag
METPNONG TNG pPOMAG TOU KATAVOAWOEVTOC KAUGIPOU, XwpIig va  aTTaITeiTal
emavaTommoBétnon Tou GE pt878 petagl Twv dUo ypappwy A xprion dU0 pOOUETPWY
yia Tov UTToAOYIoHG TNG BIa@OPAs TwV dUO TTAPOXWV.

RETURN
z Main Engine

Fuel Tank I GE pt878 SUPPLY ;
| |
% NODE

v v
2xAua 4.12 Aiaudpewon Tou BIKTUOU TTapoXAG 0To onueio TotroB£Tnong Tou pt878

lpocroiuacia e§orAiouyou

Mia pépa tpiv Tov amotrAou Tou TTAciou atrd 1o Aiydvi Tou leipaid, ammo@acioTnke
Mia etmiokewn oTo PNXavooTAcolo Tou TTAOIOU yia TN PETAQOPA KOl £yKATAOTACN TOU
e€oTTAIoPOU, KABWG Kal yia Tn dievépyeia dokipwy. Katd Tn dIdpKeIa TNG TTAPANOVAG
MOG OTO TTAOIO, €ylve METPNON TWV OTTAPAITNTWY TIAPAUETPWY YIO TNV ETTITUXA
METPNON TNG PONG.
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YTmrohoyiotnke TO TTAXOG TOU
OWANva TTapoxXng ME XpAon Tou
Taxuuetpou TOoUu  GE  pt878,
Kabwg kKal n €EWTEPIKA TOU
OIGUETPOG HME  XPAON  Koivou
TTaXUPETPOU. Mo nv
empBepaiwon  T™NG  TIMAG  TOU
maxoug amoé T0 GE pt878,
XPNOoIJoTTOINeNKE Kal KOIVO
TTAXUMETPO O€ £€va spare KOPPATI
OWANRvVWOonNG.

PwToypagia 4.11 MNaxupéTpnon oTo dIKTUO TTAPOXNG TOU KAUTioU

AKOUN, aTTOQaCioTNKE TO oNUEI0 TOTTOBETNONG TOU OPYAVOU, VIO TNV IKAVOTTOINGN TNG
TTPOATTAITNONG TOU €AEUBEPOU PAKOUG TWV OEKa SIOUETPWY TOU CWARvVa avavTn Kai
TTEVTE DIAPETPWY KATAVTN TOU ChEIOU TOTTOBETNONG TWV AIoBNTAPWV.

dwroypagia 4.12 Znueio TOTTOBETNONG TOU opNTOU POOUETPOU UTTEPAXWY, GE

pt878

Mérpnon porrric orov déova kai Taxurnrag mepICTPoPris rou afova

MNa TN p€Tpnon TnG POTING Tou Aova, XpnoIYoTToINONKe To NETPNTIKO TorqueTrak 10K
NG Binsfeld Engineering. E@apudoTtnkay €1Ti TOu dgova, To EINNKUVOIGUETPO (strain
gage), N povdada acUpuaTnG EKTTOPTTAG TOU CNATOG, N TTATAPIO KaBWG £TTioNG Kal 0

ETTAYWYIKOG aloOnTAPAG TOU CUCTAUATOG.

lpocroiuacia e§orAiouyou

Ta petpnmikd dpyava PETPNONG TNG POTING Kal TNG TaxUTNTAG TTEPIOTPOPNRG dgova,
TpoocapTABnkav oTov GEova TNG MNXavAG Kol PETG amd TO  MEIWTAPA TG

EYKATAOTAONG.
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dwTtoypagia 4.13 Tonoeémor]’w)v opydavwy PETPNONG TNG POTTAG Kal TNG TaxUTNTAG
TTEPIOTPOPNGS OTOV AEOVA TNG UNXAVAS

4.2.3 2xediaon TPOoyPAUHATOG TTIPOOKTNONG SEBONEVWY THG POoPNTHG Hovadag

H diegaywyn petpriocwv oto SPEEDRUNNER III, pye xpion Tng @opntg Hovadag
METPNONG aegpiwv pUTTWV Kal 1oxU0¢ NauTIKwv KivnThpwy, €EAPE TNV avaykn
onuIoupyiag evag Kovou TrepIBAAAOVTOG TTPOOKTNONG dESOPEVWV.

