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L. IEPIAHYH

Ta televtaia xpovia mopatnpeital po Kotakdpven abOENON TOV TOACEMY
TOV OVTAIOV OeppoTnTag, o€ oVVOLUCUS Ue TNV ToXLTAT TEXVOAOYIKT eEEMEN ToVC.
[aAotepa, Bempovvtov KoL TTOV GCODUPOPEG OIKOVOUIKG KOl Ol KOTAVOAMTEG
odnyovvtav oe emhoyn ovpPatikdv puebodwv Bépuavong. To yeyovog 6tL ot avthieg
feppotntog pmopoy va Aettovpynioovy kot oe ocuvinkeg Bépuavonsg odld kot oe
ovvOnkeg Yo&ng, amotélese £va oNEAVTIKG Aoyo yia TV Taydtatn eEdmiwot tovg. Ot
avnovylec 7y 1o mepfariov, @oTOGO, AOY® NG YPNONG  WUKTIKOV 7TOU
Katavaidvovy to 0lov g atudoeaipag, cuveyilovv va veiotavtal, av Kot n £pevva
delyver 0T pedhoviikd Ba avTipetOmoTel 0VTO TO TPOPAN Q.

Etvar gavepo om kabBe mpoomabewn yww v xoAdtepn kotavonomn g
rettovpylag tov  avthdv Oegppomrag etvar ypriowun. IloAd =mepiocdtepo, av
anockonel ot fehtiotonoinon g Aettovpyiag Toug. AVTA 1) HETOTTUYLOKY] Epyooic
£lval [t VTOAOYLIGTIKY] TPOGOopoiwoT, mov Bociletal og v VTOAOYIOTIKO HOVTELO.
KoolKomomévo og vrohoyloTiki] yAm®ooo. FORTRAN 77. Tlpocopoubver 1t
rertovpyien Béppuavons g KAHOTIOTIKNG HOVAdMG, OV eival £YKUTeSTNHEVN OTO
Epyaotipio Quowdv & Xnuwov Aepyocsidv tov Tufupatog Mnyavordyov
Mnyavikdv Biopnyaviag tov [avemotmpiov Oeooakiog.

O otox0c g epyaciag avtig Nrov dwrhdc. Mia apywn popen Tov
TPOYPANNOTOG PBerTihONKE, ©oTe vo vmoroyilel Kot TOVG CLVIEAESTEG UETASOONGS
BeppdTTOC OTOV ECUTUIOTAPE KOL TO GUUTLKVOTH. AVTO €ylve pe TV Tpoodikn
0PIOHEVMVY VTOPOVTIVAV 6TO TPOYPULLLLY, OL OTOIEG TEPIEXOVV CLUOYETIOELS, OTWE eivat
KoTaypappévee otn diebvn Bifrioypaoic. Tovg cuviereoTéc qLTOVG, TO TPOYPUULLL
QPYIKE TOVG EmaIpVe G OESOPEVOVS.

Katd devtepo Adyo, yivetror po mpodt mpoomdbewr vo ewoaybel kot o
OIKOVOLLKOG TapdyovTag 610 oyedopd g aviiiag Beppdmrag. Ymohoyiletar 1
petafodn Tov KOGTOVG, Yo GALAYT| OPICUEVEV CYESIUOTIKOV ETAOYADV, EKEIVOV TTOV
£6g1£0v OTL TEYVIKA CLUOEPOVY TEPLIGCOTEPO VUL TPOTOTOINBOVV.

Téhog, onuetdvetar 611 1 Tpoonddeia yo  Bertiotomoinon tng Aertovpylog
Béppavong mg avtiiag Bepudmnrag Ppicketon oe apykd otddlo oV epyacia av.
Meldovtikég mpoondfeteg prnopotv va afonotoovy v épgvva tov DOE / USA mov
TapovoldleTal 6To KEQAAOLO0 5.

10 kepaiaio 1 mapovordletar pio el00ymyn yua 1§ aviileg Beppomrog, ta
e€apTUaTd TOVG, TOV TPOTO AEITOVPYIOG KAl TOV KUKAO TOVG,.

210 KeQAAOL0 2 TOpOVCIALOVTaL Ol GUGYETICELS TOV YPTCLLOTOIOVVTUL YIt TOV
VIOAOYIONO TV OUVTEAESTOV petddoornsg Beppomrag, oAAd Kol yevikoOTepes
TANPOPOPIES Y1at TOVG EVOAMAKTES TMWV KAUATIOTIKOV.

Yto0 kepdioio 3 APOLCIACETOL TO VTOAOYIOTIKO WOVIEAO, WETA TIg
TPOTOTOCELS TNG TUPOVTOG EPYUTTOG.

210 Ke@dhalo 4 mapovo1dlovTal Ol TPOCOUOIDCELS OV £YVOV GE GLVOTKeEG
Béppavong Kot 1o aToTEAECUATE TOVG.

210 KeQOAa10 3 mapovotdleTal 1) £PEVVO OIKOVOULKTG GKOTIUATNTOG TOV EYIVE
v 10 vmovpyeio evépyewg tov HILA kot mov ypnowwomoteitar yux v
TPOKOTAPKTIKY) OIKOVOLLLKT) a&lohdynon.
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210 kePdiaro 6 mapovoidleTar pia mpm Tpoonddewa PekticTtonomong, mov
Aapfdver vy kat Tov owovopkd rapdyovra. Eriong mapatibeviar otkovopukd kat
TEYVIKG oToElR Yo TIC avTAieg Bepudmrac.

210 ke@Giao 7 mapovctalovial Te CULUMEPACUOTE KUl Ol TPOTACELS Yia
LEALOVTIKT] EpELVAL.

Télog, mapatiBetar T0 TAPAPTNUA HE CUUTATPOUATIKA GTOLXEIA.

| Institutional Repository - Library & Information Centre - University of Thessaly
| 23/04/2024 21:53:10 EEST - 3.14.13.79



[1. BIBAIOTPA®IA

—

Kakac, Boilers, Evaporators and Condensers, J. Wiley, 1991.

2. Cengel Y., Boles M., @eppodvvapukn yua pnyavikovg, Toépog B. 3n éxdoon,
Exdoceg TOidoha, Ococarovikn 1988 (Empéiewr petdppaong: [Noveyidmg
Towkdapag).

3. Zmipov Pémg, Ynoloywomki] mpocopoiwon Aeitovpyiag avriiag Beppdmroc,
Awmiopotixy) Epyecia, Epyactipio @.X.A, Tlavemomuo Oeocariag, Borog
1999.

4. Tavovtooc Xpnotog, llepapaniky perém) aviiiag Beppomroc oe Aeitovpyia
Béppavong xat yo&ng, Amiopatixy Epyacia, Epyacnipio ©.X.A, TMavemomjuo
@ecoaliag, Bohog 1999.

5. Panasonic, Service manual of CS/CU-G120KE room air conditioner- Matsushita
air-conditioning corp. Sdn. Bhd., Malaysia, 1996.

6. Lawrence Berkeley National Laboratory (Energy & Environment Division),
Technical support document fr>r energy conservation standards for room air
conditioners (prepared for U.S. Department Of Energy), Vol. 1,2, September
1997.

7. Mmovtoloyrov B., Zvokevég Beppkdv diepyacidv, Topog 2: Metagopd
BeppomTOg pe ahhoyn @aong (TUVETMGTNHIOKES OHEIDOELS), Borog, 1998.

8. TNoomardg K., Metadoon Beppomrag, Exdooewg A. K. Zadovikidn, Oeooarovikn
1993.

9. Borgnakke C., Sonntag R., Thermodynamic and transport properties (CATT), J.
Wiley, New York, 1997.

10. Kreith F., The CRC Handbook of Mechanical Engineering, CRC Press, 1998.

11. Peters M., Timmerhaus K., Chemical engineering series, 4th edition, McGraw-
Hill, 1991.

12. Perry R., Green D., Perry’s chemical engineers’ handbook, 50t edition, McGraw-
Hill, 1984,

13. Smith J., Van Ness H., Ewoaywyn ot Ocppodvvapukr], 41 éxdoon, Exddoeig
TCQoha (avatdnwon and McGraw-Hill), @cocalovikn.

14. Herbas et.al, Sready-state simulation of vapour-compression heat pumps:

International Journal of energy research: VOl. 17, 801-816, 1993.

Institutional Repository - Library & Information Centre - University of Thessaly

| 23/04/2024 21:53:10 EEST - 3.14.13.79



III. EYXAPIXTHPIO XHMEIQMA

[N mv ohokApoon ™G HETORTUYIAKNG epyacing amotnOnke €va eEdaunvo
okAnpng kadnuepvng epyaciog. Na 1o anotéreopa g epyaciog avtg, viobm mv
VITOYPEWOT VAL EVYEPLIOTNO® OLOVG OCOVE CUVETELECOV:

— Tovg yoveig pov, oToVg 0TOl0VG UPLEPOVM QDTN TN SMAMUATIKY] EpYaaia, Yot TV
VAKT Kot 6K cLUTEPECTACT] TOVC.

— Tov emPlénovta kabnynt k. B. Mrovtoloyiov, mov Ntav mavia 6T0 TAEVPO OV
pe molvTeC cLUPoVAES, BewpnTikég Kol MPAKTIKEG Kal e€ac@daiioe pia Gyoyn
ovvepyaoia.

— Tovug e€etaotéc ™G duthopotiknig epyaciag, kabnyntéc k.x. I'. Avumepdmovio ko
A, Ztopatéhdo, Yo 1ig ToAOTIHES VIOJEIEEL TOVG KUPIG (G TPOG TO OIKOVOLKO
TR TG epyaciag.

—.To mpoowmkd NG YPOULATEIONS TOL TUTUOTOC Kol Kupiwg Ttov Kvpo ©.
Kapaxaoidn kot v kopla Z. Toeken, yia v (Vi vTocTpidn.

— Tov mpomtuytokd oty Zmdpov Do, yw T Ponbeld tov ot TPDOTA LOV
PrpaTa 6TO AVTIKEIHEVO TNG EPYAGIUS VTG,

— T @ikn pov IManayewpyiov Mapthéva, yia ) otip&r] g Kot T1g vrodeifelg g
Y10 TNV ELPEVIOT] TOV KEWEVOU,
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KEDAAAIO I EIXATI'QI'H

1.1. BAXIKEXY ENNOIEX

AavBdvovoa Beppomro ™éng g ovolag ovopdletor 1 mocdTNTa
Bepudémrag mov amorteital y v ahhayn @dong , and v oteper omy vypy, 1 kg
¢ ovoiag, oe otabepn Beppokpacia. AavBdvovoa Beppoémra atpORONONG PG
ovaiag ovopdaletal To Tood g Bepuronrag mov amenteitar yia va mpokAndel allayn
pdong 1 kg m™¢ ovoiag amd TNV KOPECUEVN VYPN KATACTACT OTNV KOTGOTUOT
Kopecpévou atpov. H Beppdmra avt) mov aroppoed 1 ovcia, propet va apaipedei
and to meptBdAloy, mOV PE OVTO TOV TPOMO WOXETAL LLVERRS, OGO MEPIGGOTEPO
petwpévn Bepuokpacia Ppaciod kat VYA AavBavovoa BeprOTTE ATHOTOCE®G
£yel o ovola, 60 peyaAvtepa mood BeppoTTag anootdvial and 10 tepBAAiov 1
T0 PELOTO TMPOC WOEN. XTIG OUOGKEVEG KAMATIOHOV AOOV, YiveTol ¥pNoTm GUING
akpifdg g 1810TTAG MOV £YOVV OPLOHEVEG EVAOCELS, TOL OVORAlovIal WUKTIKA
pevod. [Ipokewévon va yivovv mepiocoTepo AVIIANTTEG Ol £\ VOleS, TapatiBetal to
EMOLLEVO SLIYPULLUO TNG KATAGTACNG TOV VEPOD OF OYE0T HE TN BepUodTTR TOV TOL
TpocdideTal.

A

[ 2

@eppokpacia Ppacuod

] Of

Ympa 1-1:
Aldayéc ™G
KATAGTAGNG
TOV VEPOU OE
oyEon ne
Oeppotnra
OV TOV

Lopnyeitar.

Oeppokpacio

Kopeopévog

[Tayoc

[VESITMS

Metatpo
Y’Té. 10&-'«' HO frsesrrrsnasmami

VEPOU GE oLl c

Evlairia

Xto tunpa  A-B  Swkpiverar pio ypappukn avénor e Oeppokpaciag tov
mayov. AvtiBeta oto tufua B-I' n Bepuoxpacia mapapéver otabepr], apov 6in n
npocdddevn BeprdTTe AVOADVETAL GTN UETUTPOTT) TOV TAYOL OF VEPO. LTO TUNL
[-A mapatnpeitar eniong ypappkn] advEnon g Beppokpaciog Tov vepod HEYXPL TOVG
100 °C, 8nAadny m Oeppokpacio Bpacpod 1 kopeciod tov. AkorovBei 1 petatpony
TOL KOPEGIEVOL VYPOD GE KOPEGHEVO 0TpO oto Tunpa A-E, oe otabepr| Beppokpaoia.
KdéBe meportépw moodmta Bepuomrag mov yopnyeitar oTov atpd, TPOoKeAel pia

L@ 1}
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Kepalawo 1: Ewcayoy

vepbéppavon, pe anotérecpa v avénon g Beppoxpaciag Tov, mov dakpivetar
oto0 tunpa E-Z.

Xyéon Beppokpaciag — misong.

H Oeppokpacia Bpacpod evdg pevoton ennpealetal and v nieon oty omoia
avto Ppioketat. o to vepd, m kapmOAn mov cvoyetifer ta dVO avTh peyédn
TOPOLCLALETUL GTO EMOUEVO OLAYPOUULO. 2TV TEPLOYN KAT® Ao TNV KAUTVAT TO VEPO
Bpiloketal 6€ KATAOTAOT VIOYVYREVOL LYPOV, EVED OTNV AV TEPLOYN Ppioketal o
KOTAOTUOT) KOPEGHEVOL ATHOD.

ﬂ.,__\lﬁ

Zynpa 1-2:
Merafoin g /
Oeppokpaciog roh

Bpacpov vepod

>O1)

Ilis

CUVUPTICEL TNG

Oeppoxpaociag. -

P e——

30 100 120
Osouokoacia °C

To Sdypoppo avtd emitpémel v GUEST) GuoyéTion piag Beppokpaciog pe
CULYKEKPLWEVN THEOT 1] KUl avIIoTpOQQ. TPdypa mov Ppiokel LeYGAN £Qappoyy oTnv
TNEPIMTWOT TOAVTAOK WV VTOLOYITUAV.

Xyéon evlalriag — wicone,

EvOainia ovopdletar n mocotta Oeppotnrag nov nepiéyetor oe 1 kg puog
ovolag oe oplopévn Oeppoxpacic. H evBainia eivar avaloyn g Oeppoxpaciog.
[Tohd onpavtikd poélo yw TV €KTiENOM TG KaTdotaons Kl g evBuimiag tov
KOPEGPEVOL VOPATHOD, Tailel TO Sidypappa ToH akolovbel, T0 omoio TaPoTAVEL TNV
evBainia 1kg xopeopévov pevotold oe oyéorn pe TV mieon. Ano v mieon, evKoia
npoadopiletar kat 1 Beppokpacia.

H xapmoin ocvpPotikd vrodwipeital oe 600 PEPT: aplotepd 1 KApmOAN TOL
KOPESHEVOL DYPOL Kat deE1d 1 KAUTOAN Tov Kopeopévov atpov. To onpeio Toung
Tovg ovopdletar kpiowywo onpeio. Xe avtd CLVLTTAPYEL VYPO KOl ATHAC. ZUVETAS,
apkel pa anepoot) petafoln mg evbaimiog yio va TEPECEL TO PEVOTO GE KATAOTOON
VYPOL 1 atpov. Aplotepd NG KOUTOANG TO pevotd Ppioketar o kardotaon
VTOYLYREVOL VYpOD, Onhudn oe Oeppokpacio katdtepn amd exeivn tov Bpacpov
otV 0w mieon. Aefid ¢ KapmOAng vaapyer vagpOeprog atndg, dNAadN aToS
vumidtepng Beppokpaciog and avtig Tov Ppacpov. otny idwa mieomn.

To tunpa A-B. mov etvat k@bBeto otov d€ova g mieong, dnhadr avaeEépetut
oe ouykekplpévn migon (Gpa xor Ogppokpacia), avumpoocwnedel 10 MOGH NG
Beppotnrag mov amatteitar yia 1 petatpony|] lkg xopeouévov vypobd oe kopecuévo
atpd. [pdketal ovowotikd yw ™ Aavldvovoa Beppotnta atpomoinons. Avti 7
nocoTnTa Oeppudtnrog, apaipeital 1 tpocdidetal 1o nePPEAiov, ne amoTELEGHA TN
woEn N m Beppavon| tov.
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Kplgio onpeio
MO

l‘.‘)*.-‘ﬂ— \
Y mowyuyevo uypo / i \\ Y aepbepuoc atuoe
/ Miypo vypou

/ KO ATHOD

\oyapiOpoc s wicong

Evlaimia

Zmua 1-3: Avdypappa micong — evladmiag Tov vepov.

1.2. YWYKTEY (YYI'EIA) KAI ANTAIEY @EPMOTHTAY -

EIZAI'QI'H
H &wepyacio petapophs Oeppdmrag amd  pioe mEPOYT]  YOUNAOTEPNG
Bepuokpaciog o e GAAN pe vynAidtepn ovopdletar WwHEn kot oamotekel Paocucd
topéo  epappoyv g Beppoduvvopiknc. Ot cuokevég mov  mopdyouv  Yodn
ovopdalovtal WokTeg 1 avriieg BeppuodTnTag Kol o1 KOKAOL GOUP®VE, LE TOVG OTOI0VG
aVTEG Aettoupyovv ovopdlovror yuktikol kdkAot. O Mo cvyva YPNOILOTO0DUEVOS
YUKTIKOG KOKAOG €IvaL 0 WYUKTIKOG KOKAOG LE CUUTEST) ATHOV, GTOV 07010 TO YUKTIKO
ovuméletal ot eaocn tov atpol. ‘Evag dAlog yvwotdg KukAog elval 0 KOKAOG YHENG
aepiov, 6tov omoio T0 YUKTIKO TOPUHEVEL CUVEXMG GTNV OEPLD KOTAGTHON. AAlo
yuktikol kdxiot mov eivar dwadedopévor, etvat:
e O «xixhog otadakng woéng (cascade refrigeration) «atdé tov omoio
{PMOLOTOLOVVTAL GE CEIPE TEPLOCOTEPOL amd Evag YukTiKol KOKAOL.
e O xiOKAog Yo&ng pe amoppdenon (absorption refrigeration) otov omoio 0 YukTiKd
TPV CLUMIECTEL SoAveTan GE VYPO.
e O Oepponrextpikog kvkhog WvENg (thermoelectric refrigeration) otov omoio n
YoEn mapdyetol and TN SEAEVOT NAEKTPIKOV PEVLOTOS OUECOD dV0 AVOLOLWY
VAIKOV.

1.2.1. YYKTEZXZ (PYI'EIA) KAI ANTAIEX OEPMOTHTAZX - ANAAYZH
Eivon yvwotd 6t np pony Bepuodmntag mpoyportonoteital and TG mEPLOXES LYNAGDV
feplokpacidv mpog TG TEPLoyEG yopnidv Oeppokpacidv. Avty n diepyacia
HeTOQOPAg BepuodmTag oebdyetal 61N QULOMN, YwpPIig va amaiteital 1 pNoN KATOloG
ovokevng. H avtiotpopn depyacio etvar addvato va Adfer yodpa avbépunta. H
ueToQopa Bepudmrog omd pw meployn yopnAng Oepupokpacioc o pwa meEpoyn
vyYNANg Beprokpaciog amotel £101KEC GUOKEVES, TOL OVORALovTul Yoyeia 1) YOKTEC.
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Ta yoyeia eival cuokevég Tov AEITOVPYOUV e KUKAIKEG Slepyacieg oTic onoieg
10 Héco (1 pevotd) Aettovpyiag ovopdletar yuktikd. ‘Eva yuyeio mapovordletar 610
endpevo oynua. Me Q moprotavetal 1 rocomta Beppomrag mov agaipeital and 10
1Opo Wo&ng (yvypodoyeio) oe Oeppoxpacia T;. Me Qy mapwotdvetar 10 m00o
Bepporag mov anoppintetal oto Beppodoyeio oe Beppokpaoia Ty Téhog, pe W, iy
naplotavetal 10 kabupd £pyo €wwodov otov Yokm. Ov moocdmreg Qp kot Qy
TAPIGTAVOLV PUOIKA HeYED Kal EmOUEVAC £xovV DETIKES TIHEC.

Mw @\An cvokevi] mov peta@épel Bepudmte and £va HEGO HE YOUMANY
Bepuokpacia oe éva GAlo e vynin Beppokpacia eivar n avriia Beppdémrag (heat
pump). Ov yokteg ka1 ot avriieg Bepudmrag eival ovolaoTiKa Ot ideg CLOKEVES,
Se@épovy HOVO OTOVC GVTIKEILEVIKOUG TOug oOT0x0vs. To wyoyeio £xer og
QVTIKELLEVIKO OTOYX0 va JaTnphoel Tov YuyOHeEvo y®po ot yaunin Bepuokpacia,
apap®@vtag and avtév Bepudmra. H andppym mg Oeppdmrag avtig oe éva péco
vyniig Beppokpaciag anotekel éva avaykaio Tunua avtg mg diepyaciag, o to
ot0y0. Avtifeta, 0 avTIKEWEVIKOS OTOX0C NG avthiag Oeppuoéomrag eivar va
Swmpnoet éva Beppavouevo xdpo oe vymin Beppokpacia. Avtd apaypatonoEital
ue amoppdenon Beppodmrag and ma wnyn YaunAns Beppokpacicg, 6mwg wa
VEPOL 1 0 KPVOG EEMTEPIKOG aépag Tov yewmva, pounbevoviag m Bepudmra avm
ot éva Beppdtepo Péco, OTMG Eival, Yo Tapaderypa, éva omiTL.

Sgppd mepfidAdow Seppd oxin r
Tyqpa 1-4: O oxondg
evog yoyeiov eivar n
aguaipeon Oeppotnrag QH QEeBoywo
Q, anb éva yuypodoyeio, obog,
£V 0 UKOﬂég puag Wt im=omeiwod|wm e Wnetin=omatolipeim
uvrliag 98[.)[1 6TT|TIIQ I:( B \.’ glondor I:]. R slvobor,
givar 1 tpopnBgvon N N’
Oeppoétnrag Qy oc éva QLecmiaymel -
Oeppodoyeio. AvE '
Fuydpevog ywpog Foypd
wepifdAdon
A) ¥YTEIO B) ANTAIA
GEPNMOTHTAL

H ocwotm Aeitovpyia tov yuyeiov xat tov avihdv Beppomtag exopdaletal
and 10 cvvtereotn Aertovpyiag COP, mov opiletan and tig axdrovbeg oyéoeic:

emBount éZodog _ yuxtkb amotéheope O,

COP, =
UnaITOVUEVT) EI0080G £pyo £16060V Wi

emBopunt) é€odog  _ Bepuikd amotéheopa _ Oy 1.2
anatTovpEVT) EIGOS0C £pyo €10080V W

net .in

COF 'J:;_.-- —

Ou oyfcelc aUTEC UMOPOLV VA  EKPPACTOLV HE TN Hopen pubudv,

avuikabetdvrag 10¢ mocomteg Qp, Qu, Wi in HE TG mOoCOTNTEG éuém{vmh
avtiotorra. O ovvieheotég rertovpyiag COPy xar COPyp pmopovv va mépovv Tipég
peyalvtepes ™G povadac. H ovykpion twv mponyoduevev eEl0OCEQY, deiyvel OTL
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COP,, = COP, +1 1-3

1w cvykekpuéveg TéG Tav Qp, Q. E@ocov o ouvtelestig Aertovpyiag COPy eivan
fetikr) TocOTTA, TOTE M TPOTYOVUEVT] OxEoT LIOONAMVEL 0Tl 0 cvvieheotic COPyp
Ba eivar peyakvtepog g povadag (COPyp>1). Anhadn, ot xepdtepn nepintwon n
avtiia Beppomrag Ba Aertovpyel amodidoviag oto omitt ion akpifdg mocdTTa
evépyelag pe oty mov KatavaAdvel. Opwg, oty mpoypatikdtnta, Eva pEPog g
Bepuomrag Qy ybvetar otov eEWTEPIKO 0EPE OLAUEGOV TV COAVAOCEMV KOl TOV
arrov cvokevmv. Otav 1 Beppokpacia tov eSwtepkon aépa eival TOAY yapnis o
ovvtereotig COPyp pmopel va méoet kT amd m povada. Otav cvpPaiverl avtd, 1o
GUOTILLO KOVOVIKG LETATPENETOL GE BeppavTiKn avticTaon.

H woxtikn ikavotta tmv cusTnudtev yitng — n oroia opiletatl wg o pubudeg
amopdicpuvons BepUOTNTOG AO TOV WOYOUEVO XDPO — oLVl ekppaletal oe Opovg
ovov yoéne. H kavomta evog cvotipatog yoing mov pmopel va maydoet 1 tovo
(2000 Ibm) vypod vepod 0°C (32°F) oe méyo Oeppoxpaciag 0°C, péca oe 24h,
woodvvapel pe 1 tovo woéne. ‘Evag tovog yoéng eivat icodvvapog pe 211 KJ/min 1) pe
200 Btu/min. To tomkd @optio evég cuvmbiouévon ownpatog 200 m? wodvvapel
nepimov pe 3 tdvoug yoéne.

1.2.2. O ANTIZTPO®OXL (ANTEZTPAMMENOZX) KYKAOX CARNOT

Eivor yvwo16 611 0 xdxhog Camot elval évag kOKAOG mov amotereitan and TEGoEPIC
AVTIOTPENTEG dlepyaciec, dVo 1000eppeg kal dvo 1oevipomikés. [Na cuykekpyéva
Oeppoxkpacuaid Opwr 0 KOKAOG autdg £xer pa péyiotn Oeppikn amddoon kot
YPMOLHOTOLELTOL WG PETPO GVYKPLOTG KEDEe mpaypaTikoh KOKAOL 10Y00C.

E@déoov o kdkrog eivar avtiotpentdg, t0te Kat o 4 Siepyacieg amd TG omoieg
ovvictatal eivar avtiotpentés. H avtiotpoer| tov kdxhov Ba avtiotpéyel emiong kot
mv  katevBuvon Tov arlniemdpdoswv tov épyov kar ¢ Oeppomrac. To
amotéleopa eival v mpokOyel Evag KOKAOG MOV AEITOLPYEL GTN AVILWPOAOYLOKH
koatevBovon kat 0 omoiog ovopdleTatl avtioTpoos 1 aviesTpapévos kokhog Carmot.
To yvyeio kot n avtiia BeppotnTag mov AErtovpyoLV GUUP®VA LE TOV OVIIOTPOPO
kOKho Carnot ovopdlovrar avtictorya youyeio Carnot kat aviiia Beppdmrog Camot.

Ocwpeitar évag avtiotpopog kbxkhog Carnot 7OV TPAYUATOTOEITOL GTO
ECMTEPIKO NG KOUTOANG (KOUTAVAG) KOPEGHOD EVOG WLKTIKOD PEVGTOV, OMMG
paivetar oto oynpa. To yuktikd amoppopd w6obepua Beprodmra Q; amd e mnyn
yapunAng Oeppokpaciog T, (depyacia 1-2), ovpmiéleton IGEVIPOMKE GTNV KATAGTAOT
3 (av&non g Beppoxpaciog ce Tyy), amofdiler 1660eppa mocd Bepudtnrag Qy oe
o deEapevny vynhnig Bepuokpaciag Ty (Sepyacia 3-4) war tEA0OG, EKTOVAOVETOL
loevIpomikd ot katdotaon 1 (mtdon mg Beppokpaciag oe T;). H katdotaon tov
YUKTIKOD pécov katd ) depyacio 3-4 petafdiierar oto cLUTLKVOTH amd TNV
KOTAGTAOT TOV KOPEGHEVOD GTHOD GTNV KOTACTAGT) TOV KOPEGHEVOL VYPOU.

O1 ovvteheotég Aettovpyiog Tov yuyeiov Carnot kot g avtiiag Beppomrag
Carnot givau

COPR,Camor = —7:1— 1-4
fH_q
T,

CO)OHP‘Camo.f = ‘ T ! -5
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[Mapampel koveic 6T ko ot 6VO TWES TOV GUVIEAESTOV Aettovpylag
avéavovtal kabhg pewdveral 1 dlaeopd twv dvo Beppokpacidv, dnhadn, kabbg n T,
avEdverar | n Ty pewdveral.

S

YT Opioo:
i ol il
et L

s

Tmpa 1-5: Lynpatiky nopactacn £vog yoyeiov Carnot ko owypappatog T-s
TOV VTIGTPOPOV KOKAOV Carnot.

O avtiotpogoc kdkAiog Carnot givat 0 mo amodoTikdg KUKAOG OV AgLtovpyel
peta&d dvo cvykekpiuévov Beppokpaciokmdy emmredwy. Emopévag, eivar puoikoé va
YIVEL L1 OPYIKT] OVOQOPE GE QUTOV GO Vi EIval O aVAUEVOIEVOS 18aVIKOS KUKAOG Yl
Ta Woyela kon tig avtiieg Oeppdnrag. Edv, BERata, avtd Ntav duvatd, oiyovpa avtde
Bo. elyxe vwoBeTnOel cav 0 Wavikog kuKrog. Onwe, dpwg, Ba e&nyndel ot cuvéyel, o
avtioTpopog kvkAog Tov Carnot dev eivan 0 KATAAANAOG Yo TOVG YOKTIKOVE KOKAOVG,.

Ot dvo 16060gpueg depyasieg yia T petaeopd Bepudtnrag dev eivatl dHoxoro
vo emtevyfovv oty mpdln, a@ov, Swmpdviag otabepr| mieom, ovTOHOTE 1)
Beppoxpacio Tov Swacucov piypatog o otabepomombel oy Tn Kopeopov. ‘Etot,
ot depyaocieg 1-2 kot 3-4 propodv va mPoceyyIoBoVY IKOVOTONTIKG OE TPAYLOTIKOVS
ggatpiotpeg kol ovpmukvotés. apdia avtd, o depyacieg 2-3 ko 4-1 dev eivar
duvatd va mpooeyylsfolv kavomomtikd oty pdén. Avtd cvpfaivel, enedn ot
diepyaoia 2-3 cvumeéletan piypa vYpov — aTHOV KOl Y10 TO AOYO 0UTO OIULTEITOL EVOC
ocLUMESTNG Kavog va “yepiletal’ dvo @doeig, evd 1 depyacio 4-1 empépel ™y
EKTOVOOT] TOV YUKTIKOD HEGOV LLE DYNAO VYPUGLAKO TEPIEYOLEVO.

Gaivetar 611 avtd ta wpofinuata Ba pmopovoav v amoeevyfolv, gav o
avtioTpopog kukiog Carnot Tpoypatomoldtay EEw and v meployn] kopeauov. Opawc,
oe ot ™V mepittwon Oa frav dvokoro va datnpnBovv 1600eppes cuvOKeS KaTd
m SlpKeld TV SlEPYUCIOV AToppOENOTG Kot armdppiyng Beppomrag. Emopévag, 1o
CUUTEPUOHE TTOV TPOKVITEL Eivan OTL 0 avticTpopog kVkAog Carnot de pmopei va
TPOcEYYLOOEl GTIG TPAYHOTIKEG CUOKEVES Kol OTL aVTOg Oev amoTerel Eva pEAMGTIKO
TPOTUTO TOV YUKTIKGOV KokAmv. Opmg, pmopel vo ypnowomombel oo HETPO
cVYKPLONG Y10 KAOE TPAYLATIKO WUKTIKO KOKAO OV TPOKEeLTaL va pehetnOel.

10
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1.2.3. O IAANIKOX KYKAOX IIAPATI'QI'HX WYYEHX ME XYMIIIEXH

ATMOY

[ToAdég amd T1c dvokoAieg mOL EYOVV GYECT) HE TNV TPAYHOTOTOINGT TOV

avtioTpo@ov kOKkAov Camot, oty Tpa&n propoldv va EEmepastodv wg £ENG:

1. E&otpilovtag mANpmg T0 WUKTIKO TPV aUTO CUUTIECTEL.

2. AvrikaBloTd@VToG TO GTPOPRINO [LE [t GUOKELT] GTPUYYOALGLOY, O pio PodBido
EKTOVMOTG 1) £VAV TPLYOELST) COATVAL.

O xdkhog mov mpoxvmTeL €101 OVOHAleTOL 1BaVIKOS YUKTIKOG KOKAOG We
ovpmieon atpol kat mapovotaletal oo Swbypappa T-s wov akorovBei. O yukTikdg
KOKAOG 1€ CLUTIEST) ATHOV Elval AVTOG OV YPTGLUOTOLEITAL TEPIGGOTEPO OTU YuYEia,
T0 KAMUOTIGTIKG. GLOTAKATA Kot TG avTiieg Oeppotntag. O kdkhog avtdg anoteheiton
and téooepi; diepyaciec:

1. logvTpomiky) CUUTIEST] OE GUUTECTY).

2. IooBapnic amdppryn Beppotnrag oe cvpnvkvotr) (P=octabepn).

3. Ztpayyaropdg G€ GLOKELT] EKTOVMOTG.

4. looBapng amoppdenon Beppdtnrag oe eatotmpo (P=otabepn).
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Wugopeis Aipog
B
Zypa 1-6: Zynpotik wapdotacn ko daypappoe T-s tov wavikod kOKAOL
napaywyns YoEng pe copmicon atpov.

e éva davikd kbkho YOENG He ovumieon oTHol, TO YUKTIKO EIGEPYETUL GE
KOTAGTAOT] KOPEGUEVOL QTHOV OTO CULUTIECTY) OTNV Katdotaotn 1 Ko cupméletan
LOEVIPOTIKG otV Tigan Tov cvpumukvet]. H Beppoxpacia tov yuktikod pécov katd
1 SIEPKEL TNG LOEVTPOTLKYS GUUTIESTS avEAvVETAL OpKETE Tave amd T Bepporpucio
0V MEePPBAALOVTOG LEGOV. ZTT) CUVEYELL, TO WUKTIKO ELGEPYETOL GTO CUUTVKVMTI LLE
N HOPPN VAEPOEPOV ATHOV GTNV KOTAOTAGT 2 Kol EEEPYETAL GAV KOPECUEVO VYPO
om katdotaon 3, e€atiag g amdppiyng Oegppomrag mpog 10 mepifdaiiov. H
OeploKPOCiO. TOL YUKTIKOD OTNV KOTAOTUO! OUTH TOPOUEVEL VYTAOTEPT NG
Bepurokpaciog tov mepifarrovrog.

To wyvuktikd pe T HOPEY] KOPEGUEVOL VYPOL OTNV  KATAGTACT] 3
otpayyorileTan oty wieon tov eatpiomipa mepvavtog Swapécov pag PaiPidag
ektovoong N Swpécov evog Tpryoedolg coifvae. Katd tn dudpkewr avtig mg
diepyacidg, n Oeppokpacic Tov TEETEL KATO omd TN Beppokpacio Tov YvYOUEVOL
y®pov. To WoukTikd HECO ELGEPYXETAL OTOV EQTIIOTNPC OTNV KATtdotoon 4 pe
LOPYT,  KOPECUEVOL  PiypaTog yaunirg mowdtntag kot efatpiletor  mAY|pog
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Kegaiato 1: Ewcaymyy

AmopPPOYMVTAG BEpUATNTA OO TO WYOLYXOUEVO X(DPO. XT1 GLVEYELD, eEEPYETOL OO TOV
eEaTIIOTPO MG KOPEGHEVOS A THOG OV EAVUUTAIVEL GTO GLUMIEGTT] OAOKANPOVOVTUG
£1G1 TOV KOKAO.

210 owloKG yuyeie TOo TUNpO NG Katdyvéng, oto omoio 1 Beppotnra
amoppo@dtol amd To WYukTikd, mailer to poio tov eatpiotipa. To diktvo tav
cwAVOcenV Tiom and 1o Yuyelo puéoa amd to omoio 1 BepudmTe drockopmiletar
otov aépa g Koulivag Aettovpyel Mg GUUTLKVOTHC.

Twhnviacg
chatparfpu

Tpvyod i."'.}‘
Tuypa T ownves

KaTimyiuT s

AL
Koulivas 25%

Lypa 1-7: "Eva cvvnOwopévo
OLKLIKO Yvyeio. (P

~ LminVnTic
BUHWICY T

XNUEIDVETOL ETioNG, OTL 1 TEPLOYT KAT® amd TNV KapmOAN depyaciag Tov
dwaypduparog T-s maplat@ver ™ HETAPOPE DEpUOTNTAG YO ECOTEPIKE QVTIOTPEMTES
depyaociec. H meproyn) xdtw and v xoumdin g depyacioc 4-1 mapiotdvel
BepUOTN T TOL ATOPPOPATAL OO TO YUKTIKO GTOV EEATUIGTIPA, EVD T) TTEPLOYN KOT®
amd Vv KapmoAn mg diepyaciag 2-3 mapiotdvel ) BepUOTNTA TOL ATOPPINTETOL GTO
cvpmukveTy. Amotekel, TEAOG, KavOva 0 GUVTEAEGTNG Aertovpylag v Peltidvetar
kotd 2% wg 4% yu kdbe Pabud Kelolov avénong g Oepuokpaciog Edtuiong 1
petmong e Beppokpaciog copTHKVOGENG.