2UVKEKPIMEVA, aTTOPOCIioOTNKE N Onuioupyia €vog veEou TIPOYPAUMUOTOG, OTnV
mAaT@oppa LabVIEW, oto otroio BpiokovTal evowpatwuéva OAa Ta PJETPNTIKA TTOU
ETTPOKEITO VA XPNOILOTTOINBOUV YIA T CUYKEKPIUEVN OEIPA HETPAOEWYV. ZTOX0G ATAV N
onuioupyia dUo apyxeiwv Kelwévou, txt, €va yia 1o dpouoAdyio TMeipaidg-ZEpIPog-
Yipvog-MnAog kai €va yia Tnv emmoTpo@r], MiAog-IMeipaidg. X1a apxeia ETTPOKEITO va
OUUTTEPIANPOOUV Ta QATTOTEAECHATO TWV MHETPACEWYV OAWV TWV METPNTIKWY TTOU
XpnoigoTroiénkay.

H avaAutikf Tapouciacn Tou VI yivetal oto MAPAPTHMA IV - Highspeed.VI

2uvosooAoyia Twv UETPNTIKWV G POPINTO UTTOAOYIOTH

To VI cupTtrepiAauBavel To podpeTpo NG GE, Ta dpyava PETPNONG TG POTING Kal TNG
TayxuTnTag Tou agova, To 6pyavo PETPNONG TG BoAdTNTaG (Opacimeter) kKabwg Kai TO
opyavo pETPNONG TNG TOXUTNTOG TWV KAUCOEPIWV TO OTIOI0 OPWG TEAIKWG Oev
XPNOILOTTOINBNKE.

OAa 1ta peTpnTIKG divouv oTnv ££006 TOUG AvaAOYIKO Orjpa peupaTog i Tédong. MNa tnv
KGAUWN Twv avaykwv pag xpnoiyotroinOnkav duo kdapteg DAQ Tng National
Instruments, pia yia TNV Yn@IOTToINoN TWV AVAAOYIKWY ONUATWY pelpaTtog 4-20mA
KAl Jia yia TNV yneioTroinon Twv avaAoyikwy onuaTtwy 1dong 0-10V.

JUyKeKpIYEva, TO podueTpo TnG GE , 10 BoAdueTpo (opacimeter) kai 10 Opyavo
METPNONG TNG TaxXUTNTAG TTEPICTPOPNAGS Tou dEova, divouv oTnv £€£006 TOug avaloyiko
pelpa 4-20mA Kal ouveTTwg ouvdédnkav otnv kapta DAQ NI 9203. To 6pyavo
METPNONG TNG POTING Tou Gfova divel avaloyiké orjua tdong 0-10V kai ouvdEBnke
oTnv KapTa, NI 9222.
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Tposroiuacia rou mpoypduuarog mpookrnong dsdouévwy, Highspeed VI.

MNa Tov éAeyxo TNG 0pBOTNTAG Kal TNG EMITUXOUG AgiToupyiag Tou oxedlacBévTog VI,
xpnoigotmroinénke éva Tpo@odoTikd TnG ISO-TECH, évag trpocouoiwTg oTabepou
pevpatog TG Fluke kai pia TaApoyevvnTpia TG Tektronix yia Tnv TTPOCOMoIwanN Tou
ONMATOG TOU EKACTOTE PETPNTIKOU.

Pwroypagia 4.14 'EAeyxog Asitoupyiag Tou ‘Highspeed'.VI

To VI 1é€0nke o€ OAOVUKTIO AEITOUpYia yia TNV dIATTIOTWON, TRV ETTOPEVN, TNG OCWOTAG
Aeimroupyiog OAwv Twv KAVOAIWY KaBWGS Kal TNG OMAAAG atroBrikeuong OAwv Twv
METPrIOEWV O€ apXxEeio txt.

dwroypagia 4.15 MNpooouoiwon Asitoupyiag Tou ‘Highspeed'.VI
Etiong OUo pépeg TTpIV TNV TIPOYpaPUaTIoPévn HETpNon £yivav OOKIUEG OTOV

kivnTipa CATERPILLAR 3176 tou ENM. ZTnv &v AOyw Ookiun eAéyxBnkav 1o
pooueTpo TNG GE Kal Ta Opyava HETPNONG TNG POTING KAl TWV OTPOPWY TOoU Agova.
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dwTtoypagia 4.16 AokipaaTikr yétpnon otov CATERPILLAR 3176 Tou ENM

4.2.4 AtroteAéopara perpRocwyv oto SPEEDRUNNER I

H die€aywyn Twv PETPCEWV TTPAYUATOTIOINONKE, £TTEITA ATTO OUVEVVONGCN ME TNV
Aegean Speed Lines, oT1ig 06/06/2014. Tn uépa auth ATAV TTPOYPOUMATIONEVA TA
€€NG OpopoAdyia: [Meipaids-ZEpIpoc-Zipvoc-MAAog Kai To Tagidl TNG ETTICTPOPNG
MnAog-Meipaidg.