‘Eva dAlo didypappa mov ypnOCLUOTOLEiTaL GLYVE 6T AVAALOT TOV KOKAMV
TOPUy®YNG YOENG Ue ovumieon atuov eivorl avtd g wicong — eviaimiag (P-h). onwg
anewkoviletar mopaxdtm. e avtd T0 Siypapud TPES amd TIC TEGGEPLS dlepyacicg
eupaviloviar ¢ evbeieg ypOUUES KOl T UETOPOPE OTO CUUTLKVMTN KOl TOV
egaTioTpa lval avaloyn He TO UNKOG TV KOUTVADVY TV AVTIOTOL MV SIEPYRCIOVY.

[Tapamnpei kaveis 0TL, 0 WBAVIKOG YUKTIKOG KUKAOG PE GLUTiEsT ATUOD dev
gival Evog ECOTEPIKE OVTIOTPETTOC KUKAOG QTHOD, EQOCOV TEPAAUPAEVEL Kot po P —
avTioTpenTn depyooia, 10 oTpayyoiopd. Avth 1 diepyacia dwtnpeital oTov KOKAO
Yo vo. Tov KGvel €va MEPICCOTEPO PEQAICTIKO MPOTLTO GUYKPIONG Yo TOLG
TPAYUATIKODG KOKAOLG Woéng pe ocvumieon atpov. Edv 1 cvokevn otpayyariounod
elye avrikataotabel and évav 10evipomkd oTpOfiro, TOTE TO WukTKO péco Oa
eloepyOTav otov eSaTioTpa oTnV Kotdotaon 4 kal 0xt oy katdotacn 4. Avto Oa
elye oav amotélecpa v adENoT g wKavoTtag WHEng (katd tmy mepoyr Katw omd
mv Kepmoin 4°-4 tov 1avikov KOKAOL) Kot ) Heiwon tov kabupod Epyov £10ddov
(kotd éva mocd {oco pe 1o €pyo eEddov tov orpofirov). Tlupdia avtd,
avtikataotaon e PaiPidog extovoong amd éva otpofiho dev eivar ekt otV
Tpdn, dedopévov 6Tl 0 KEPJOG amd ™ Bertivon TV XapaxTNPoTIKGOVY Aettovpyiog
de Odwowhoyel To emmpdcOeto. €080 Kal TNV OWENUEVI) TOALTAOKOTNTO TTG
KO TOULOKELT|C.
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Kepdharo 1: Ewsaywyn

.-'-"-\\
A5
S av" ) Zmpa 1-8: To owdypoppa P-h evig
H— {L—/—‘ el OOVIKOD KUKAOU CURTIECT|S GTHOV.
. !5 :
Ve Vi
/S __.F’."
/‘;’ A 7

Ov técoepig ovokevég mov oyetifovral pe tov Wavikd kOKAO TapayYHS
WOENG pe ovumieon atpov eivar Oheg cLOKEVES GTabepomonuévne pons. Emopévag,
kot ot 4 diepyacieg mov amaptilovy Tov KOKAO pumopovy va avaivfovv wg depyaocieg
otabepomoinpévng pong. Ot petaforé g KvnTIKNG Kol THG SUVAILKTC EVEPYELAG TOV
WYUKTIKOD PELGTOV £ival cuVIOME HIKPES GE GUYKPIOT] HE TOVG OPOVS TOL EPYOL Ko
TOV TOCOV TNg OepHOTNTAG MOV WETUPEPOVIOL, HE OTOTEAEGHO VO UTOPOVV va.
fewpnbolv apeintées. ‘Etol, ce ctabepomompévn pory, n e&icwon evépyswg, ava
povada paloc, avayetar otV akdiovdn oxéon:

(gin - QOHI)-'_ (Wm - Woar) = he “hi 1-6

LTO GUUTVKVOTH KOl TOV eEQTHIOTIPA JeV EUTAEKETAL KAULE HOPOT] £pyOv.
Enopévog, o cupmukveotic uropei mpooeyyiotikd vo Bewpndel adafatikdc. ‘Eto, ot
npég tov ovviereot] COP tov yuyelov kol tov aviadv Oeppomrag, mov
AEITOVPYOVV HE TOV YUKTIKO KUKAO OUUTIEGTC OTHOV, UTOPOLV avTioTowd Vo
Ypaovv wg eENg:

cop, =4 M=l 1

'1‘“.-! it f‘r' - hf

_Gu _" 18
COP,, h—h
omov 1o mv 16avikn nepintwon hi=hgg,; kot hy=hegos.

H y0&n pe ooprieon atuod ypovoroyeital and to 1834, 6tav o Ayyhog Jacob
Perkins éhafe dimlopa gvpeciteyviag yio pa pnyovi) Topay®yng Tdyov oe KAEIGTO
KOKA0, M omoia ypnoiponolovoe cBépa 1) AAA TMNTIKG PEVCTA GE POLO YUKTLKOV
pécov. ‘Eva mpdtomo avmg g unyavns KATOHOKEVAOTNKE Kol AEITODPYNOE YWPIg
Opwg moté va mopoyfel epmopikd. Xta 1850, o Alexander Twining dpyioe va
oyedialel ko vo KaTaokevalel pnyavég mopaymyng mhyov He GLMTiEsT aTHOV,
yonoipomotdvrag  abvAikd  afépa, mov omoterel TO  WukTkd  HECO WOV
YPNOOTTOLEITAL EUTOPIKE GE GULGTNHOTE TOPAYOYNS WYOENG pe ovpmieon atpov.
Apykd, to cvotnuoto WOENG KE oLUmiEoN atpol NTav oykmdn kai ERpiokov
EQPOPLOYN KOPLO OTNV TTopaymyn Tdyov kat v amodnkevon yoyxous. Agttovpyodoay
XOPIG EMAPKT QVTOUATO EAEYYO KOL ETAIpVOV 10D Ao pnyaveg vdpatpov. Opwg, amd
to 1890, pkpoTEPEG MAEKTPOKIVITEG UNYAVES, EPOSICUEVES HE AVTOROTO EAEYYO,
apyloav vo ovTikaioTovv Tig TOAAIOTEPES HOVAOES, HE OMOTELEGHA TG CLOTHLOTO
WOENG va apyicovy va xpnoiponotodvtal oTo KpeomwAeio ko ta onitia. And to 1930,

net in
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Kepaliaio 1: Ewcaywyr

ol ovveyeig Pertidoelg Ekavay duvatn v vrapln ovetnudtev Yokng e cuumieon
ATUOV, TOV NTOV MO UTOS0TIKA, AElOMGTA, HIKPE KOl OTNVA.

1.2.3.1.TIAPAAEII'MA: O TAANIKOX YYKTIKOX KYKAOX ME XYMIIIEZH
ATMOY

‘Eva. yoyeio ypnopomotel” yia pevotd Asitovpyiag wuktikd R-134a ko
Aertovpyel GOUEOVE PE €vo WOAVIKO WOKTIKO KUKAO CUUTIEONG OTHOV WETAED TmV
opiwv mieong 0.14 Mpa «or 0.8 Mpa. Eav n mapoyn pafog tov wuktikov eivan
0.05Kg/sec, va vmoroylotouv: (o) 0 puOpog amoppiyng BeproTNTOS A6 TOV YuYOUEVO
YOPO KAl M 10y0g £10680V Tov ovpmeoty], (B) o pvOudc amdppyng Bepudmrag oto
neptaiiov kat (Y) 0 ouvieeoTig AewTovpyiag Tov yoyeiov.

Eriivon:
O yuktikdg KOKAOG TOL Yuyeiov mapovordletar ypapikd oe Sidypappa T-s,
o1 ovvéyewo. [Ipdkertal yo évay 100VIKO YUKTIKO KOKAO HE GUUMIEST] GTHOV. TTOV
neprAapfével cvotaTikd oTolei Omov M por| eival otabepomoinpévn. Apa o
CUUMIECTG £Vl IOEVIPOMIKOG KOl TO WUKTIKO £EEPYETAL OO TO CUUTVKVATH HE TN
LLC POT] KOPETHUEVOL VDYPOV KOl ELGEPYETAL GTO GUUTEGTN (OG KOPEGHEVOG UTHOC.

Xyfqpa 1-9: To dwaypappa T-s
EVOG 1OAVIKOV KUKAOV YOENG pe
cupmieon aTpov, To 070i0
TEPLYPAPETUL OTO TUPAIELY P

IMopadoyéc:
Ot ovvBrnkeg hertovpyiag etvon otabepég kat or petaforéc TG KIVITIKNG Kot
SUVOLLKNG eVEPYELNG Elval LLEAT|TEEG.
Avaiven:
~ And 1oug mivaxeg tov R-134a, ot evBohmieg Tov yukTiKoD 0TI 4 KUTAGTAGELS
etvon o1 e€ng:
P\=0.14 MPa _, h;=h,g 14mp.=236.04 KJ/Kg
—5 S1784@0.14Mpa=—0-9322 KJ/(KgK)

P,=0.8 MPa _. h,=272.05KJ/Kg

KaL §,=5,

P3:08MP3 RN h3=hf@0.8MPa=93'42 KJ:"rKg
h,=h; (otpayyahopss) s hy=93.42 KJ/Kg
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Kepdhaio 1: Ewcayoy

() O poOuOC apaipeons BepHOTNTAG OO TOV YUYOLEVO XDPO KAl 1) 10YDE E16030D TOL
CLUTIEDTY), KaBopilovTal COLPMVA LLE TOVE OPIGLOVE TOVG:

0, = m(h, —h,) = (0.05 Kg/s)[(236.04 - 93.42) KJ/Kg] = 7.13 KW
W = m(h, - h,) = (0.05 Kg/s)[(272.05 - 236.04) KJ/Kg] = 1.80 KW

(B) O pvBuog amdppryng Bepudrag and 10 YukTiKG HECO TPOg TO mEPIPailov
kaBopiletar and v akdLoven oyEon:

QH - ,;,(;,3 —h,) =(0.05 Kg/s)[(272.05 - 93.42) KJ/Kg] = 8.93 KW
1 and 1M oyéon:

Q, =Wiu+Q, =1.80+7.13=893KW
() O ovvteleaTig AEITOVPYIOG TOV WVKTLUKOD VITOAOYILETAL GO TOV OPIOHO:

cop, =Lt KSRV 396
W, 1.80KW
Andadn, avtdg 0 YokTNG Yo KaBe povado MAEKTPIKNG EVEPYEWNS TUV KATOVOAGDVEL,
apaipel Tepinov 4 povadeg evepyelag and ToV YUXOUEVO XDPO.
yoha:
 ®a Mrav svdwoeépov va et xaveig Tu Bo ovvéBawve, sav n ParBida
oTPUYYaAOHOY Elye avTikataotabel and évav itoevipomikd otpdfrro. H evbaimio
omv katdotoon 4s  [omv  £€£odo  Tov  otpoBilov, P,=0.14 MPa kot
$4.=53=0.3459KJ/(KgK)] oe avty v mepintwon Oa frav 86.92 KJ/Kg xar o
otpdfrhog Ba £dwve 1oy 0.34 KW. Avto Ba peiove v 1oyd £106600 01OV WOKT 06
1.80 og 1.46 KW xou 6o av&ave 10 pubud apaipeong Oepudmrag omd tov yoyouevo
x@po amd 7.13 og 7.46 KW. Q¢ anotéhecpla, 0 CLUVIEAEDTNG AELTOVPYIOG TOV YK
Ba avéavotav and 3.96 oe 5.11, B vanpye nradn adEnon mg TaEng Tov 29%.

1.2.4. TIPATMATIKOI KYKAOI ITAPAI'QI'HEX YYZHX ME XYMIIIEXH
ATMOY

‘Evog TpoyUoTikog KOKAOG Tapay@yng YOENG LE CULUTIEST] OTHOD SlpEPEL N TOV
avtioTolyo 15avikd KOKAO o€ ToAAG onpeia, eEaitiag KVPIMG TOV AVAVTIGTPERTOTHTWOV
nov epeavioviol oe diaeopa eCapTipata Kol CUOKEVES. Avo cuVNBIoUEVES alTieS Yia
MV ELOAVIOT] HI0G 1T — GVTICTPERTIG AELtovpyiag gival 1 TpiP) Tov pevotod (mov
TPOKAAEL TTOOT TEONG) Kot 1 HETAQOpE Beppdtntag mpog N and o mepBdiiov. To
ddypoppa T-s evog mPayUaTIKOD YUKTIKOD KOKAOD GUUTIECTC ATHOD TopovsidleTal
OT1] CUVEYELD.

Ztov 10avikd KOKAO, TO WUKTIKO péco eEépyetal omd Tov £EATUIOTPO Kot
ELOEPYETOL OTO CUUTIECTY] LLE T1] HOPPN KOPESHEVOL aTHOD. AVTO deV eival dHuvaTd va
npaypatonomBel oty npdln, epdoov eivat advvato va ereyyBel pe tEton axpifewa n
KOTAOTOOT TOV WuKTikoV. AvTifeta, T0 ovotua oyedidletal ne TETO0 TPdTo, MOTE
TO WUKTIKO v givol eha@pdg vmépbeppo oty €icodo TOov OLUMESTH. AVLTOC O
emmAéov oYedUOHOG eEaopaiilel 0T T0 YukTiKO péco eatpiletor mMANpmS KoTd TNV
gioodo tov oto cvumeot. Emlong, n ypapun mov cvvdéel tov eaTiompa e TO
ovumEsT eival oLVBg TOAD HEYAAN, WE OMOTEAECUA 1) TWTOON TIECNG 7OV
TPOKoAeEiTal amd v TP TOL PELOTOL KAl 1 UETAPOPA Beppdtnrag omd 1o
nepfddlov 010 YukTikd evdéyetarl va eivarl moAd onupavtikés. To amotéheoua g
vrepBépuavong g Beppotnrag mov e£okovopeitar 6T Ypapp] cUVEEoHS KAl TV
ntdoewV Tigong oTov eEQTIIOTAPA KOl 0T Ypappn cdvoeong eival i avénon otov
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Kegpakato 1: Erwoayoyn

ewdkd dyko. Avth 1 adENoN Ue T GEPA NG EMPEPEL Pio. 0HENCN TNG ATAULTOVUEVNS
000G £16050V OTO CLUTIESTY), dedopévoy OTL T0 £pyo oTabepomomuévng porig eival
avaioyo Tov £101KOV GYKOU.

SRRl
mEpaiday i

A s e

—— SRS
LT n _."" N /

; N ¥
- [ N\A
v Bolas Rt | W, : L e S \
L TkTOViGaIs > ¥ — .7',’ %\ \
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M) phperh
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Tyqpoe 1-10: Eynpotiky mopdotacn kou dwaypoppe T-s tov mpayporikod
YUKTLIKOY KOKAOV e cvopmison atpov.

Ztov wWavikd kokio n diepyacio coumieong eivol ecOTEPIKE AVIICTPENTH Kol
adwfatikn, dnAadn avuotpent). H mpaypatikn, opwg, depyocio ovumieorng
oLvodeveTal amd @owopeve PPN, o omoln avEdvovv TV evipomicn Kol N
petaopd Bepudtnrac, n omoia pe TN oepd G, avdroya pe v Katevhuvorn Tpog TV
omoia paypotomoieital, pmopel va avinoel N va pewdoel myv eviponia. Emopévac,
KOTG TN OUPKEW LOC TPAYHOTIKNG OlEpyacios CULUTIESNE, OVAAOYX WE TO MO
QOWVOLLEVD LTEPLOYVOVY, 1 EVIPOTIOL TOL WUKTIKOU pECOL pmopel va avéndel
(Sepyacia 1-2) 1) va peiwdei (Siepyacia 1-27). H depyacia ovpricong 1-2" pmopei va
elvol meplocotepo embountr] amd TNV OEVIPOTIKY] dlEpyacia cuumieong, dedopévon
OTL 0 €01KOC OYKOG TOV WUKTIKOD KOl CUVETMG TO OMALTOVHEVO £pY0 €10080V eival
LKPOTEPY GE QLT TV REPInTOOT. Apa, T0 YukTko Do mpémel va WoyeTaLl Katd
diepyacia g cvumieong, Otav aVTo KPIveTal TPUKTIKG Kot OLKOVOLLKE 0pBohoyikd.