Karistos
Bulf of -
Méoara 2 e Athens /< A8,
Agioi i i OR0S
== Eodorol Kolpos K llioupoli @ Petalion
= Megaron Gavrio
lenis 9 b Glifada
B Andros Andros
< 1S Aviipog
Sofiko Saronic Gulf Q
Saronikos q 1S
goies B Anavyssos
R Disvia
q N Makronisol = Steno Keas
Q
Jourio b Kea
Kolpes % Reg
Methana a
Epidavioy b
Speedrunner lii bQ Steno
Poros bQA Kithnou
N Qa
a Ermoupc
If A b Q \an
Ermionit  Kolpos Idras IS a
Idra
Porto Cheli bb S 4a o0
Q Serfc
Spetses > a el
> A
© 4
S a a Mediterranean
» a Sea
© N
|3 Steno &nou
1S 4
b Q
b .
Myrtoan Sea b > Qpolors
> b
Steno Kimolou
bb PD Sifnou
> L
b 2
™ Poliénia
Ajémas
nemvasia Milos Steno Polyaigos
MrAag Folegandrou

ixrﬁpa 4.13 To dpopoAdyio Tou SPEEDRUNNER Il oto Marinetraffic
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MapatiBevral Ta diaypdupaTa: a) TG Taxutntag Tou TTAoiou (o€ Kn), B) TnG pOTTAS
agova (oe KNm), y) Tng TaxuTNTag TTEPICTPOPNG Tou agova (RPM), &) Tng pong Tou
KaTtavaAwBEVTog Kauaigou (o€ It/s) , €) TG 10XU0G TNG PNXavig (o€ kW) kai ¢) To
o1dypappa €10IKAS KaTavaAwaong Tou kauaiuou (g/kwh).

35 —
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25 —
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. s
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ke s————1

N / |
£ I —
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Date, Time

2xAua 4.14 H taxutnta Tou TAoiou Vs (Kn)
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(=]
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Ponrn dafova (kNm)

- i
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2xnua 4.15 Aidypappa potg agova tou kKivnipa RUSTON 20RK 270MK 11
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2xNpa 4.16 Aidypappa TaxutnTag mepIoTPoPig dgova Tou Kivnipa RUSTON 20RK
270MK I

7500 Full Load Departure
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6500 | el | |
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& 3000
~ 2500
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>xAua 4.17 Aidypappa 10XU0g Tou vauTikou kivnthipa RUSTON 20RK 270MK 11

~ TNewpoaiag

2épLpog

= Mitos

Melpaidic
Zibvog

Katd 10 T1O&idI TNG ETTIOTPOPNAG, TO EKTOTTIONA TOU TTAOIOU ATAV TTOAU WIKPOTEPO, WG
OUVETTEIO TNG €KOOPTWONG TOu TTAOIOU OTa vnoid. ZUuveTmwg GAAage 1o onueio
AgIToupyiag TNG PNXavAg PE TNV I0XU aTov agova va eu@avifetal peiwpévn. H aldayn
auTh dlagaivetal dN atrd To dPOoUOASYIO ZEPIPOog-MRAoG.
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YmrevBupicetal 611 n d1dTtagn Tou SIKTUOU TTAPOXAS KAUCIUOU TNG MNXOVAG, ETTITPETTEI
TOV atreuBeiag UTTOAOYIOUO TNG PONC TOU KOTAVAAWBEVTOC KAUTiUou.

0,5
0,45
- 04 '
g 0)35 H L ' .
§. 0,3 -1*.#,, ik A
20,25
2 0.2
x
3 0,15
e 01
0}05 ' 1 |
0 H 1 1 1 1 1 1 1 1 | |+..: 1 |J hl 1 1 1 1 1 1 1 r-l_ L
16:09 17:47 19:25 21:02 22:40 0:18

Qpa (h:min)
2xNpa 4.18 Aidypappa pong kauaipou otov KivnTiipa RUSTON 20RK 270MK I

Maparnpouue OTI N TTAPOXI TOU KAUGiPou gival peiwpévn oTo Tagidl TG eMOTPOPHG
AOYyw TOU PIKPOTEPOU EKTOTTIOPATOG TOU TTAOIOU ETTEITA ATTO TNV EKYOPTWON TOU OTA
vnold Tou odnyei o0¢ peiwpévn atraitnon 1o0xuog tpoéwong. Mg xprion Tou
Tpoypduuarog avdAuong dedopévwy, Origin, Tng OriginLab, oOAOKAnpwvouuEe Tn
YPAQIKA TTOpAOTAON TNG PONG KAUGIKOU, yia TOV UTTOAOYIOUO TOU GUVOAIKOU OYKOU
TOU KQUGOIYOU TTOU KATavaAweBnKe. ZuvoAikd katavaAwenkav 7437,5 It kauaiyou.

MNa v €0peon NG €I0IKAG KATAVAAWONG TOU KAUGIKOU £YIVE TTPWTA PETATPOTI TWV
It/'s o€ kg/s pe TTOAATTAQCIOOPO TwV PETPAOEWY aTmd TO POoOuETpo TG GE pe 1n
Ol10pBwuévn TIMA TNG TTUKVOTATOG TOU KAUCIUOU yia Tn Bepuokpacia NG YPARKNAG
TPOoYodoaiag.
275
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Mapatnpeital i pIKPA avénon TnG €0IKAG KatavdAwong TG MNXAavAg oTo
OpopoAdyio MAihog-TMelpaidg. H augnon autr) oxeTiCeTal Pe TO ONUEIO AsiToupyiag g
MNXavig. Ao Tn ypo@ikn TTapdoTtacn €€aipéBnkav ol PHETPHOEIC TTOU QVTIOTOIXOUV
oTig otdoeic Tou E/l - O/F ota vnoid kaBwg n 10xUG OTA QVTIOTOIXO XPOVIKA
dlaoTHPOTA £TEIVE OTO PNOEV.

-KE®PAAAIO 5: Zuptrepdopata — Npotdoeig yia HEAAOVTIKA Epyacia

Me 1n die€aywyn kal emegepyaaia Twv peTprioewy oto E/IN - O/ SPEEDRUNNER lI,
OoAOKANpwOBNKe 0 KUKAOG TNG OIMMAWMOTIKAG epyaciag. H epyacia autr TovIoE
TPWTIOTWG TNV avaykaidTATA yIa Pia agIdTToTn JETPNON TG PONG TOU KAUGioU OToV
KIVNTAPA, TTOU €ival n OnNUAvTIKOTEPN TTAPAPETPOG Yia Tn HETPNON TNG EIBIKNAG
KaTavaAwong Tou.

H eutreaipia Tng Xprnong Ttou @opntoU POOUETPOU  UTTEPRAXWYV, aveéDEIEE Ta
TIAEOVEKTHHOTA KAl TA MEIOVEKTAUATA TNG XPONG €vOG @opnToUu Opydavou yia Tn
METPNON TNG pPONG Kauoiyou Tng pnxavAas. H aglomotia Tou opydvou Atav
IKAVOTTOINTIKI] Kol OTIG OU0 TTEIpaUaTIKEG BIATALEIC TTOU  XPNOIMOTTOINONKaV  JE
epyagoéuevo péoo 1o vepd. Mpétrel BePaiwg va onueiwbei, o1 N ampocdlopioTia TWV
TTOPOUETPWY TNG METPNONG (TTAXOG TOIXWHATOG CWAAva, OIAUETPOG BIATOUNAG,
epyalouevo PHECO KATT.) KaBOaov eAeyXOueveg, BpiokdTav oTo eAdxioTo. O1 PHETPROEIG
mou diggAxBnoav oe kivnTApa Tou ENM €0cifav kdtmola BeTIKA aTToTeEAéoUATA
OedONEVWV TWV BUOKOAIWY TNG PETPNONG. ATTOKOPUPWHA TNG XProng Tou opydavou,
atrotéAeaav ol yeTpnoeig ato E/I — O/l 610U N Aciroupyia Tou KpiBnKe IKAVOTTOINTIKA,
EVW KaTEOTN SUVATA Kal N PETPNON TNG EIBIKAG KATAVAAWONG €VOG €K TWV KIVNTAPWY
Tou TTAoiou. ETTiTTAéov, éyive UTTOOTHPIEN TOU opydvou Pe KOTAAANAO AoYIoUIKG PE TN
onuioupyia dlagopeTikwy VI's avaAdywg pe Tnv TTpoopilduevn Xprion Ttou. AkOun
ETTETEUXON N evOWUATWON TOU POOUETPOU OTN PopnTr Movada agpiwv PUTTWYV Kal
IO0XU0OG VvauTIKWwV KivTApwyY Tou ENM pe 1n dnuioupyia koivoU TrepIBAAAOVTOG
TTPOOKTNONG OEQOUEVWV.