Imv Wavikn mepimttwon vrotibetor Ot o yukTkd e€épyeton amd 1o
GUUTTVKVOTY LE TN LOPPT) KOPESUEVOL VYPOV GTNV Ttieon ££680V TOV GLUTIESTY. TNV
TPOYROTIKOTNTO OU®G, eival ovamOQEVKTO VoL VIAPYEL KATOW TTMON TECNS OTO
CLUTVKV®TT, KoBMG Kol 0TIS YPUUIES (CWANVAOGCELS) TTOL GUVIEOVY TO GUUTVKVMTY] LE
70 cvumeoth) Kot ) Barfida otpayyaiiopov. Eniong, dev eivar evkoro va SeEayBei 1
diepyasio cvumvkvaong pe tétow akpifewr, dote oto téhog g diepyocicg To
WUKTIKO HECO VoL €lvan KOPESUEVO DYPO Kol TO WukTikO dev embupeital vo 00mynbet
ot PoApida otpayyohopod mpwv ovpmvkvebel mApoc. Mo to okomd ovtd, o
YOKTIKO TTpwv €10€A0eL ot PaiPida otpayyoiiopod eival ehappdg vdyvkto. BéPata,
avto dev mepdlel kKaBOAov. EQOCOV GE QLTI TNV MEPITTOOT) TO YUKTIKO UTaivEL GTOV
gEatuotipo. pe yauniotepn evBaimic, pE ovvémewd vo UmOpPEl Vo AmOPPOPT|CEL
neplocotepn Beppdtnta and tov youyxopevo xdpo. H Barpido otpayyahiopod kat o
eéatothpag tomobetovviarl cuviBmg ToAl kovid peta&d Tovg, MoTe 1 TTOOT| TECNS
OTI YPOLLLY| IOV TG GVLVOEEL var £lvait pLKpT).
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Kegdharo 1: Ewoayoy

1.2.4.1.TTAPAAEII'MA: O IMTPATMATIKOZ KYKAOX YYZHX ME ZYMIIIEXH
ATMOY

Puktikd R-134a ewoépyetar pe m popo1 vaépHeppov atpold GTO0 GUUTIEST
gvog yoyeiov, oe micon 0.14 MPa kot oe Bgppoxpacio —10°C, pe pvBpd 0.05Kg/sec
kar eéépyetar ota 0.8 MPa xat otoug —50°C. To yuktkd péco wiyetar oto
cvpmukve™ otovg 26°C xat oe mieon 0.72 MPa xat otpayyohiletan og mison 0.15
MPa. Ayvodvrag kaBe petapopd Bepuomrag, kabog eniong kat kabe wrdon mwieong
oTg ypappéc ovvdeong petald TOV CUGKELMOV, VO VIOAOYGTOLV: (@) O puvBuog
andppryng Oeppdmrag amd Tov YuOUEVO ¥MPO Kat 1) 100G £10030V TOV CUUTIECTH,
(B) n adwPutiki) awédoon tOV cvLUMESTH Kai (Y) O CLVIEAESTNC Agttovpyiog Tov
yuyeiov.
Erilven:
O yoktikdg xOkAog mapovaualetal oe Saypappa T-s o100 mopakdte oynuo.
[Ipoxertat yw évav 13avikd YukTIKO KOKAO pe ovumieotn atpov, mov mepirapfaver
oVOTOTIKG oTOLKEl OOV 1) poT) eivar atabepomompuévn. To yukTikd e€épyetat and 10
CUUTUKVOTI] HE TN HOPOT) KOPECUEVOL VYPOD KOl EIGEPYETUL OTO GULUNIECTN ©C
vrépBeppog atpdc.
Hapadoyic:
T Ot ovvBnikeg Aertovpyiag eivar otabBepéc kot or peTaPforic ™C KvnTIKNIG Kot
duvapikng evépyelag elvar apeinTeee.
Avaivon:
T Ano toug mivakeg Tov R-134a, ot evBoArieg Tov WukTIKOL 0TS 4 KOTAGTAGELC
givan o1 e€ng:
P,=0.14 MPa  _. h;—-243.40 KJ/Kg
T,=10°C

Pz“O.S MPa Y h2=284.39 KJ»"’Kg
T,=50°C

P3=0.72 MPa -0 h3:hf@260C: 85.75 KJ/Kg
T3=260C

hy=h; (otpayyuliopog) — h,=85.75 KJ/Kg

Zypa 1-11: Avaypappa T-s yia

| 072 MPa - TO Tapaderypa Tov
W6C TPAYHATIKOD KOKAOU WHEne.
[ 0.14 MPa
| &L
g
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Kepdaiawo 1: Ewsayoyn

(a) O pvOubds apaipeong BepromTag 0O TOV YHYOHEVO XDPO Kul 1 LoYVG EL6OS0V TOV
oupmestn, kabopilovtal ULV [LE TOVUS 0PLOLOVE TOVG:

0, = m(h —h,) = (0.05 Kg/s)[(243.40 - 85.75) KJ/Kg] = 7.88 KW
W = m(h, — b ) = (0.05 Kg/s)[(284.39 - 243.40) KI/Kg] = 2.05 KW

(B) H adrafaticny anddoon tov cvpmest| kabopiletor amd v akdrovdn oyéon:
hy,,—h  281.05-243.40
I = = _—
© hy—h  284.39-243.40
ywti n evBaknia oty kotdotaorn 2s [P,=0.8 MPa xat s,= s, =0.9606 KJ/(KgK)]
wovtal pe 281.05 KJ/Kg.

= 0.919%91.9%

(v) O cvvieheatig AelTovpyiog TOV YOKTIKOD VTOAOYILETHUL (O TOV OPLOUG:

O, 7.88KW _
T 2.05KW

COP, = 3.84

!.VJ‘N

Yyoha:

~ To mpdéfinua avtd eivon mopdpolo pe 10 TOPAdEYLO Yo 100VIKO WOKTIKO
KOKAO, 1e TN Srapopd OTL 6TV MEPIMTOON CVT TO YUKTIKO givan eha@pdg vépBeppo
OTNV £10080 TOV GUUTIESTN KAl VIOYVKTO 6NV £€£000 TOU cupumvkveTh. Emmiéov, o
CLUTIECTIG e Aettovpyel 1oevIpomkd. AvTo €xel g OmMOTELESHN TNV avEnot (Kotd
10.5%) tov pvBuov agaipeong Beppodmrag amd tov Yuyxdpevo xdpo, evd M 1oYOE
£10000V TOV oLpmEcTn avEdveton akdun mepiocotepo (katd 13.9%). Etol, o
oLVTEAEOTNG AELTOoVPYiOG TOL YOKTH pewdvetal and 3.96 oe 3.84.

1.3. XYXTHMATA ANTAHXHY OEPMOTHTAY - ANTAIEY
OEPMOTHTAY

o opopéveg epappoyég, ot aviileg Oeppomrag evd  sivar  yevikd
akpPotepeg oV Oyopd KOl TNV EYKOTAOTOON TOVG GE OUYKPLON HE Te GAAO
cvompata BEppaveng, odnyovv pakponpdBecua oe e£0IKOVOUNON ¥PNUATOV, ETEST
peldvouv to Aoyoplocpod Béppavong. Iapa to oyxetikd vynio ko6cTog, 0 UPBROS TV
aviidv  Bepuodtnrag ovvey®g aviavetar. Ilepimov 10 éva tpito Oheov TtV
povokatolkidv mov yriomkav to 1984 omg H.ILA. Oeppaivovioar pe avrhieg
Bepprotnrag.

H mo ocuvvnbwopévn anyn evépyewg yu g aviiec Ogpudmrag eivar o
ATRHOCQUIPIKOS aépag (cvoThHate aépoc-a€pog), yopic PéRowa va amoxielovtal To
vepo kat 10 £€8apoc. To Bacikd TpofAnua ToV GLCTHLATOV e TYY TOV aépa eival M
dnuovpyie mhyov, mov ovvavtd Kavelg oe vypd kAlnata, Wwitepo Otav 1
Oeppokpacic méeTel kGtm and Tovg 2 wg 5°C. H cuoshpevon méyov 6to diktuo tav
coinvdoeov Tov eEatpiotpa ivar avemBounm, kuping enedn ebeiper cofapd v
aviiio Oepudtnrag. Onwg, to diktvo avtd pmopet va amowvybei aviiotpépoviag Tov
KUKAO GviAnorg Bepuotnrog (ypnoonotdvag dniadn v aviiic ©O¢ KAROTIOTIKG).
Avtd odnyel oe peiwon g amdédoomng TOV CLOTHMOETOG. Te CUCTAPATE 7OV
ypnoworoodv ¢ mnyn to vepd, cuvnbwg avtiodv vepd amd mmyddio PaBoug
peyolvtepo tov 80m. Ta cvomipato autd Aettovpyovv ot €ve BepLoKpUoIaKd
oo petagd 5-18°C ko dev mapovoialovy mpofinpate e Tov mGyo. Avtd éxovv
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Kepahaio 1: Elcaywyn

mkd vyniotepovg cvvteheotég COP, oddd eivar mepioodtepo moAdmAoka Kat
anoitodv €0KOAN TpdoPact o peydAn mocodTnTa VEPOD, OMMS A.). OTO VEPG TOV
vaeddeovg. Ta ovotiuata pe nyn 10 £8a@o¢ eival emiong OpKeTd TOAOTAOKG.
EQOCOV AMALTOVV HEYAAOL UNKOVG COANVAGCELS, Ol omoieg mpémel va TomoBetnBoiv
Babit oto £8apog 6mov 1 Bepprokpacia sival oxeTKG oTabEPT).

Ot ovvieheotég COP tav avihidv Beppomrag cuvibmg kopaivovtar petad
1.5 km 4, av@hoyo HE TO GUYKEKPIUEVO GUCTNUG TOV YPTCLUOTOEITal Kot TN
fsppokpacia g anyne. M véo katnyopia mPOCOATH AVERTUYHEVOV avTAidv
feppémTag mov Aewtovpyobv pe TAEKTPIKG KivnTpa petaPfAnmic toydTnrag
apovoialel TOVAAYIOTOV OmAGoIa andd00T) EVEPYEING OE OYECT] LE TA TPONYOUUEVE
CLOCTHHATA.

Téoo n wavomta 6co kot 11 anddoon TV aviMdv Bepudmroag peidvovratl
onuavtika ong yauniég Bepuokpacies. ‘Eto, o mepiocdtepeg avriieg pe myyn tov
aépa amaitovv emmapoobeta cvomjuata Bépuavong, 6mwg Beppaviikd MAeKTpKC
avTticTacng 1 KavoTpeg MeTpelaiov 1 aepiov. Aedopévov 6T o Beppokpacieg Tov
vEPOU kat Tov edapovg de petafariovial apketd, mOavAS Y1 CLCTHUATY UE YEG
EVEPYELQG TO VEPO Kal TO £8aQOog, va unv arxateiton emapdodetn Bépuavon. Ouwmg, to
ohomua ¢ avtiiag Beppomrac Bo mpémer va eival aOKET@ UEYAAO, OOTE Vo
wavomoleital 1o péyroto embounto eoprtio BEppavong.

AEITOYPTTA ANTAIAL GEPMOTHTAL-OEPMANYH
|' [3a2.01iAa mmiozpouic

L oTEf
',I ) THAATCGHTT)
ZUNGTRpE: e’

o7 e
| nlt,} f';'-i‘ll ERTOVIIOTS }'\ il
"T*

e Yypd UynAYg RiEDRS

e Y- pog yapnjAng nicomg
Atpdg yupning nleong
Ao uymang aleomg

AEITOYPITA ANTAIAL ORPMOTHTAE VY ZH (RAIMATIEMOX)

Baxfhon mvnatponns
r/ _\'

s, Avepothipas _/‘,__X

‘ -

B iner Al - 4
Elttepiem )
L

ApAT T

-
= 5
3. B

- 3&:.&1‘5 S EKTOVIETY,

Tyipa 1-12: H avthia Osppéyrag propei va ypnoiporomOei yio va Oeppaver éva
l oTiTL TO ZEWPOVA 1] Y10 va T YiHEEL TO Kahokaipt.

Ov avthieg Gepudémrog kot Ta KAIPOTIOTIKG €yovv T ida unyavika
gEaptiuata. Emopévag, dev sivar otkovopikd va vrapyovv 2 Eexmpiotd cvotipata
Y va TANPOLV Tic amaitioelg Oépuavong kal Yyoigng tov Kupiov 1 tov omudyv. To
{810 cvomua sivar duvatd va ypnoonoisitar ®g avriia Bepudmrag 10 yEWdVA Kot
©¢ KhpaTioTiké 10 Kahokaipl. Avtd mpayparomoital mpochitoviag wa Palfida
avacTpoPig TOV KOKAOD, OTeS TapovctaleTal 610 OYHa. Zav anoTEAecua auTig TG
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Keedharo 1: Ewsayoyn

TPOTOTOINGNG, 0 GLUTVKVOTNG ™G avtAiog Bepuotntag Aeitovpyel wg eEatpiatpag
0V KMpoTiotikov 10 kedokaipl Emiong o efatotipag g aviiiog Beppomrag
gEVTNPETEL G CUUTVKVMTHG TOL KAULATIGTIKOD. AVTO TO YOPAKTNPLOTIKO avEdver v
AVTAYOVIOTIKOTNTO TOV avIAdv Beppomrtac. Tétoleg povadeg pe duthr Aertovpyia
APNOLLOTOL0VVTOL cUYVE o€ Egvodoyeia.

Ou avthieg Bepporog eival MEPICGOTEPO UVTUYDVIOTIKEG OF EQAPLOYES WE
peydho wokTikd @optio katd TN Sudpkeld NG meprOdov YHENG Kol GYETIKE YounAd
poptio Béppavong katd m ddpxeia g mepddov Béppavong, onwg cvpPaivel oTig
voTotepeg meproyés e Evpdnnge. Znig mepoyég avtée, n avriia Beppomrag pmopei
V0L IKOVOTIOUMOEL TIG GUVOAMKEG avayKeg Tng Oépuraverng kot tov KAMUATIGHOD Tmv
owKlaK®V Kot epmopikdv kTipiov. H avidia Beppomrag eivar Aydtepo aviayoviotik)
o€ MEPLOYEG OTIS omoieg To Poptio BEpuaveng efvar onpavtikd kat To poptio WHgne
UIkpo, 0nwe ota fopetdtepa Tunpata e Evpommc.

1.4. IHEPITPA®H EEAPTHMATQN TOY WYKTIKOY KYKAOY

1.4.1. BAABIAA ETPAITAAIZEMOY

BolBida otpayyoriopod ovoudletar kabe eidovg didtatn mov meplopiler
poT, TPOKEADVING CMUAVIIKY TTtdon mieong oto pevotd (PoAfido extovoong). H
TTOO Tieong cLvodedeTal GLYVA omd pLeydAn Trdon g Beprokpaciag Tov peLOTOD
KoL Yio. TO AOYO auTO YIVETOL GUYVY] ¥P1OT TG O EQUPLOYES YOENG KUl KAUATIGHOD.
v nepintoon mov e€etaletal, 1 ddraln avt eival Evag TpLyoeidrg coAnvag.

Avt n &itaén oamoteheitan amd évo cwinvaklt pe otabepn) ecOTEPIKT
Siépetpo, mov pmopel va kopaivetol and 0.6 mm wc 2.26 mm kot pnkog and 0.6 wg 6
m. H mocdmra yokTikod mov mepva LEGH amd ToV TpLyoeldn cwinva eival otabepn|
KOt 0vTIoTOEL o pia kafopiopévn Tipn g mieong cuumokvoong, tieong eEdtpiong,
vOYLENC kot ToL Bepuikov QopTiov. Xe SPOPeTIKEG CLVONKEG, O TPLYOELONG
COANVAC VIOTPOPOJOTEL 1) VITEPTPOPOFOTEL TOV EEQTHIOTY], TPOKAADVTAG OKATAAANAN
anddoomn. Emopévmc, 1 £Qaproyn TOU TPLY0ewd] CoAva TPOPAETETUL O GUOKEVES
1ov mpoopilovial vo. AelITovpyoovy pe atabepd Bepuikd @oprtia, OTMG KALATIGTIKG,
YOPOV, OIKLAKA Yoyeia.

Xapokmnplotikd otoyeio tov PariPidov avtodv eivar to  yeyovog o
npokaAoVYV mTdon mieong yoplc va mapdayovv €pyo. Ovtag cuvnbmg HiKpég oe
uéyeboc, n pon péoa and avtéc pmopel va BempnOei adwPatikr, yoti dev vapyet o
OTOITOVUEVOG ¥pOVOC T OpKETd HeyGAn empdvelr GoTe vo mpaypatomownOel
petapopd Oepudtntag pe afoonueimtoug puipovs. Zuvendg ol TIHEG TNG evOOATIOG
7OV PELOTOV GtV £icodo kar v £€0do ag BarPidag otpayyaiicpot eivar ioeg. [
70 A0Y0 awtd 1 ParPida oTpayyciicpov ovopaletat kat woevBoimiky| diGtaln.

Mo tov vroloylopd g mrdong mieong Ap, Kot UNKOG TOV TPUXOEWOVS
ayyelov, ypnotpomoteital 1 Tpomomouévn egicmon twv Darcy — Weisbach:

Ap= P 19
2d
6mov o f ouvteheotnc TpiPne, | To pfKog kat d 1 ecwTEPIKY SIAUETPOG TOV TPLXOEB0DG
ayyeiov , p 1 TOUKVOTNTA KL U 1) TAOTNTO TOV YUKTIKOD.
Av Bewpndei 611 0 apiBudg Reynolds g poric mapapéver otabepoc yua Tig
Siapopeg cuvOTikeg Aettovpyiag, 10te 0 dpog flp /2 d pmopet va avrikatactabel
amd TOV EUTEPIKE TPocdloplloUevo GUVIEAESTY] Ve - Et01, 1 apyucn egicmon g
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Kepaharo 1: Eweaywyn

NTOOTMG TECNS UTOPEL VA TPOTOTOINDEL Kol apovd EKOPACTEL cuVAPTIOEL TG LOLIKNC
TOPOYNG M, OV elval avAAOYN TNG TOYLTNTOG, VO TAPEL TN HOPOT):

\[A‘P = necﬁ'm 1-10

H tuf tov ovvieheot| Vi 7pocdopiletar pe v eQopupoyn Ttov
TPOYPAUIATOS KoL T GVYKPLON TV anotekecpdtov pe dedopéva Aettovpyiag g
OVLOKEVT|G Ot oLYKekpéveg ovvOnkec. [lapatnpeiton 6Tt M petaforn] 100 Vieek
gmmpedlel erdylota 10 Ap, YEYOVOG TOL dkuloAoyel TNV apyikt) vOeo.

1.4.2. TYMIIIELTHX

O ovumeotig amotelel TNV kapdid Tov YUKTIKOD KUKAGHOTOC Yiati evBiveTat
yioo ™V SwTipnon g KukAopopiag Wuktikol pevotov. [l cvykekpyiéve o
CUUMIESTNG TOPOAGUPAVEL TOV WUKTIKO aTHO Of YOoUNAES TipEg mieomng kot
Oepuokpociag Kol TOV HETOQEPEL OE LYNMAOTEPES. X0V GUVETEW. EYOVUE Tat €ENG
OTOTEAECLLATOL:

e Xtov efatiom) dnpovpyeiton pia wrdon tng mieong kat tng Beppokpaciog tov
YUKTIKOD, oL Tov diver T duvatdtnta vo amoppo@nost Beppomta and 1o
neppailov.

e Y10 cvUmLKVEOTH dnulovpyeiton o avgnom g mieomng ko g Beprokpaociog Tov
YUKTIKOV, Tov Tov divel T duvatdtnto va amoddogl Beppotnto oto neptBaiiov.

AVt 1 Snpopd TeoNS AVALESH GTNV TAEVPA TG EI0OJ0V (avappoencon) Kot
mv mAevpd g e£0060V (katdbAiyn) eivon 1 artie mov datnpel TV kvKhopopia Tov
YUKTIKOD PEVOTOV.

v mepimtwon mov eEetaleton, ypnowyomoleitar £vag TOAVOPOUIKOG
CLUMESTNG 0 omoiog amoteieital and £va EUPOLO OV EKTEAMDVTAG Mot TAAVEPOLIKN
Kivnon oto eocmtepkd £vog KLAIvdpov, eEacpalilel Ty avappoenon Kot cvpmieon
OV YUKTIKOU pevotol. Elvor onpaviied yoo Adyovg 0CQAAEG TOV CUUTIECTY, TO
E10EPYOUEVO YUKTIKO pevotd va Bploketal mAnpmg oe aépla pdor. [ 1o Adyo avtd
TPOyHOTOTOElTOL Lo vEpBEpuaven TOL pevotod TP TV El60d0 TOL GTO
CUULEDTY]. £TO EMOUEVO TYTL0. anelkovileTan Evog ToAVOPOUIKOS GUUTEGTTG.

AlUKEVD = "Ep[iolo
BuApida ——\ I
Kartabiwyng [ ==
/ Oyxkocg
! P | Gakapov —

4 i
B.Avappoéeno. | | b T |

- A K

Zyqpa 1-13: HMalwvdpoptkog cupmesTic.