Etéuevo Bripa mpog TNV KateuBuvon TG AqWNG TTEPICCOTEPO QEIOTTIOTWY HETPAOEWY
gival n BaBuovouncn Tou PeTPNTIKOU yia epyaldéuevo péco Diesel i akéun kar HFO.
H BaBuovéunon autr) Ba ytropouce va yivel ato ENM, xpnoigotroiwvtag wg gérpnon
avagopdg éva poduetpo Coriolis TTou BPIOCKETAI OTAV KATOXN TOU £pyacTnpiou Kal TO
OTT0i0 &€V €iXE KATAOTEI MEXPI TWPA AEITOUPYIKO.

EmmpooBétwg, Ba utropoloe va ayopaoTei évag aioBntApag Bepuokpaciag, Ue
ouvaTtoTnNTa PETPNONG €EWTEPIKA TNG PONAG, Yia Tn Ouvexr TrapakoAouBnon Tng
Beppokpaaiag Tou SIKTUOU TTAPOXNSG Kauaipyou. H mpooBikn autr) Ba eTTETPETTE TNV
METATPOTI Twv It/s TTou AauBdvel To dpyavo oe Kgls, péow tng d16pbwong g
TTUKVOTNTAG TOU KaUaiuou, o€ {wvTtavo Xpovo.

TéNog, Ba ptTopoUce va epeuvnOei, EKTEVECTEPA KAl VA TTOOOTIKOTIOINBEI, KATA TO

ouvartdv, n €Tmidpacn TNG aTmmPOCOIoPICTIAE TWV TTAPAPETPWY TG METPNONG OTNV
aglomoTia TNg PETPNONG TNG PONAG.
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NMAPAPTHMAI

To diIGoTnUa  €UTTIOTOOUVNG  XPNOIUOTIOIEITAI VIO OOQOAECTEPN  EKTIMNON  MIAG
TTAPAMUETPOU €VOG TTANBUCOU e Baon éva Tuxaio deiyua armmd Tov TTANBUCGUO auTo.
To didoTnua autd TTapéxel éva @Aaoua eUAoywyv (TTIBavwy) TIHWV TNG TTAPAUETPOU,
OuvodEUOPEVO aTTO TOV PaBUO e€UTTIOTOOUVNG TTOU £XOUME OTI TO dIAOTNUA auTd
TTEPIEXEI TNV TTPAYHATIKN TIMA TNG TTapapéTpou [18].

MNa Tov UTTOAOYIOUO TwV BIOCTNUATWY EPTTIOTOCUVNG TOU CUVTEAECTH CUOXETIONG TOU

Pearson, r, xpnoiJotroloUvtal Ol PeTaoxnuaTiopoi Tou Fisher. Zuykekpiyéva, o
OUVTEAEOTAG I HETAOXNUATICETAI O€ Z, JE TN OXEON:

1 (1+rj
z, =—In| —
2 1-r

Ta avw Kal KATw 6pia EPTTIOTOOUVNG YIA TOV Z;, UTTOAOYIovTal aTTd TIG OXEOEIG:

1
n-3

1
Z,=7,+t17_,, n-3

Me Tov &¢iktn L (lower) cupBoAileTal To KATW 6pI0 evw PE TOV U (upper) To avw 6pio
TOU OUVTEAEOTH zr. QG n, opideTal 0 APIBUOG TOou OEiYUATOG TWV UETPACEWY EVWD O
OUVTEAEOTAG Z1-o2 AABAVEI aTTd TTiVAKES TNV TIWA 1,96, yia eTTiTredo onuavTikOTNTaG O
= 0,05%. AnAadn,

2, =214 ,p

r

Zogr5 = 1,96

2TN OUVEXEID Ol TIEG TWV Zy Kal z, HETaoynuatifovtal TTiocw oTnv KAipaka Tou
OUVTEAEOTA OUOXETIONG, I, XPNOIUOTTIOIWVTAG TOUG QVTIOTPOPOUG HETATYNUATIOHOUG:

" _exp(2z,)-1
©oexp(2z,)+1

. exp(2z,)-1
" exp(2z,) +1

To 95% &100THPATOG EPTTIOTOCUVNG VIO TOV OUVTEAEDTH I SIANOPPWVETAI WG [re, ru].

ZnuelveTal 0T To TTAGTOG (Width) Tou dIacTAPATOG EUTTIOTOOUVNG £€aPTATAl ATTO TOV
apIBud TWV dEIYUATWY N.
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NMAPAPTHMA IIA

210 Ap d66nke n TP Twv 60 mbar r; 6000 Pa (2° TrpoaTraITOUPEVO OXedIAONG), EVW
OTO Qm, 00ONKE n HEYIOTN QAVOUEVOMPEVN TIAPOXA N OToia TTPOKUTITEl ATIO T
OVOMAOTIKA OTOIXEIO TNG QUYOKEVTPIKAG AVTAIGG, CUPTTEPIAQUPBAVOUEVOU VOGS Opiou
avoxng, wg 14 Kg/s (3° Trpoatraitoudevo oxediaong).

% Qm=(C*pi*sqrt(2*Dp*d1)*(d/1000)"2)/(4*sqgrt(1-b"2))
% MNa péyiotn mapoyxn AviAiogc Qm=14 kg/s xpeiddetal dIOQOPIKO TTieong oTa
% 232 mbar TTEPITTOU WOTE VA IKAVOTTOIEITAI N GUVOAKN yia To d

Qm=14; % TO TTPORBANHA BEATIWVETAI VIO PHIKPOTEPN YEYIOTN TTAPOXN AVTAIOG

m1=1.1545*10"(-3);

Dp=6000; % (o€ Pa) aA\&loupe K&Be @opd 10 Dp Kai BpioKouuE TNV
avtioToixn didueTpo d,

d1=999.1026; % minDp=23200 Pa yia d=60mm

D=80;

C=0.606;

e=1;

A2=1;

X2=1;

i=1;

while abs((A2-X2*C*e)/A2)>10"-10

ReD=(4*Qm)/(pi*m1*D/1000);

A2=(m1*ReD)/((D/1000)*sqgrt(2*Dp*dl1));

X2=A2/(C*e);

d=D*((X2"2)/(1+X2"2))"0.25;

b=d/D;

E=1;

A=((19000*b)/ReD)"0.8;

L1=0,08;

M2=2*L1/(1-b);

C=0.5961+0.0261*b"2-
0.216*b”8+0.000521*((10"6)*b/ReD)"0.7+(0.0188+0.0063*A)*(b"3.5)*((10"6)/ReD)"
0.3+(0.043+0.08*1"(-10*L1)-0.123*1(-7*L1))*(1-0.11*A)*(b"4)/(1-b"4)-0.031*(M2-
0.8*M2"1.1)*b"1.3;

i=i+1;
disp('A2=")
disp(A2)
disp('X2="
disp(X2)
disp('diametros diafragmatos=") % Ttraipvel péyiotn Ty 0.75*D=60mm
disp(d)
disp(‘'b="
disp(b)
disp('ReD=")
disp(ReD)
disp('C=")
disp(C)
disp('i=")
disp(i)
disp('Qm=")
disp(Qm)
end
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NAPAPTHMA IIB

égn
"o 8

1]
[uEN
[\

X>0 020
e

[Ny

i=1;
while abs((A1-X1/C)/A1)>10"-14

b=d/D;

Al=((e*(d/1000)"2)*sqrt(2*Dp*d1))/(m1*(D/1000)*sqrt(1-b"4));

X1=C*Al,

Qm=(pi/4)*m1*(D/1000)*X1;

Qv=0Qm/d1;

E=4;

ReD=(4*Qm)/(pi*rm1*D/1000);

A=((19000*b)/ReD)"0.8;

L1=4/D;

L2=5.5/D;

M2=2*L2/(1-b);

C=0.5961+0.0261*b"2-
0.216*b”8+0.000521*((10"6)*b/ReD)"0.7+(0.0188+0.0063*A)*(b"3.5)*((10"6)/ReD)"
0.3+(0.043+0.08*1"(-10*L1)-0.123*1(-7*L1))*(1-0.11*A)*(b"4)/(1-b"4)-0.031*(M2-
0.8*M2"1.1)*b"1.3;