Awkpivovtar 1 BakPido avappdenong, amd v omoio T0 a€Plo EIGEPYETAL
otov KOAvSpo katd T drdpkewn g avoppdenong kot 1 PorPida xardbiyng and my
omoio eEépyeton to cvumecpévo mAéov aépro. Tlapatnpeital emiong 6T 10 £uPolro
umopet vo, kivnBel petald tTov onueiov A ko K, - mov ovopdloviar aviictoryo Gve
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Kegdhato 1: Eroayoni

Kol KGT® vekpo onueio — dnuiovpydvrag mavtote Eva Kevo mov ovoudletat S1dKevo.
2e aVTO TOPUUEVEL TAVTOTE U0 OPIOHEVT] TOCOTNTA TOV YUKTIKOV, TToV T0 £UPoro Sev
Katapépvel va wbnoel mpog ta £Em. O dykog Boidpov eival avtdg mov vroroyiletan
amd 10 ywopevo g dSrepéTpov tov Baddpov eni v andotacn AK.

O wgélpog dykog, SnAadn o dykog mov av TOAATAACIACTEL pe T cLXVOTTa
TEPLOTPOPNG TOV EPPOLOV KaL TNV TLKVOTNTA TOL YVkTIKOV B mpokvwyer 1 paliky
TOPOYT TOV YUKTIKOD, GOUPOVA LLE TT) OYECT):

1‘1{‘
m=vfpnms=-— 1-11

u
Omov U 0 €161KOG GYKOG TOV YLKTIKOD, dlo@épet amd Tov 6YKo Tov Bakdpov V. katd
éva. ovvieleot] n, mov ovophleTon oykopetpikn)  amoteleopotikomTo. Ioydel
IMAadN:

3
V=RV 1-12

voe

Kal avtioTouya:

ny.S 113
H
H oykopetpikn oamotelecpanikoétnio Aopfdver vmoéyn oy uoévo v
OYKOUETPIKY] ATMAE AOY® TNG EMAVEKTOVMGTG TOV TAYIOEVUEVOL HEGH GTO SLAKEVO
TOV ovumeot aepiov, ahhd kot OAeg TIG GAAeg amdAeles, cuumephapufavopévng g
dwppong aepiov kabdg xor Tng mTdong weong tov PoABidwv avappoenons kat
kataOliyng, péow tov eumepikd  mpoodiopwopevov cuvviereoty C,. ITo
OUYKEKPLUEVA 1GYDEL:

" 1in
nv=C,,-l+rl—[£‘~J ;
| { ) ||

omov C, 0 0YKOUETPIKOG GUVTEAEGTIG TG CVUTIESNG, I' 0 AOYOC TOL VEKPOV» GYKOL
TPOG TOV OYKO TOV BaAdUOV TOL GUUTIESTT, P;/ P, 0 AOYOG TNG TiEoNg AvapPOPNGNS
TPOG TNV Tieon KaTafAwyng KoL n 0 ToAVTPOTIKAG SEIKTIG TG CVUTIECTC.

m=ny fpnm=

1-14

1.4.3. ENAAAAKTEX OEPMOTHTAX

[IpoxerTar ovoLAGTIKA Y10t TO GLUTVKVMTH KOl TOV EEATUIOTI) GTOVE OTOIOUGg
npaypatomoleiton 1 petddoon Bepudtnrog petaEL TOV WUKTIKOD WEGOV KOl TOV
nepidirovrog. TIpémetl va TovioTtel 6TL T0 POAO TOL CUUTVKVOTH KAl ToV EQTUIOTH
TOV EVOAAAGGOVV TOGO 1) E0MTEPLKY], 660 Kot 1) EEMTEPIKT LOVASA TOV KAULATIGTIKOD,
avaloya pe T ovvOrkeg Aewtovpyiag g cvokevng. pe T Poribswe pwog PaAfidog
tecotpwv dievBivoewv mov pubpuilel my mopeio Tov YukTikov. ‘Etol, yua cuvinkeg
Béppavong 1 oopmdkveorn (VYnAn Beppokpacic YUKTIKOV) TPOYUOTOTOEITAL 6T0
YOpo mov mpokertan va. Bepuaviel, dniadn oty ecwtepik] povade. Avtifeta, Yo
ouvvBnkeg WoEng, oy ecoTepiKn povada AapPdaver ydpo 1 e&dton (xounin
Beppoxpacia youktikov). H Beppoppon n onola petapépetar amd 10 £va HECO OTO
aAido vroroyileton pe ) Paocikr eéicwon:

Q =TTAAT, 1-15
o6mov U o ovvieheotiig petddoong Oeppottog Tov evaAAdKT), A 1 em@dveln
evalhoyng tov kar ATy, n péon Aoyapiuikn Beppoxpaciaxy dwpopd. H egiocwon
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Kepdlaro 1: Ewvoayoyn

auT xpnoiponoeital 0tav eival yvootég Oieg ol Bepurokpacies e16680v kat e£680v
TV EVAAAAGOOUEVOV PEVUATMV.

Otav vmdpyer kamow Gyvootn Oeppokpacia n mponyodpevn e€icwon dev
evdelkvoton, apov amoteitar dwadikacia SoKIUNG KAl CQUAHOTOC. XNV TEPinT®on
avTn propet va ypnoiporondel EVOARAKTIKG 1 EVVOLL TNG AMOTEAECLATIKOTITUG € TOV
evoAraxTn mov opiletal wg 0 Adyog TG amOAVTNG TIUNG TG dpopds Beppokpaciog
£16080v ka1 £680V TOV PEVGTOV He TNV ELGyoTY BeppoypnTiky Tapoyh (MCy)mi,
npog TN upéyiot OSwpopd Oeppokpaciog TV pevetdv. H amnoteleopatikdtnto
£k@paletal cuVaPTHGEL TOV oplBpoD povadwv pLetapopds N, 6mov:

v 94 116
r.;.;.'l‘ }

21 ovykekpévn nepintwon n eicwon g Bepproppong €xel v eENG Lopon:
Q = mc,eAT 1-17

8
g
e

-

6mov m kot cp N paliky Topoyn kat 1 ewdikn OepprdTNTE TOV PEVGTOY AVTICTOLYO KoL
AT 1 péytotn Bepprokpuciaxn d10popd Twv d0V0 PeVUATY.

1.5. HEIIIAOI'H TOY £QXTOY YYKTIKOY MEXOY

270 OYEOOUO YUKTIKDOV CVUOTNHATOV VIEPYEL TOKIAMA and YOKTIKE péca (pevotd
Aertovpylag) petald twv omoilwv yivetan emhoyn. Ta kuprotepa woukTikd péoa givat:

= XhopopBopavbpakeg (CFC).

« Appovia.

« YopoyovavOpakeg (mpomdvio, aibdvio, atbuiévio K.a.).

«  Aw€eidio Tov avBpaxa.

«  Aépac (GTOV KALOTIOUO TV AEPOCKAPDV).

« Nepd (Yo epappoyéc névo and 1o onpeio mEng).

H cwotr enthoyn 1oV 1oV YukTikoy eEapTdtal and Ty AEPInTmoT 6TV 0noin
Ba ypnowomomBel. And T WYukTiKG péca, ot yAwpopbopavOpakeg (R-11, R-12, R-
22, R-134a, R-502) xaAvntovy tdve and 1o 90% e ayopds otig H.ILA.

Xta 1850 o abviwog abépog NTay 10 TPAOTO WUKTIKO HECO OTH CLOTLOTO
TUPAY®YNG WOENG HE CULUMIESN GTHOD TOL YPNOLLOTOMONKE OTO EUTOPLO. XN
oULVEYEWD, Gpyloe 1 xpnon Tov do&ediov Tov dvBpaka, tou pebvioyhwpidiov, Tov
dwediov tov Belov, tov Povtaviov, Tov wbaviov, tOV Wpomaviov, TOL
1oofovtaviov, Tov aepelaiov (gasoline) kat Twv yAwpopbopavOpdkwy.

Ot mo mohhol topeic g Propnpaviag kot g Popag Propnyaviog
eEakoAovBolV, akOUN Kol OTIS HEPEG MOC, VO KUAVTITOUV TIS GVAYKEG TOUG UE 1)
¥pnomn appoviag, Taporo mov eival tofikn. Ta mhgovextnpata e appwviag Evavt
TOV GAAQV YUKTIKOV efvat:

»  Xaunio kéotoc.

«  Yynkdtepor ouvvieheotég Aertovpylog (Kot OUVERADS YOUNAOTEPO EVEPYELOKO
KOGTOG).

» Evvoixdtepeg Beppoduvapikég 1810reg.
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Kepdahato 1: Ewoayoyn

« 1810mTEC pETAPOPAC MOV GCULVEMAYOVTOL LYNAOTEPOUG OLVIEAESTEG Oeppiknig
UETAQOPAG (amaiTovvTal HiKpOTEPOL Kat pONvAOTEPOL EVaAAdKTES BepudTNTaC).

»  Meyadvtepn dvvatomta aviyvevong mbavav dtappomv.

« Aev empedler to otpdpa Tov 6Lovioc.

To xipro perovékmua ¢ appeviag eivat n 10€ikOmTa mC, Tov TV Kabiotd
akat@AANAn Y owkiokt] ypnon. Xpnowonoteitat mo mwOAY otV Yin tpooinwv,
OmmC  @pEéoka  @POVTA, AoYavika, kpéata, wapw, omv WYodn mOTOV Kol
YOLOKTOKOUIKAV, OTw¢ umipa, Kpaoi, yéha kot topi. Emiong, ypnowponoieitar oty
Yién TayOTOV Kol GAA@V Tpoodv, oIV Tapaywyn nayov yogng tov frounyavikov
oapudkov oe yaunin Beppoxpacia kar o NS GAAwv diepyacidv.

Eivan a&ioonpeioto 011 Ta YUKTIKG 70V YPNCLUOTOI00VIAY OTOVG OIKIOKOUS
TOMEIC KOl OTOVC TOUEIC TOV gAa@poy eumopiov (6mwe 1o drofeidio tov Beiov, 10
abvioyhopidio kot o pebvroyrwpidio) Mrav vyning tofikdmrac. H extetapévn
dnuocotra katd 1 dexaetia Tov 20 pepikdv TEpITOOEWV cofapdv dappodv,
OV TPOKGAECAV OPP@OCTIEC Kal Bavdtovg, EE0NK®OE TN AdiKY) KATAKPALYT Yia TNV
amayOPELGT] 1) TOV TEPIOPIGUO TG XPTIONS AVTAOV TOV YUKTIKAV, dNHovpydvTas Ty
avaykn yia v avantuln ac@aiovg YUKTIKOD yia oKk X1 o).

Imv mopakinon ¢ etawpiag Frigidaire Corporation, 12 gpgovnuika
gpyaomipra e General Motors avéntogav 1o 1928 péca oe tpeig pépeg 10 R-21, 10
TPOTO WEAOG TNG OIKOYEVEINS TV YUKTIKOV TV yAwpopbopavbpakwv. Amd Toug
dapopovg yrwpopBopavBpaxes mov avartdybnkav, 1 epevVNTIKY) opdda Katéinte
o1t 10 R-12 ftav 10 kaToAANAGTEPO WUKTIKO Yl00 EUTOPIKT] %PT|OT) Kl E8WOE GTNV
owoyévelr avt) TV YAopopBopavipdkwv v eupmopikr) ovopocia "Freon". H
gumopikn) mapaywy tov R-11 xar R-12 dapyioe 10 1931 and pia etapia mov
dnovpyndnke amd koo and tig General Motors kot E.I. du Pont de Nemours and
Co., Inc. H molvpopeia katr 10 yopnid k60t10¢ TV YAwpopbopavBplikwv Ta
petétpeyav o€ yuktka  Paocwknig  emhoyns. Ov yAwpogBopdavBpakeg
PNOWoTOmONKay ETIONG KAl O EVIOUOKTOVA, a@P®ON HOVOTIKE, 0T Propmyavia
NAEKTPOVIKOV ¢ draAdpata yo tov kabaplopd tev pikpokvkiAopdtav (chips) tov
VTLOAOYIGTMV.

To R-11 opywxé Ppixe eooppoyn kvpiwg oe WYOKTEG VEPOD HEYAANG
YOPNTIKOTNTOG Yot TNV €EVANPETNON KALATIOTIKOV cuotnpdTev kTipiov. To R-12
YPNOILOTOIELTOL OE OIKIAKOVG WUKTEG Kol KATaWOKTEG Kaddg Kal 6ToV KAILATIoNO
avtokwvi)twv. To R-22 ypnowomoieital o€ KAMUOTIOTIKG @€POG, OE  GVTAIES
OepproTTaG, 08 KALOTIOTIKA EPTOPIKOV KTipiwv Kat o peydio Blopnyavikd WyukTikd
cLOTANOTA, e amoTélecua va cuvayoviletar oe peydho Pabud myv appwvia. To R-
502 (piypo amd R-115 kar R-22) givan 10 Kupiapyo YukTIKO OV YPNOCIHLOTOIEITUL GE
EUTOPIKG cvoThHata YOEng, OMOC CUTE TOV VTEPAYOPDV, EMEWDY) EMTPEMEL TN
rertovpyia Tov eatpiotipov ot yapniéc Oeppokpacis, AEITOVPYOVIAG GE CUUTIEOT
evog Prjpatoc.

H xpion tov 6lovtoc mpokdieoe peydin avatapayr ot Pounyavia yuysiov
Kol KMUATIOTIKGOV kot ©Bnoe oe mo Aemtopepr) emavelTaon TV WYUKTIKOV TOL
ypnowonoovvtay. Xia péca g dekaetiag tov '70 £ywve avoAnmid 6Tt o1
Aopo@bopavipakeg emTpémovy TN SEAEVOT HEYRADTEPOL TOCOCTOV URMEPLDAIOUG
aktivoforiag omv atpdoeaipa ™G YNG, Evd Oev emrpémouv TNV vmépubpn
axtivoPolia va Sa@iyel amd 11 Y1), CUVEICPEPOVTAC GTO QAIVOUEVO TOV Beppokmmiov
mov mpokadel v avénon ¢ Bepuokpaciag tov mAavim. To anotéieoua Nav va
apyicel 1 anayopevon opiopévav eV yAwpopbopavipakwv kail 1 aropdkpuver
10U¢ and 10 epmdpro ot apketéc ydpes. H peyarvrepn Inuid o1o otpdpa tov 6{ovrog
npokalieitar and Tovg mANpac ahoyovopévous yrmpoebopavbpakeg (R-11, R-12 ka
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Kegpalaio 1: Ewoayomi

R-115). Ta yoktkd mov Oev eivar teleig aloyovopéva, 6mwg 10 R-22, éyovv
nepimov 10 5% ¢ tkavoTTag KaTaoTpoPns tov 6Loviog og cvykpion pe 170 R-12.
210 otddo g avantuEng Ppiokovial yropoeBopdvOpakeg @hikol pe to 6Lov, Tov
TPOOTATEVEL T YN antd smPrafeic vrepudderg axtvoPforicg. O yhwpopBopdvOpakeg
avtoi &¢ Ba ovvelopépouvv oTO0 Pavopevo Tov Oeppoxknmiov. To R-134a mov
avantoynke mpodopate Kal Oev MEPLEYEL YADPLO, CVOUEVETAL VO OVTIKATAOTNOEL TO
Tahatotepo Tov R-12.

AVO ONUOVTIKEG TAPANETPOL OV TTPEMEL VoL AapPdvovTal vdyn oV emoyn
TOL YUKTIKOV givar ov Beppokpaciec tov dvo pécwv (tov mepifdiiovioc kol tov
YOPOL TOV YOYETOL) LLE TA OTOIR TO YUKTIKO aviaihdacoel Oeppomra. [N va vdpyet
peTapopd Beppomtag pe onpoaviikd pubpd, mpénel va dwatnpeitoan Heppokpoaciakn
Sapopd ™ téEng Tov 5-10°C petafd tov WukTiKoD Kol TOv PECOL HE TO Omoio
yivetar 1 evaddayn Bepuodmtag. INa mopddetypa, av 0 YoxOUEVOS XOPOG TPETEL Vol
dratnpeitar otoug -10°C, 1 Beppoxpacia tov YokTiKOy TpémeEL va. eival mepimov
-20°C, xaBdg amoppoed Oeppdmia otov elatpiotipa. Te évav kOKAO WOHENC, 1
yaunAoTepT) wieon avantioostar otov eEatotpa. H wieon avt Ba mpénel va sivan
UEYAAVTEPT) TG OTUOCQUIPIKYS, (ote vo amopevybel eopon aépa 610 WUKTIKO
oVOTNUC. ZUVETDE, TO YUKTIKO TPEMEL VO £XEL TLEGT] KOPEGHOV ‘0N N HEYAAVTEPT] TN
1 atm otovg -20°C. H appevia kat to R-134a eivat §Ho tét01e¢ ovoies.

H Beppokpacio kol katd cuvénela Kot 1 TEGT] TOV YUKTIKOD TNV TAELPE TOV
oUUTLKVOTH, eEapT@vtar omd To HECO 010 omolo yivetal 1 amdppuyT TN Bepudtmrac.
Av 10 YuKTIKO WYoyetar amd vypd vepd kai Oyl amd aépa, TOTE OTO CUUTLKVOTY
pmopovv  va  duwnpnBodv  xouniotepec  Bepuokpacieg, dnAadn  vynAdTEPOL
ovvtereotéc COP. H yprion tov vepov O dikatoloyeital owkovopikd, ailé Bpiokel
£QaPUOYN o€ peydhra Bropunyavika yoktikd cvotiuata. H Beppokpacio Tov yoktikon
0TO CLUTLKVAOTN 0 umopsl va méael Kat® and ) Oeppokpacia Tov vepol 1 TOL wépa
7ov 10 Yoyet (mepimov 20°C yia owakd yoyeia). H mtieon kopeopod Tov YukTikoD oe
avt T Beppokpacia Tpémet va efvar apketd yapnhotepn g Kpiowng Teomng o, av
gmdubketol 1 depyocia amdppuyng BeproTnTag va Tpooeyyioel Ty 16obepurn. Av
KAVEVA OTTAS WYOKTIKO de pUmopel va IKAVOTOMoEL Tig BEPLOKPUCIAKES ATULTI|OELS, TOTE
givar duvato va ypnoomomBovv dVo 1 Mo TOALOL YukTKol KUKAOL HE SLPOPETIKE
YUKTIKG péca og oelpd. ‘Eva 161010 YoukTikd cvotnpa ovoudletal cvotpa oTadlaKng
Yoene.

Mepikd axdpn embountd yapaktmploTikd €vog YukTikov pécov eival ta
akoriovba:
= Nao pnv gival To€iko.

«  Na eivar avtidofpwtiko.

«  Na pnv elvan 0QAEKTO.

« Nao eivon ympikd otabepo.

«  Na éyervynhn evBaimia sEatpiong, Oote va eAayiotonoleitat 1) mapoyn pales.
«  Na éxel yapunio kdéotoc.

Xmv mepintoon tov avikov Beppdmrag, 1 ehdyom Beppokpacio (xar
nigon) yw 0 YukTikOd péco pmopel va elvar onuavtikd vynidtepn, €@ocov M
Bepudmra agarpeital and péca mov Ppickovial o Beppokpacies apketd vYNAOTEPES
a0 EKEIVEG TV CLOTNUATOV YOENG.

1.6. KAIMATIZMOZX KAI ANOPQIIINH ANEXH (EYEZIA)

#
Ou dvBpomor wapovoidlovy TV EQEULTN TACT VO OTALTOVV GVETEG OULVONKEG
SaBioong. @éhovv va Lovv oe mepifdiiovia mov dev eivar ovte Mol {eotd ovte
TOAD kpva, 00TE TOAD ENpd ovTe TOAD VYPE. H dveon avtn dev emtvyydvetar dxoha,
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Kegpdhato 1: Ewcayomy

emedn ou embupieg Tov AVBpdTIVOL GONOTOG GLVNBWMS Elval BLPOPETIKEG ATO TIG
Khpotoroyikég ovvOnkec. H emitevén dvetwv ocuvinkodv dwPioong amattei pio
oTafEPn EVOVTIOOT OTOVG TOPAYOVIEG TOV TNV TEPLOPILovy, OTWE TIC LVYNAES 1
YopunAég Beppokpaocieg kol v vynmAn 1 xounin vypacic. H mpoomdbeia v
Beltiowon twv cvvinkdv doPiwong eivar kabnkov Tov UNYavVIKoD.

Ot avBpomor and vopic cuveldnronoinoay 611 1 ahhayn TOV KALATOAOYIKGOV
ocuvinkav oe évav tomo elvar advvarn. To kaAdTepo mov pmopodoav vo TETVYOLV
nrav va petafariiovv 1o KAipe péca oe €va KAEIGTO YMPO, OTMG €va. OTiTL 1] éva
EPYOCTACL0. LT0 TAPEABOV GVTO EMTVYYAVOTAV UEPIKADS LE YPTOT QWTLES KOl OTADY
CUCTNHATOV £0OTEPIKNG O€puavone. LTic pépeg UG, TO GUYYPOVE KAUOTIGTIKG
cvotnuata €xovv T duvatdmmra va Beppdvouv, va yogovv, va vypdvouvv, va
apuypavovy, va kabapilovv, akdun kot va gvoddlovv tov épa. Ikavomoiovv,
dnhadr), kabe avBpdmivn embupia. Eneldn) 1o kKApatiotikd cvotpate oxedidlovra
Y0t TNV IKOVOTOINoMN TV avVoyK®OV TOL avOpOmTIVOL COUATOS, eival arapoitntn 1
KaTavonon Tov 0epLoduVAKOY TOVG YAPUKTIPLETIKOV.

To avBpdmvo chpa propet va Bewpnbel ca o Beppikt| punyovi], mTov et o¢
evépyewr €100dov v TpoRt). Omwg kot o1ic vmodhowmes Oeppukés pnyavés, 1o
avOpomvo chpo mopiyel mepicoew Oeppdnra, mov mpémer va amoppupbel 510
nepidilov, dote va cvuveyioel va Aertovpyel. O pvBuog mapaywyfg Beppodtnrog
eEaptatar and 1o Pabuo twv dpacmmprotitev tov atdpov. [Na éva péco evihixka
avopa, o pubuog avTog eivarl mepimov icog pe 87 W dtav kowdrto, pe 115 W otav
Eexovpdletar 1 exterel kabiotikn epyasia, pe 230 W dtav mailer bowling kot pe
nepinov 440 W dtav exterel Papid copatikn epyacia. O avtictoryor puuoi yua o
eviiAikm yuvaika givar katé mepimov 15% yapniotepor. H Swpopd opeiletan o10
péyebog (nala) tov ompatog kar Oyt ot OBeppokpacia tov. H egowrtepkn
Beppokpacia evog vYOUC atdpov drampeitatl otadepn nepinov otovg 37°C. To cmpa
vidBer dveta oto mepifdilov exeivo, dmov pmopel va amoppinter dveta avT T
Yopévn Oeppdma.

H petagpopd Beppdmag eivar avahoyn g dapopdc Oeprokpaciag. Zuvendg,
oe éva Yuypd mepiPdilov To ohpa yavel tepiocotepn OeppdmTa Ao ALTH OV
TOPAYEL QUGLOAOYIKG, e amotéhecpa vo vimbel dvodpeota. To obua emdubkel va
EAQYICTOTOOEL TNV EAAEWYT TNG EVEPYELWNG LELDVOVTAG TNV KLKAOQOPIH TOV GipoTog
Kovtd omv emdepuida (mov mpokakel TV @y TG O6YMN). AvTd peldveL 1M
Beppokpacio Tov §éppratog, oL Y éva péco Gropo eivar mepinov 34°C kat cuvendg
HEWOVEL Kal T0 puBpd petagopdg Beppdtrac. H yapnir Beppokpacia tov déppatog
npokahel dvcapéokeia. Ta yépia movave amd to KpvO OTav 7 Beppoxpocia TOv
dépuatog méoet kovid otovg 10°C. O andreleg BepudTTog 0 T0 GO PHTOPOVY VoL
Hetwbovv gite Tomobetdvtag epmodia otn pon g Bepudtnrag (kovPépteg kot yovipd
povya) eite avidvovrag pe e£doknon to puiud mapaywyng BEpUOTNTAS TOV COUATOC,
INa mapdaderypa, to eninedo dveong evog atdpov mov ekovpdletal vivpévo pe Leotn
yewepv evdvpacia oe dopdtio Beprokpaciac 10°C eivar mepinov o 810 pe 10
emimedo (veong £vOg TOVOHOLOTUTIOV GTOUOV, OV EKTEAEL HEon gpyacia o6& SWUATIO
Beppokpasiag mepimov -23°C. Tuyvé, ot GvOpeTOL TOTOBETOVY e YEPLH TOVS UVEHEG
ota oS Tovg, pe okomd 1 pelwon g emdvewg evaikayng Beppdtnrag Tov
OMOIATOS TOVG UE TO TEPLPAALOV.

Zta Oeppd kiipata, To TPOPANLO AVTICTPEPETAL KOl QAIVETUL OTL TO CMUN eV
gkhvel apkeTi Beppomta 6to MEPIBGALOV, LE OMOTEAECHM TO GTOHO VO £XEL TNV
aicBnon® 61t mpdkettar v "okdoel". Ov GvBpwmol vidvovial erappoOTEPC Yo VL
SlevkoAbvouy TV amdppymn TG TMEPICOENG OEPUOTNTAG TOV CAOUATOG TOVG Kol
pELdVOLY TIG SpaoTnploTNTEG TOVG, ME GTOYO TN MEI®oN Tou pPLBROL TaPAYWOYNS
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Kepalato 1: Ewsaywy

Oeppomrag. Emiong, Bétovv ce Aetovpylo Tov avepotipo pe GKOTO TN GuLveyn
aVTIKaTAoTOoT TOV BEprol GTPMOUATOS AEPC OV OMNLLOVPYEITAL YOPW OO TO GO
Toug, e€attiag g OeppoTNTUG OV CVTO TEPEYEL, 0d TOV YUXPOTEPO 0EPT TV GAA®Y
neploy@v tov dwpatiov. Katd tn Sdpkelo evog apyod mePWETov N KOTE TNV
Emekecn HiaG EAOPPIAS EPYOTING, TEPITOV TO GO TG BepproTTag OV amoppimTETaL
omd TO chpo exkhvetanr Sapécov g EQIdp@ONG He TN HOPON Jov@dvovoac
Gepudtnrag (latent heat)s EV@® TO GALO HIGO EKADETOL LLE CUVAYMYN KAl AKTIVOBOALD e
™ HOPON uohytiic Gepuotnrac (sensible heat)- Katd v &ekovpaon 7 o6tav
ektereiton kabiotikn epyacica, to peyolvtepo pépog g Beppomtag (tepimov 70%)
eKAVETOL [E TN HOPET] cvvaymyng kot aktivoBolriag (acbnty| Beppdmra), evd dtov
npaypatonoieitan Bapid copatiky epyacic, to peyakvtepo péPOg g Oepudtrag
(mepimov 60%) exhdeton pe popen ravBdvovoag Oeppotmrtog. To cdpa vrofondd
Wphvovtog meprocdtepo. Kabhg avtdg o 16phtag e&atpiletar, amnoppoed
AavBavovoo Beppotnta omd to chpo Wyoxovtdg to. Qotoco. 1 epidpwon de Ponbd
OPKETA OTNV TEPIMTMON TOV 1] GYETIKY VYpacia tov eptfdirovtog eivol kovrd oto
100%. H mapatetapévn epidpmon xopilg  AMyn pevctd@v poeNUAT®V TPOKOAEL
0QLOATOOT Kal UEIMPEVT] e@idpwon, mov umopel va odnynoer oe avénon g
Bepurokpaciog Tov oopTog Kot Bepponinia.

AXLOG EVOC OTUAVTIKOG TP YOVTUS TOL EMdpd oty avBpodmivn svekia sivar
N petapopd OepuodTTeg e oKTWOPoAla avipecw ©To COUO KUl GTIS SGPOPEC
EMOAVEIES, OMWG To. TapdBupa kot or toiyol. Ot aktiveg tov HAov tadevovv
dpéoov tov Swotnpatog pe aktivoforia. Evag dvBpomog purpootd ot owtid Bu
Ceotobel axdun kot av 0 aépog HeTaEd TOV COUATOG KUl TNG POTIAG EIVOL OPKETH
kpvoc. Ilapopoing, o éva Beppd Smpdtio Bo KPLMOVEL OV Ol EMPAVEIEG TV TOiY®V 1
mg opong Bpiokovtal oe apketd yapniotepes Beppokpaciec. Avtd opeiletol oy
Gueon petagopa OeppotnTog pe axtvoPoric petaéd TOU COMUATOC KOl TOV
emeoveldv mov to mepidilovy. O Beppdotpeg axtivofoliag ypnolpomolodval
ocLyvd ce YMPoOVS oL gival dVvokoAo va BeppavBovv, Onw¢ eivol Ta cuvepyeio
OUTOKIVI TV,

H dveomn tov avBpomvov cdpotog eCapTatal Kuplng amd TPES TOOPAYOVTES:

1. Tn Bepprokpacio Enpov Borfov.
2. Tn oyxetwn vypooic.
3. Tnv xivnon tov aépa.

H 6eppoxpacio tov mepipdriiovrog amotehel Tov mo amid Kol onpovtikd deiktn g
aveonc. Ov 7epocdtepor  GvBpomor  awoBdvovior  Gvete  oe  Oeppokpaoieg
nepBédroviog petafy 22 xar 27°C. H oxetikn vypacio éxet emione omuoaviiky
emidpacn omv dveon, agov emnpedalel 0 mocd g OepudtnTag mov pmopel va
amoppiyel 10 ohpa pe m Pfonbea g e€dtpiong. H oyetik vypaocia eivar éva pétpo
™mG KAVOTNTOG TOL 0épa Vo amoppo@noel emmiéov vypacic. H vynkn oyxetikn
vypaoia emPpadovel my andppryn Bepuotntag pe eEATHION, EVD 1) YOUUNAT CYETIKY
vypacia v emrayvvel. Ol TePOCOTEPOL GVOPOTOL TPOTIHOVV CYETIKN VYPUCin
petagd tov 40% xat tov 60%.

H «xivnon tov aépa mailer emiong onuoavtikd péro otnv avOpdmvn AGveon.
Aoaipel 0 Beppd Kot Tov vYpO AEPE TOV CVOCWMPEVETAL YOPW RO TO CONE KOl TOV
avTIKaBIoTa pe PPEcKo. TVVER®MG, 1 Kivnon tov aépa BEATIOVEL TV amdppLyn TS
BeppomTog 060 pe cuvayoyn 6co ko pe egdtpion. H kivnon tov aépa mpénet va
gival TGoo wyvpn, dote va agaipel T BeppomTa Kot My vypacia amd v TEPLOY
100 ompfatog, oAAG Kkt Oopketd fmo, Gote vo mapapével omapatipnm. Ot
TePocOTEPOL AvOpmTOL alcBivovVTaL AVETH OF TUVTNTES aépa YOP® oTa 15 m/min.Ot
TOAD VYNAES TaOTNTEG £XOVV APVNTIKEG EMATOGCELG Kol TPOKAAOVY dvcapéoketa. [a
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Kegdaiaio 1: Ewcaymyn

mapéderypa, éva mepiBdrlov Bepuokpaciag 10°C pe avépovg taydtnrag 48 Km/h,
powéler 1o id10 kpvo pe £va mepiBdidlov Beppokpasiog -7°C kot pe avELOLE TaydTTOC
3 Km/h e€autiag tne emidpaong tng kivnong tov aépa otv yo&n 1ov chpatog. Ahior
ToPAyYoOVIEG MOV EMNPEGLOVY TIG GLVBNKEG GvesTg ToV avBpdmov eival 1 KabapdTnTa
OV agpa, ot OGLES, oL Mot Kot n axtvofoiia.
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Kepdahato 2: ESatuiotiipeg KAl COUTUKVOTEG CUGTNHATOV KApaTiopon

KEDAAAIO 2

EEATMIXTHPEX KAI ZYMIIYKNQTEX I'TA
YYELTHMATA YYEHX KAI KAIMATIZMOY'

2.1. EIXAI'QrH

2.1.1. YIIOBA®PO

Kabe cvommpo yiéng kot khpatiopod mov Paociletar oe kKo cvumicong
atpoV mephapPaver évav efatiomipe Kol éve cLUTLKVOTYH. Akolovlei éva
OYNHOTIKO O1dypoppo TUTIKOD KOKAOVL GUUTiEST) ATUOD, oL Jeiyvel AVTOVG TOUG
evaAAdkteg Oepuotntog oe oxféon He GAAe kOplo e€apTiuota, OMWG 1 CLOKELN
gktovaoong (PaAPida eKTOVAOOTG) KOl O GUUTEGTHC.

Comprassor zx{][l.(l 2-1:
\/ Expansian _‘ Tovmké cvotnpa
gl e ~ yiEng.

i
eyaparaior

O Bepuoduvvapukés depyacieg Kol KOTAOTACES Yt TO PELOTO WEGO (L.
WUKTIKG) KoTd TN ddpkew evOog kUKAoL ocvumieong oTudv amewoviloviolr 61o
daypappa mtieong — evBaimiog (p-h), mov axolovBei.

270 Sudypappa avtd ameikoviCovron Kot 0 1avikog KOKAOG Kal O TPAyHOTIKOG
KoKhog. O mpaypatikdg kokAog mepthapfaver un Wovikég depyaoieg, Onmg TTOGELS
nieong otov e€aTIoTpa Kol T0 CLUTVKVLTY]. Emiong, onueidvovtor kot yio Toug §0o
KUKAOUG Ol OgpuoduVOpIKES KOTOOTACES OTIC €10000VC Kol TG €£000VG TwV
evorlhoktov Ogppdmrac. o mopdderypa, otov eEaTUIOTAPA EIGEPYETUL KOPEGUEVO
uiypo (onpeio 4 ko 47), evd eEépyetan eite kopeouévog atuog (onueio 17) eite
vrépBeppog atpog (onueio la). Amd v GAhn TAgvpd, GTO CLUTVKVAOTY ELGEPYETOL
vrépBeprog atiog (onueio 27 kot 2a), evod e&épyetal glte kopeapévo vypd (onueio 3°)
gite vwdyoukto VYPS (onueio 3). AAAN pio oNUAVTIKY TOPATAPTOT TOL HTOPEL Vo
yivel, mopatnpovtag T0 Sidypaua, ival 0Tl 0 CUUTVKVOTHG AELTOVPYEL G LYNAEG
méoelg ko Oeppokpaociec, evd o eEatpotipag Agttovpyel oe youunAég MECE Kot
Beppokpooicg. Ov emmpdobeteg nrdoelg mieong mov AapPdavovy ydpa oty gicodo

'Kakac, Boilers, Evaporators and Condensers, pp 635-687, Wiley, 1991. Zuyypuoéag kepokaiov: M. B,
Pate (Dep. of Mechanical Engineering, Iowa State University, Ames, Iowa 50011).
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Kepdhaio 2: EEaTpIoTIIpES KA1 CUUTUKVWTES GUGTIHATOV KAPATIGHOD

(onpeto la-1B-1) ko v €£0do (2-2¢) TOL GULUMESTY Eivol AMOTELECUO TNG
Aertovpyiag TV BaAPidov katddiwng kot avappoenong TOL CUUTIESTY.

—

o e
i /".:C!"l\'!"-l’i'.fél_‘.:i')rl \ A°
. . /"] Condamsation .\ 72 23
/.
Zypa 2-2: :
Awdypappa nicong 5 / 18
— evOadmiag (p-h) 4 /g 1
Y10 KOKAO & / il
cvpmicons aTpdv. / g

——— Igtaat Cycle
—— Actual Cycle

Emhalpy

EZaAlov, oto Sidypappd Qoiverol 6Tl VIAPYEL TTMOON TEGNG TOV WYUKTIKOD,
kaBhg avtd péel drpéoov Tov eEATIIOTIPA KOl TOV CUUTVKVOTH. AVTH 1 TThon
migong otov eCatpioTpa efval avemBounTn Y 1 AEITOLPYIC TOV GLGTHWOTOC
WOENG, ene1dn 600 perdvetar 1) mieon ££600v 06 Tov eEATUIOTIPA, TOGO TEPIGCOTEPO
avEdvetal 0 amattovpevo Epyo €100dov amd 1o cuvumeot). [ 10 Adyo ovtd, o
ovviekeotiig anddoong COP tov cvotipatog peidveral. e o cvpmukvot, 1)
ntoon mieong £xel emiong avemBOunTo omOTEAECHN, MOV UmOpel KaAUTEPR vV
KatavonBel pe dpovg Beppokpaciag kopeouoy. Enedn n xatdotacn tov YukTikod
OTO HEYUAVTEPO UEPOG TOV CUUTUKVMTY EIVOL KATACTOOT) KOPEGHOD, 1 TEoT KOl 1
Oepurokpaocic eivon eEopmuéva peyén, mov onpaiver 611 1) Bgppoxpacic Tov
YUKTIKOU emiomng petdvetal. )¢ amotéheoa, 1) BEPULOKPACIHKT] 010QOPE UVALESH GTO
WUKTIKO KOl TO YOYoV peuoto (afpag 1 vepd 1 KGO GAAO) HEIDVETOL, |E CUVETELL
va  peubvetar 1 petddoon Oepudtnrog oto  ovpmukvet). H o embopic  va
ghaylotonomBel  wTdon mWECNE GTO CLUTVKVETY kot Tov eEatotipa (Yoo Toug
MOPATAVE AOYOUG) €Yel MEYGAN onupacio Yy éva GYESOT] MOV MEAETA TNV
EYKOTAOTACT] LVENUEVOV COANVAOCE®Y OTOV YOKT.