i=i+1;
end

NAPAPTHMA I
Mérpnon Pomrrig Aéova

MNa Tov uttoAoyIopd TNG POTING Tou A&ova, XPNOIUOTTOINONKE TO HETPNTIKO TorqueTrak
10K 1n¢ Binsfeld Engineering. To ev AOyw PETPNTIKO oTnpifeTal oTn Asitoupyia evog
ETMUNKUVOIOUETPOU (Strain gage).To emMUNKUVOIOUETPO METABAAAEI TNV NAEKTPIKA TOU
avTioTaon , avaAOywg YE TNV TACN TTOU TOU AOKEITAl. ZUYKEKPIUEVA EQATITETAI OTNV
EM@AveIa Tou GEova Kal dEXETAI TIG TACEIG TTOU avaTrTUooovTal o€ auTh. To orfua
oTnV ££000 TOU ETTIUNKUVOIOUETPOU AaUBAvETal acUpuata atmd 10 6pyavo PETPNONG
potg, TorqueTrak 10K kai £mmeira ammé KATAAANAOUG PETAOXNMATIOPOUG Bivel oTnv
£€000 TOU orjua Tdong, avaAoyo TnG POTIrG Tou dgova.

Receiver

Remote

Zxnua Mlill.1 Opyavo pérpnong TG POTTAG Tou Agova TNG MNXAVAG
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NMAPAPTHMA IV - Highspeed.VI

Me agopun TN XPenon tTng @opnTtrig Povadag agpiwv pUTTwy Kal 10XU0G VAUTIKWY
KivnTApwyv yia 1 Oie€aywyn ueTpAoewv oto E/MN - O/ SPEEDRUNNER I,
oxedidotnke 10 Highspeed.VI 1o otmoio TrepIAauBavel Eva HEPOG TWV PETPNTIKWY TTOU
Xpnoigotroinénkav otnv v Adyw pETpnon.

To VI cupTtrepiAauBavel To podueTpo NG GE, Ta dpyava PETPNONG TG POTING Kal TNG
Taxutntag Tou déova, To Opyavo PETPNONG TG BoAGTNTAG (Opacimeter) KaBWG Kal TO

opyavo pETPNONG TNG TaXUTNTAG TWV KAUCOEPIWV TO OTIOI0 OMWG TEAIKWG OEV
XPNOIYOTTOINONKE.

2XE0EIG HETAOXNMATIONOU

Mérpnon Porrri¢c Aéova
To 6pyavo péTpnONnNG NG PoTIiG, divel oTnv €000 Tou TAON €upoug 0-10V Kai
ouvdéeTal atreuBeiag pe Tnv kapta DAQ.

H oxéon petaoyxnuaTtiopgoU yia T PETATPOTIA TOU ONUATOC TAONG OE HNXOVIKEG
Movadeg, gival ypaupIK Kal gival TNG HOPPNG:

y=a-X
otrou y Ta KNm tng Yétpnong kai X Ta V otnv £€¢odo Tou TorqueTrak 10K.

Agou Béooupe wg péyiotn TR potmg Tmax =160KNmM o ouvreAeotg a
uttoAoyicetal améd Tnv e€iowon: 160 =a-10.

H TeAIkr) Jop@n TNG oxéon PHETaoXNUATIOUOU givat:

y=16-X.

180
160

140
— 120 e

/
100 -
80 A
60
40 /
20 |
0

160

Pomn (KNm

0 2 4 6 8 10 12
Taon (Volts)

>xAua MivV.1 £xéon geTaoxnuUaTiIoPoU TOU CRUATOG TNG POTINAG
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Mérpnon Tayurnrag lNMepioTpoeng Afova

H oxéon twv RPM pe 1a Ampere otnv £€£0d0 Tou KavaAiou Tng Kaptag DAQ, 6trou
£XOUME OUVOEDEI TO METPNTIKO, Eival YpauUIKA Kal diveTal atrd Tnv TTapakdtw egiocwon;:
y=a-x+b (oxéon peTaoxnuatiouou)

o6tTou y Ta RPM Kkai X Ta A TTou divel 0 eTTaywyikog aiodnTripag avTioToixa.

O1 oTaBepég a kail b uttoAoyiCovTtal AUvovrag To oUoThua 0=a-4/1000+b

1500 = a-20/1000+b

H e€iowon Traipver TN TEAIKA TS popery: Y = 93,75-10°x —375

1400

1200

1000

800 ‘/
600 //
400 /

/

. .0.'00}‘/.. -

0 0.005 0.01 0.015 0.02 0.025
Pebpua (A)

Tayxutnta Mepiotpodric (RPM)

0

2xAua MiV.2 xéon JeTaoxnUaTIoOPoU TOU OUATOG TNG TaXUTNTAG TTEPIOTPOPNAS

Mérpnon Pori¢ Kauaiuou

H ouvapTtnon tou podueTpou PETPNONG TNG TTAPOXAG TOU KAUGIUoU gival idla Je auTh
TTOU TTEPIYPAPNKE OTO £0APIO