2.1.2. TYHNIKH XYMIIEPI®OPA EEATMIXZTHPA

To yukTikd mov péet péoa otov eEatTHioTpa amoppoPd evépyetn (BeppudTnTa)
KaBdhg yoyer Eva pevotd (cuvnbog vepd 1N aépa). AVTO TO QUIVOUEVO ATOTEAEL TO
AOY0 VmapEng Tov cuoTHuaTog WOENG OTIC MO TOAAEG EQUPUOYES. AEmTOUEPELEC Yia
T ovumEPLeopd Tov efatioTipa pmopovv v Anebovdv avalvovrtag deiyupato
Oeprokpaclak®v TPoeik, wg ouvaptnon g Héong Léca otov eEQTOTI PO, TOGO Vi
ocLVOTKES avTIppotlg 000 Kot Y ocuvlrkeg opoppong. Avo Tétown dSiaypdupota
ametkovilovIal 6TO ETOUEVO GYTLL.

O1 ovvietayuéveg ota Swypappate avtd Oev eivar okpifeic, dkd
CUVTETAYREVT andoTaong oo gicodo kai £50d0, enedn e€apTdvial oo TOV THTO TOV
evadhdkn Bepudrag kot ) Sidtaln Tov KUKAMUATOG COANVOoewY. Avapépnke
Kot Tpoyoupévmg 1) eEGptnon mieong kot Bepuokpaciag o1 Swpacikn mepoyn (péoa
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Kepdahato 2: E€atpiotiipeg KOl GUPTUKVOITEG CUOTTRHETAOY KANATIGNOD

TNV KOUTOAN KOPECHOV) KOl TNV EPLOYN Kopeopov. To WukTikd Tov e10€pyeTL
otov eEaTpompo BPIoKETAL GE KATAOTOOT KOPESHOV, CLVIOWE HE TOLOTNTO YOPW
oto 10%. H vypn @daon tov yuktikod apyilerl va egatpiletar, kabhg péel péoa otov
eEatpiotipa, avgavoviog £ToL TNV TOWOTNTO TOL HIYHOTOG. X€ LEPIKOVS TOTOUG
gEatpioTpayv (.. eEQTHIOTPEG TANUUIPIONG), TO YUKTIKO EEEPYETOL OC KOPEGUEVOC
atnog pe mowvmto 100%. Ze dAhovg Tomovg (.). eEATHIOTPES AUESTG EKTOVAOOTC),
10 YUKTIKO vrepbeppaivetar mpwv e&€dBer. H vmepbéppavon oynpatikd Swkpiverat
g amdtoun avénon g Beppokpaciog kovid oty €£odo. H vmepBépuavon tov
OTHOV QTOTPEMEL TNV E1GPOT] VYPOV YUKTIKOV G610 cvumiesty), efaopaiiloviag ty
ao@oi T0V Aertovpyia, KaO®OG KAl TO HEYIGTO YUKTIKO OMOTEAECHLA.

Zympo 2-3: Tomka Beppoxkpaciakd

- npoik saTpioTiipao.
J_,.-r""
Kot

—

'

ot dvo dwtdalelg porg,
N ;4:{": o o QVTIPPON Kl OLOPPOT], YPTOLLOTOI0VVTHL
3 o oto oyedopd  elatpompav.  Ta
3 . Superheatnd TAEOVEKTNHOTO. TG  OVTPPONG,  TO
& [FYaparating ROgeRD }/ OYETIKG WUE TNV amOd0om TOV EVAAAAKT
B Beppotnrag, avaivovior oe TOAVAPIOp
keipeva. Qotdéco, 10 Yeyovdg OTL M
Oeppokpacic  tov  YukTIKOD  TEQTEL,
el Postion Fat mopdho mov Tov MPoodidetar Bepurotnia,
tal Counterfiow Arrangameant ONHaivel OTL 1] OUOPPOT) EYEL OPLOUEVA
TAEOVEKTTLLOTO. ZTNV TPOYLATIKOTNTA, 1|
emitevEén  plog oyemkd  otaBeprg
Oeppokpaciokrg Spopds avapeso oTa
S~ Fliid Being Cooled 800 pevotd pmopel, o pepikég
pn e TEPWITMOCELS, VA TPOyHatomonfel mo
T EUKOADL L€ OLOPPOT] MOPE HE OVTLPPOT).
_ e Ta mpopik tov dwypdppatog eivar povo
| Evaporating feingeramt '\ amhd mapadeiypata. Na to Adyo avtd, o
N = A oxedwotiic mpémel €lte vo  exteAéoEL
AEMTOUEPELS  VTOAOYIOHOVS  Eite  va
TPOCAUPUOCTEL om Bropnyavikn
TPUKTIKY, OTay EMAEYEL SLdTagn ponc.

infet Fasition Exit

(] Parallol-Flow Arrangermeant

2.1.3. TYHIKH ZYMIIEPI®OPA LYMIITYKNQTH

O cLUTLKVOTNG YPTCLULOTOLEITAL Y10 VO AOPPITTEL TO EPYO TOL CUUMIECTY] KOl
™ Beppdtnra mov amoppoeifnke amd tov efatpiot. [Na va amopprpbei avty n
BeppdmTa, 1 Beppokpacic. TOL YULKTIKOV OTO CUUTVKVOTY] TPEMEL VA Eivol
peyaAvTepn and t Oeppokpacia Tov pevotov mov Ba dexbei ™ BeppdtnTa avtm. To
pevotd auTd eivon cvvnbog vepd M aépac. Onwg kal otov eiaTioTipa, TAPOHOL
Beppokpaciakd mPo@ih pmopovV va ypNoHoTomBovy Yo VoL GTEKOVICOUV TN
OLUTEPLEOPE EVOS TUTKOD GUUTVKVOTY.

Onwc @oivetal 610 OYAUC, TO WUKTIKO EIGEPYETOL OTO CLUTVKVOTY OF
KATOOTOOT VREPHEPHOL OTHOD KOl O TOAAEG MEPIMTAOOCEL;, OTg idleg mepimov
ouvOnkec pe Tig omoieg eEépyetor amd To cvpmeot. Avtd efuprdtar omd

31

Institutional Repository - Library & Information Centre - University of Thessaly
23/04/2024 21:53:10 EEST - 3.14.13.79



Kegalawo 2: EEatpuiomi)peg KUl SUPTUKVOTEG SUSTIHUATOY KAMPATIGHOD

UETAPOPE OePUOTNTOG KOl TNV TTMOT TECTS, OV AUUBdvouy xdpa 6Ty COANVACELS
mov ovvdiouv TIC 000 OLOKEVLEG. Xe LIKpY omdotaon amd v eicodo Tov
CLUTLKVOTY], TO WYUKTIKO yiyxetar pexpt 1o omnueio kopeopov. Tote apyiler 7
CLUTOKVOGT, TOV AouPdvel ybpo 010 HEYOADTEPO HEPOS TOV GUUTLKVATY, KaB®OS TO
yukTikd omd mowotnte. 100% petaminter oe mowdtmra 0%. H  pelwon g
Oeppokpaciog oe avTr T dPAcIKN TEPLOYT| Efval TO OMOTELEGHA TNG TTOONG TEOTg
10V YukTikoD. [IEpa amd 10 onueio 6mov OAOG 0 ATHOG EYEL CUUMVKVODEL, TO WUKTIKO
vroyVYETAL néxpL TNV 6000 TOL amd TO CLUTVKVOT) Kat TV £i6odo Tov ot PorPida
ektovoone. Kabdg 1o drlho pevotd (my aépoag) amoppo@d Bepudmrta, 0
Beproxpacia Tov avEdvetal, OTOS Paivetal Kal omd to oxnua. To pevotd avtd eivol
LOVOPUAOIKO, EKTOS OMO OPICUEVEG TEPITTMOELS, OMMG GTAL CUCTNUATA CTUSLOKAG

YOENG.
i | Zyfpa 2-4: Tomkd Beppokpasiaka
\/,.:u!_\urr\;};d!—.;::l npoqﬁl GU,.UTUKVC!)Tﬁ.
@ \\ ~Condensing Refigaran Ov mo moAhoi GUMT’?UKV(M@G
2 41-“__“‘__ Y100 EQAPHOYES YOENG KUl KALHATIGHOD
3 —— .\ Katookevalovial yu Aertovpyie oe

avtppon, 6mee oto oyiua. O Adyog
e R glvar 0Tt ov gvaddidkteg BOeppdtnrag

e OV AEITOLPYOVV GE QVTIPPOT| £XOVV
UeyaADTEPT) AMOSO0T] GUYKPIVOUEVOL
UE EVOAAAKTEG OLOPPOTIC.

-._.:l}."_‘hf'l'.l; Flundg~

inlet Positon Exit

2.1.4. TYIIOI ENAAAAKTOQN GEPMOTHTAX XE EQAPMOTI'EX WYYZHX
KAI KAIMATIEMOY

Ou dwpaockoi evarrdxreg BepudTnTaS MOV ¥PNOLULOTOLOVVIOL GE EPUPLOYES
YoEng kot KAPOTIoHOD UTOpoLV va  KatryopiomoinBoldv avdioye HE TO av
anmoteloVvIOl and omeipeg M| amd ovkovg ko kéAvgog. O eatpiom)peg Ko ot
CUUTTVKVOTEG HE OTEIpEC ¥pmopomoodvIaL 0tav 1o deVTEPO PELOTO eival 0 aépag,
enedn] amd v Thevpd ToL 0fpo amarteitol WOAD pHeyoAvtepn empavelr. Ot
eEATIOTNPEG KAl CUUTVKVOTEG TOTOV VAV Kol KEADPOVG ¥pMCLHLOTO0vvVIaL 6TaV TO
devtEPO pevotd eival vypd, Omwe to Kabapd vepd 1 to Bahacowod vepd. O mévie
KUPLOTEPOL TUMOL EVUAAAKTAOV BEPUOTNTAG, TOV ¥PNOIUOTOIOVVTOL OTIC Propnyavieg
YOENG Kol KAMUOTIOHOD ametkovilovTal 6To ETOPEVO GYTLLOL.

Mepkd yeviKd YopaKINPIOTIKG, OTTMOG 0V TO WUKTIKO 1] 10 de0TEPO PELOTO
péovv péoa 1| ££m and Tovg aVAOVG, EMIOTG OVOPEPOVTIOL OTO OYNHO aVTd. Zg 600
TOTOVG EVIALAKTOV QLADY Kol KEADQOVS TOL avapEPOVTOL GTO oYU (EEATUIOTIPESG
mnupvpiong —flooded evaporators- kol CLUTVKVOTEG AVAGY Kot keAbpovg —shell and
tube condensers-), T0 YUKTIKO pEeEL oIV TAELPE TOL KEADPOLG, €V TO deVTEPO
PEVOTO PEEL OTO ECOTEPIKO TOV CVAGDY. ZTOVG 3 EVOMOUEIVAVTEG TOTOVG EVAAAUKTMV
(eEoTotnpeg kol ovpmukvotég pe omeipa —coil- kar eatpiotipeg dpeomng
ektdvmong — direct expansion evaporators, DX-), To yokTiko p€el p€ca GToug 0LAOUG,.
Inueidvetal 0Tt eVOARGKTNG GQVAMV Kol KEADQOLG, UE GUUTDKVOOT UEGH GTOVG
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Kegdhiaro 2: EEatnoeTipes Kal GOUTUKVOTES CUOTHUATOV KAUATION0D

aviovg (oe avaloyia pe eEaTIIOTNPO GUECTS EKTOVOOTIC) SEV OVAPEPETUL GTO GYTLLOL.
O Xoyog givar 6Tt aLTOS 0 TOTOG GLUTVKVOTN de YpnouyLoToLEitaL TO60 cLYVE, OG0 oL

vdLowmoL 6T AMloTa.

Al1Quo61KO0i EVOALAKTES
65 PO&N KoL KAPATIONO

~ESatmotipeg

~EEatmiompog oneipag

auecNg EKTOVOONG

*Pyuktiko:avhol

*A£pag YOpm amd avAolg pe Tephyla
—TVOmTov AVAAY - KEADPOLG
(Yypoi yoKreq)

~ECatuotipag minppopiong
FPorTiko: KEMQOG
*Yypo: aviol

ANEDS EKTOVOOIGS
*PukTicd: avrot

*Yypo yopw amd avloig
—LUPTUKVOTEG

- LOPTUKVOTEG OTTEipag

*Poktukd: avrol

*AEPaC YOPW Ao VA0V LE TTEPVYLL
~ ZUPTUKVOTEG

GVADYV - KEADQOVG

FPOKTIKO: KEALPOS

*Yypo: avhot

~EEaTiiotpog avAdyY - KEADQOUS

Lympa 2-5: ZovijBeg
TOMOL EVOALOKTDOV
Oeppotnrog og Yoin
KOL KALPOTIOPO.

Yndapyouvv
aPKETOL aKOUN TUTTOL
EVOALOKTOV TTOV
XPNOLOTOLOVVTUL GTINV
Youén kat tov
Khipatiopd. Qotdco, N
XPTOM TOVG OTN
Bropmyavia givar
TEPLOPIOUEV ] OF
GUYKPIOT pHE TN
GLVOALKT] XpTOT T@V
evarloxTOv TG AloTac.
Ot tOmot evarloxtdv
Beppomrag mov dev
ava@éponkay 6To
oynua, gival
EVOALGKTEG TAOKAV LE
ntepvye (plate-fin heat
exchangers) mov
APMOLUOTOLOVVTAL OE
KALOTIGTIKG 0YMuUatmv
Kot evaildrreg Surho
cwinva (double-pipe
heat exchangers).

Ov e€atpuotpeg TANUUOPIONG KoL GUPECNS EKTOVOONG EKTEAOVV MOPOHOLEG
Aertovpyieg. Qotdc0, Saépovy oTo OTL 0 TOTOG TANURYPLoNG Baciletal og e€dTiion
péoa otovg avAiove. Ta mheovekTpato evog eEQTUIGTPO AUECTC EKTOVOOTG, EVOVTL
gvog eCatiopa TAnppdpong, eivar 0t ot avioi kabapifoviar mo evkora Kot éTL T0
YUKTIKO TEEL GTO GUUTIESTT OE KOTAOTOON vaépBeppov atnov. To mAeoveékTnua evog
gCatiotpa TANUUOPLONG Efval OTL EAAYIGTOTTOL0VVTAL Ta TPOBATLATA KATAVOURG TNG
POTC KOl 0O TNV TAEVPE TOV YUKTIKOD KAl Gd TV TAELPE TOL VYPOD.

Zyed0v OOl Ol QLAOL OV YPTCLULOTOOVVTAL GTNV YOEN KOl TOV KALOTIGUO
glvat dratoung KukhKNg kol kataokevalovral and yxarkod 1 akovpivio. Q¢ eCaipeon.
OE E€PUPUOYEC Yo avTokivnTa ot aviol eival ofdh kot O6Tav TO WYULKTIKO eival 1)
appovio ygpnoponotovvrar avkoi and avoleidwto ydivPa.
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Kepdhaio 2: EEatpiotpeg Kal CUPTUKVOTES SUGTIUATOV KAPATIGNOD

2.2. ANAAYXH ENAAAAKTH @EPMOTHTAX

2.2.1. T'ENIKEZX EZIZQXEIX

Ot gvadhaxteg HepudmTOG MOV XPNCULOTOWOVVIOL OF EPUPUOYES WOENG Ko
KAMUOTIONOU Umopodv va avolvBovy Kol Vo GYeOINCTOVV HE YEVIKEG TEYVIKEG, TTOL
APTICLLOTOIOVVTOL Y10 LOVOPUOIKEG 1 GALES Srpactiég epappoyEs, Omag Brounyavikég
gyKoTaoTdoelg kol ynukés depyacies. Ewdikdtepa, ov eElodoeig evépyelng kal ot
uébodol mov ypnoomovVTAL Yo TV EXIAVOT TOVG, Elval TOPOUOLES Yo QVTEG TIg
dapopetikés epappoyés. O KOpleg SUPOPES AVAUESH OTIC SLOUPOPETIKEG EQUPLOYES
VOl GTOVG CUGYETICUOVG TTOV YPTCILOTOOVVTOL KAl GTOVG TUTTOVG TG BeATivoong g
uetddoong g BeppdTTag mov eykadiotavial.

Ot oLCYETIOELG MOV YPNGIHOTOOVVTIOL YO TNV TEPLYPAPN TG e&€dTiong Kot
NG CUUTVKVEOOTG TV YUKTIKOV Elvol cvyvd Swpopetikés amd dAla pevotd. H
Slapopd £ykertar oTo OTL TG YUKTIKG £X0ovv cuvykekpiuéveg Pdaoeg dedopévov.
E&GAhov, ov pébodor evioyvong g petddoomg Bepudtnrag aviovaxiovv oe
OPLOUEVEC TEPITTMGELS EEELOIKEVIEVES AMALTIOELS Y10 CVOTIUOTA WOENG, OTWG KPR
ntwon migone. Eniong, vrdpyovv ki dideg Swpopéc. To peyaddtepo tunipa avtod tov
kepoiaiov aocyoleiton pe v mapovoicon tov peHOdOV TOGOTIKOD TPOGSLOPIGLOD
TOV QUIVOLEVOV OV S10(p0poTolodvTaL oty YiEn kol Tov KMPaTIopo. Qot100, 1)
evotnTa avth eivar Tepiknyn g YEVIKOTEPTG avaAvong Tov evorldkTn BeppdtnTog
KOl TV TEXVIKOV oyedlaone, Tautdypove HE OCULYKEKPUEVEG LTOOECE TOL
QmALTOVVTOL YLt EQAPHOYEG YOENG KOL KAUOTIGHOV.