2xéon METAOXNUATIONOU TOU ORUATOS TOU podusTpou 1N GE

Mérpnon OGoAornrag Kauoasgpiwv

To 6pyavo pétpnong NG BoAdTnTag divel oTnv £€£000 Tou Oua peupartog 4-20m. H
oxéon Tou ouvdéel To TTOO0OTO % TNG BoAdTNTaG pe Ta Ampere oTtnv €6000 TNG

Kdptag DAQ éxel TN Hopon:

y=a-X+b, 6mou y 10 Moo0oT1é % TNG BoAGTNTAG e €Upog 0-100% kai X Ta A TNG
HETPNONG.

O1 otaBepéc a kai b uttohoyiCovTtal atrd Tn AUON TOU CUCTAUATOG:
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0=a-4/1000+b
100 = a-20/1000+b

H oxéon HETAOXNMATIONOU Traipvel TNV TEAIKA pop@ry: Y =6,25-10°x —25

120

100 166

80
/
60 ’//

B '/

20 //
0,004
0 0005 001 0015 002 0025

PeUpa (A)
ZxAua MIV.3 Zxéon petaoyxnuaTtiopgoU Tou GAPATOCS TNG BoAdTNTAG

OoAotnta (%)

Mérpnon Taxurnrag rwv Kavoaspiwv

To opyavo pétpnong Tng TaxuTnTag Twv Kauodaepiwv Oivel otnv £€6000 Tou ORua
peupaTog 4-20m. H oxéon Tou cuvdéel TNV TaxUTNTA TV KAUCOEPIWY 0 m/s ue Ta A
oTnv £€§0d0 NG KapTag DAQ €xel TN open:

y=a-X+b, 6mou y n TaxutnTa Twv Kauoagpiwv e e0pog 0-115,2 m/s kal X Ta A NG
METPNONG.

O1 o1aBepég a kal b uttoAoyi¢ovTtal atrd Tn AUCTN TOU CUCTHUATOG:

0=a-4/1000+b
115,2 =a-20/1000+b

H oxéon HeTaoXNUATIONOU Traipver TNV TEAIKA popery: Y =7,2-10°x—28,8
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2xAua MivV.4 Zxéon JeTaoXnUATIOPOU TOU CHUATOG TNG TAXUTNTAG KAUCAEPIWV
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2xAua MIV.6 Front Panel Tou ‘Highspeed’.VI — ‘FUEL FLOW'’ tab
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2xAua MIV.7 Front Panel Tou ‘Highspeed’.VI — ‘TORQUE’ tab
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Save CURRENT TIME!!
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2xnua MIV.8 Front Panel Tou ‘Highspeed’.VI — ‘SPEED’ tab
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2xnAua MIV.9 Front Panel Tou ‘Highspeed’.VI — ‘'SFOC’ tab
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Save CURRENT TIME!!
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2xAua MV.11 Front Panel Tou ‘Highspeed’.VI — ‘EXHAUST GAS’ tab
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NMAPAPTHMA V

Noiré¢ meipauarik6g eE0mAICUOS

ZxApa MV.1 KaAwdio 1631c¢ ¢ Kistler yia 1n cuvdeon tng duvapokuywéAng 9331B
Me Tov evioxuTh 5015A [30]

dwroypagia MV.2 KaAwdia ouvdeang Twv TECONAEKTPIKWY alobnTApwyv 6052¢ Tng
Kistler pe Toug evioxutég 5015A

dwroypagia MV.3 KaAwdia auvdeong Twv Evioxutwyv 5015A og dUo kavdaAia Tng
kaptag DAQ NI 9222, otn diaTagn pérpnong porg O0ToV ATTOOTOKTH PO
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dwroypagia MV.4 Kahwdio cuvdeong Tou pavopeTpikou Tng Druck, PTX 1400, o€
KavaAl Tng kdptag DAQ oTn didTtagn yETPNONG PONG OTOV ATTOOTAKTAPO

1

Pwroypagia MV.6 MNMiow dyn TwV EVIOXUTWV
5015A 1n¢ Kistler

dwroypagia MV.5 Z0vdeon Twv oNUATWY TwV YETPNTIKWY 0TNV KdpTa DAQ Tng NI,
ni 9222 otn didragn YETPNonNg PONRG OTOV ATTOCTAKTHPA
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