Avo mbavég mpooeyyicelg Ppiokovv e@appoyrn oV AVEALCT] EVOAAOKTMOV
Beppdmrac. H mpdtn mpooéyyion eivar pia Xovipikr] ovaivorn, oTnv omoia o
EVOALGKTNG avalveTol og évag amhog 6Ykog eAEyyov, e 2 gto6d0vg kot 2 e£6dove. H
devtepn mpoofyylon eivol Ul TOMKY ovaAvot, pe TV omola 0 evOAAAKING
Bepudtnrag diupeitan og Tupate 1§ Tohhamhoig dykovg eléyyov, 6mov 1 é£odog amd
Tov évo. Oyko erEyyov oamoterel TNV €10000 GTO YETOVIKO OYKO EAEYXOL Kal OVT®
koBelne. Ztnv Tomikn avdivon, o pvbupoc petddoons Bepuotnrag AapfBdverar pe
ohoxAfpwon tov tomkodv Tipdv. H mpdt npocéyyion (xovipikn) eivar mo ovvibng
Kal o o Kol ouyva mapéxel hoyikd kot akpipr amotedéopata. Ilpoonabeieg yo
vo. ovartoyBovv VToAoYoTIKG povtéda mov Paciloviar otn devtepn mPooLyyiom
(tomikr) Ppiokovral oe eEMEN. QoTOGO, TO LEYOAVTEPO LEPOG ALTNG TNG GOVAELLS
givol  OMOKAEIOTIKNG EKUETAAAELONG, AOY® 1TNG OGVIOYQVICTIKIG @QUONG  TQV
Bopnyaviov yiEng kol Khpoatiopov. Méypt tdpa, kavéve LTOAOYIOTIKO HOVIEROD
gupeiag ypnong mov Paoileton oty TomT TpocEyyion dev eivar dabécyo 6To gvpL
KOWO, OKOLT KOL Y10 CUYKEKPLUEVO TUTTO EVOALAKTY).

Kat yio 1ig 8vo mpooeyyioelg, n Pacikn oyedaotikn e&icwon eivar n oyéon
Y10, TOV VTOAOYIOLO TOV OMKOV GLVTEAESTN LeTddoong Beppuotntag. Avtr 1) ekicwon
Umopel Vo TPOKOYEL, GV LETAYEPIOTOVUE TO HOVOTATL mov akoAovBel m petddoon
Bepudmrag avipese ot 2 peLOTE (M) WYUKTIKO Kol aépag) o¢ pia Gepd omod
Beppikég avniotdoe. O mapakdto Oeppikég aviiotdoeis’ Ppiockovy £QaproyR 6TOVG
M0 TOAOVG EVOALGKTEG YHENG Kat KMUATICHOD:

e ZUVOY®YY OTO ECAOTEPIKO TOV GVAOV.

Ta ovpPora ka ot Seikteg mov yproionotovvral, Ba enednynlolv o EBIKY Tapdypapo
OVOHOTOAOYIOG 610 TEAOG TOV KEQaAaiov.

34

Institutional Repository - Library & Information Centre - University of Thessaly
23/04/2024 21:53:10 EEST - 3.14.13.79



Kegdhato 2: EEaTpLOTI|pEG KA1 CUUTVKVWOTEG CUOTIHATOV KALHATIONO0D

e LEocwtepikéc anobéoeic.

1
h,A

di* " pi

R, =

e Toiywpo avrov.

s I ]
R = -
A

o p
o Emagr) petald nrepuyiov Kal TOLYOHATOS QLAOD.

1
' hcApa
« Efotepikéc amobéoelc.
1
ha’aAa
e Iltepiyto (deg mapaxdtw cvlntnon).
Rﬁ
e 2UVOY®YN 0TO eEMTEPLKS TOV TTEPVYiOL.
1
hoApo
O deikteg TG empdvelag A ToPOTAVOLY HOVO TNV eEMTEPIKT] EMPAEVELRL TOV
QLAY GTNV TEPITTMGT] TOV «PO» KAl TN CLVOAIKT emlpdvela pall pe to Trepyla TNy
nepintoon tov «o». O tehkdg oAKOg cvvieheoTng petddoong Oepuodtnroc, mov
TPOKOMTEL amd T0 ovvdvaocud twv Beppikdyv aviiotdoewv kot Paciletar oty
emtepikt) empaveia, eivat:

R

7

I
__ = 211

o4, AL, 1-p 14, 1 4
4. 4.k, B ) h, Ah, h, hA
[ Af

Mo kaBapég emeadveieg aviav, ot TipéS TV hy; kat hy, Yo T ecwTEPIKES KO
eEwtepikéc anobioelg aviiotolya, Tpoceyyilovy 10 AMEWO, VTOINAMDVOVTUG GHEANTEN
Bepuikn) avtiotaon. Eivor onpoavuikd va onuewmdel 0TL 100 YUKTIKG KAvOViKE dev
TEPEYOVV LOAVVTEG KL Yot TO AOYO avtd, 1 Beplik| avtiotaor anobécewv amd v
TAEVPE TOL YUKTIKOD eivar pndév. EmmpocOeta, ta TOXOUOTO TOV GVADV GPKETA
ovyva Kataokevalovtal omd HETOAAE VYNANG OEpIKic Ay @YILOTNTAS, OT®S O YOAKGS
Kol 70 aAovpivio. Q¢ amotéiecpa, n Beppikn aviictaon Ry, v 1o toiyopo tov
aVAdv gival apeintéa. Avto dev woydel 6tav ypnopornoteital avoleidwrog ydivBag,

OGS AVAPEPBNKE TNV TPOTYOUHEVT] TOPAYPAPO, Yt OPLOUEVESC EQAPUOYEG.

Meydho pépog avtov tov Kepaiaiov £xel oTOY0 va deilel 010 oYedOOTH THOS
va vrohoyilel ddpopeg mapapétpovg otnv mponyoduevn e&icwon. Encidn ov tomol
TOV evoAloKTOV Oepudtntoag dwgépovv, UMOpEl va VIGPYXOUV OpkeTol TPOTOL
VIOAOYIONOV Y10 KABE TOpAUeTpo.

0. dwgopikdc pvBude petadoong Oepudmrag pmopel vo opiotel y 3
Srapopkodg dykoug EAEYYOV, Yo TV TAEVPE TOV YUKTIKOD (1), TNV TAEVPE TOV GAAOV
pevotov (f) xar v mepoy] TG OSEMQPAVEWG PEVGTOL KOl TOUXMUATOS, ©F
aKoAovOwC:
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Kegdharo 2: EEatietiipeg Kal supmukveTig GUGTNUATOV KAMUATLONOD

50, =md, 2-2
oQ, =mc,dT, 2-3

50 = U,dA AT 2-4

AT egivar m tomxn dwopd Beppoxpaciog petald YLKTIKOD KOl PELGTOD.
Avtol o1 pv@poi peradoong Beppudnrag eivor icot yia otadepomompévr katdotaon,
otav 1 andrewa Beppdmrag amd Tov eVOAAaK oto teptfaiiov eivor apentéa.

Enpewdvetar 0Tt 1 popen g e€lomong evEpyELOg TOV TAPOVCLAGTIKE TPLY,
LTOBETEL OTL TO U1 YVKTIKO PEVCTO EIvaL LOVOPOOIKO Kal amoTeAeitan amd £va uovo
oVoTOTIKG, Omwg 0 aépag 1 To vePS. Opwg, xatd v Wokn aépa ot omeipeg
e€aTIoTY, GLYVA cvuTVKVA@VOVTOL LApaTol Kol oYNUOTICETaL LYPO PIAN 1) CTPOUQ
TAYOL TAVM OTNV EMPAVEWR OmO TNV TAELPE TOVL GEPE. ZTNV TEPITTO®OT ALTH, M
gkiowon 2-3, tpomomoteitot yia va mepAGfet kan Ty GAAN @dor ko 1 eéicwon vt
Ypagetar o 6povg evhudmiag xat 0y1 o€ Opovs Beproxpaciog.

H dw@opd avapese 611 YOVIPK KOl TNV TOTKT) TPOCEYYIoN £YKELTOL GTOV
TpOmo pe Tov omoio emAvovial ot mapamdve eélowoelg petddoong Beppotnrag. INa
NV TPOYELPT] avVAALGT, 0l EEIOMOES VTEG ADvovTal De@pdvTag Tov EVOAMAKT m¢
évav amid Oyko ehéyyov, mov yopoaktnpiletal and PECES 1O10TNTEC KAl TOPAUETPOVS
(mx. ovvieheotég petadoong Beppomrog, Beppokpoocieg, mOWOTTO K.0.) KOU T
oOvopa Tov Oykov eAgyyov eivar ot glcodor kot ot £60dot Tov evarraxtn. o mv
Tomikn avaiven, ot efloboglg emidovior AopPdvoviag oTudlukd TUNHATE TOV
evoALG KT amd T pia dxpn wg Ty GAAN dkpn tov. Ot pubpoi petddoong Oeppdttog
mov vroroyilovtor Yo kéibe oTAdo, oAoKANpdvovVTaL Yit OAOKATPO TOV EVOALAKTY,
1 vo. AngOet 1 ohkny petddoor) Oepudtntac. L cuvEELD, TEPLYPAPOVTAL KoL Ot GVO
TPOTOL TPOGEYYIOTG.

2.2.2. ANAAYEIH ENAAAAKTH ME TH MEOGOAO XONAPIKHE
NNPOZEITIZHE

H mpdyepn 1 yovdpun mpocéyyion Paciletar ommy mapadoyr 6Tl Y Tov
EVOANGKTY) UTOPOLV VA ¥PNOLULOTOINO0UV LLECO YOpUKTNPIOTIKG, OTWE WO0TITES Kal
mapduetpol. Q¢ omotéleoua, otv mporyovpeves eéodoelg peTddoons Beppotrog
UTTOpOVV Vo OLOKATp®OOTY Yo GA0 TO UIKOG TOV EVEAAGKTN, ¢ EENG:

Qr =My (irin = i:'ouf) 2-5

Q, =ms(T,, —T,) 2-6

Q=U,AAT, 2-7

H péon Oeppokpaciokn) dwapopd pmopei va opiotel g pEon AoyapiOpum
feppokpaciakt dlagopd, pe Ty tpotindbeon 6T to YukTIKd Efvar d10Qacikd KaTd
UAKOG TOV EVOAAGKTN Kol TO GAAO pevotd eivar povopaciko. H péon hoyopiBuixr
Swpopd Beppokpaciog divetal amd T GYEoT):
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Kegpalaro 2: ESatpioniipeg KAl GURTUKVOTES CUCTIHATOV KALPATIGHOD

AT, xar AT, eivar Beppokpacilakec dapopég aVANESH GTO YUKTIKO KOl TO
pevotd ae yertovikég Béaeig (amd v id1o mhevpd tov evarhax). o mapddsiypa,
o€ evoALAKTN avTpporc, 1 €lcodog Tov WukTKoD £ivar yettovikt| pe v £€0do tov
pevoTov, evdd g evolaKT opopporig oL £icodol TV dV0 PEVCTOV Eival YEITOVIKEC
petald Toug Kat ot €£0801 TV OV0 PEVCTAOV Eival YELTOVIKES LETAED TOVG.

O mapdyoviag mov TEPMAEKEL TO TPGypoTO O evahAdkTee WOENG Kou
KAUATIOROV, eival 6TL TO YUKTIKO OV Eival 61pacikéd 6 OAO TO HKOC TOV EVOAAGKTN.
[a mapdderypa, ov efatotipeg (extog ToL TOHMOL TANMMOPLONG) otnv ££odo
TAPEOVV VTEPBEPLO OTHO, EVA OL GLUTLKVOTEG d€xovtal otnv eicodo vrépBeppo
atpd. Emmiéov, ot mo molhoi cupmukvetég oty E£080 TapEXouy VIGYVKTO VYPO.

Adyow g dmapEng SQaciKng TEPOYMS Kol TOAAATADY  LOVOQAGIKOV
Teploymv, mapafraletor n wapadoyr otabepnc ewdikng BeppdTntog mov amarteital yio,
mv e€aywyn g péamng royapBpkng dwagopdg Beppokpacioc. Aemwtopepng enlyvoon
TV A0B@V OV TPOKVTTOLV YPTMCLLOTNAVTOS TIC Beppokpacies e16080v Kal e£660v
TOV YUKTIKOD 1o ToV LoAoyopd v Tindv AT, kat AT, (yia gprion otnv televtain
e€icwon), TPOKVMTEL e TAPATPNOT| TOV BEPLOKPUCIAKAOV TPOPik Tov e€atioTipa
KOl TOV CUUTVKVOTTY, 6T0 oynuata 2-3 kol 2-4. [Na mapdderypa, av 1 vrepBeppavon
oty ££080 Tov e€atoThpa gival peydin, to AT, pmopei va mpoceyyicer To undév.
To yeyovog avtd pmopei va peudaet onpavtikd myv mocotte AT yrp. Ao T0 Gympo
2-3, @aiveton 611 n péon dwpopd Beppokpaciag elvor oy TpoypoTikOTNTO TOAD
peyaivTepn, kabmg ennpedletar moAd TEPLOCOTEPO amd TN HEPUOKPACLOKT d1apopa.
o011 OWPACIKT TEPLOYN, TTapd amd TV TEPLOYY] VIEPHEPLAVOTC oV £E000.

[a v wepintwon T0V CLUTVKVOTY, OTMG Paivetal ato aynua 2-4, 1 TepLoyN
VIEPBEPLOV aTHOV GTNV £l0000, 00N YEL OE VIEPEKTIUNON TNG HEGNG BEPHOKPACLOKNC
S1popag kat, Y10 10 AGY0 aVTO, VIEPEKTILATAL Kul 0 puBudg petddoone Beppotmrag.
Qot000, avt 1 VIEPEKTIUNOT avtictabpiletol kanwg, AoyY® NG BepHoKPACIOKTC
drapopdg oty ££080, 61OV TO YUKTIKO PByaivel vdyvKTO.

Adyo tov mapaydviov mov TEPTAEKOVY TNV Katdataon (kat ava@épbnkav
O TPWV), 1] TPOYELPT] OVAAVGOT] TV eVAAAAKTAV Yo WiEn kot KAMPOTIoNS pmopet va
vivel pe 2 tpomovc:

1. H dwoaown mepoyn v kabopilel ta xopokinpiotikd (ko Tic Beppokpaoiaké
dapopéc) oAdKANPOL TOL EVAALAKTY BepROTNTAC.

2. O evolkaxtng vo Owipebel Ge LOVOPAOIKES KAl OpaoikéG TEPLOYEC TOL
AVAADOVTOL YOPLOTA.

H Bdon yio v mpdt evarraxtikn Avon eivar 6t1 1 Teployn LrEpHepuon
atnov, oty €icodo Tov cvpmLKVETH 1 MV €£0d0 Tov eEaToT, CUVIOTA HiKpO
0600 Td (CUYKPWVOLEVT] LE TN JPUCIKY TEPLOYN) TNG OMKNG petddoong Bepudtnrag
o€ evorlAaKTn YOENG.

e v wpdm mpocéyyon, o1 Oeppokpaciec TOL  YUKTIKOD 7OV
¥PNOLOTOLOVVTAL OTOV VTOAOYIGHO TNG AT vy rp, Elvat o1 Beppokpacies KOpeGLLOD TOV
WYOKTIKOV KOVTd o1V £10080 1 Tnv £€£080. AvTi 1 Ypappn — 0dNy0g emTpEnel TTMOOELG
nigomg mov mowkihovv pe tig Beprokpacieg kopeopod péca atov evaArakTn. AVTEC O
Beppokpaoiec KOPESHOD HTOPODV VO DIOAOYIOTOVV b CUVOLOOUO TMECEMV K
TTOoEOV ' MEce®V N amd to MEyeBog Tng vaépbepuavong kol g vwOYLENC.
Tnuewdvetal, Ot 1 mapadoyny Ot M Owaowkn mepoy kabopiler ta péoa
yapaxmplotikd, emdpd ot AT yrp mOV VEOAoyiletar. Ia 1o Adyo avtd, 0 pubuog
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Kegpdlaio 2: EEatpuioti)peg KAt SUPAUKVOTEG CUCTILATOV KALPATIONOD

petadoong Oepudnrag mov vroroyiletal, eivon peyaAdTEPOG AMO TOV TPAYHATIKO Y10
e€aTIIOTNPES KAl LIKPOTEPOS ATO TOV TPAYRAUTIKG Yot CUUTVKVOTEG. Emmpdabeta, o
olkol ovvieleotég petddoong Beppotntag mov vroroyiloviar, pmopei vo givat
eENAPPADG HEYAAVTEPOL OTO TOVG TPAYROTIKOVG. Q0TOG0, Medn 1 Oepiiky avtictoot
amd TNV TAEVPE TOV YUKTIKOD eival pdvo éve TUMHO TOV GUVOMKOD GUVIEAESTN
petddoong BeppdtnTog, ovt 1 enidpacn eivan devtepevovcag oNPAGiag, og cUYKkpion
HE TNV eMdpact] 6Tig DEPUOKPAGLOKES SLOLPOPEC.

H Jedtepn mpooéyyon Oivel onpacia oty petddoon Oepudtnrag oTig
HOVOQACIKEG TEPLOXES, OPAVTOG TOV EVOAAGKTN OF HOVOQOGIKY TEPOX Kol
dwpaowucr) meproyn. Tn Swpacwkn mepoxn 1 yepldpacte dnwg oty mpdm™
mpocEyyion. QoT060, HOVO T CUYKEKPIUEVT EMPAVELR evaAAayng BeppuotTag, Tov
avTIoTOLXEL 01T S1PaciKn TEPLoyT], ypNoonoLeital otov vrokoyopd. H perddoon
OeppoTTag ot LOVOQACIKY TEPLOYT), €ITE TPOKELTAL Yoo VIEPPEPHO aTUO gite Yin
VIOYVKTO VYPO, vrohoyileTan wg pia Lexwpioth mepoy HE T kN NG emEdveln
evolhayng Beppodtnrag, ™ Ok g péon Aoyapdpiky dwapopd Oeppokpacicg kat
0AMKO cuvtedeoT| HeTddoong BepudtnTac.

Avti| 1 Tpocéyylon pmopel va eivat 69okoro va mpaypatonomnel, avrioya e
10! TOTO TOV eVOAAGKTY (M. omelpeg, avA®V - KEADQOVC), Tn didtaén Tng pong
(opoppon 1 aviippon) Kot T SUOPE®CT TWV AVAMV. ZUYKEKPLLEVA, UTOPEL v Elvan
TPOPANLE 1] CLGYETION TOV BEPUOKPATIAOV TOV LT YUKTIKOD PEVGTOD UE TIG SLPUGIKES
KOl LOVOQOGIKEG TEPLOYEG POTG TOV YUKTIKOD GTOV EVOAAGKT. AVTH 1 cvoyétion
givar avaykaia yoo Tov vroroyiopd g AT yrp Y10 KGOE TEPLOY] POTG TOV YUKTIKOV.
Eniong, pmopei va amateitan pio emovolnmnikn S10d1Kasio Yo TV VITOAOYIGUO TOV
EVOAAGKTY, aviloye e TG ovvOnxeg mov eivol Yvwoté ©T0 OYXEAGTH 1 TOV
avoALTY.

Znuewdvetal, 0t N AT yrp ovyvé morhamioacidletar pe €vo d10pHOTIKO
napdyovta, F, vy va Anebeil vndym 1o yeyovog 6Tt n AT yrp vrokoyiletar pe v
Tapadoy’] cuvONKOV aviippong. TNV TPAYHOTIKOTNTA, Alyol eVOAAGKTEG WOENG Kol
KAMPLOTIoROU AE1ToupYoVV GE amOAVTEG GuVBNKeG avTippong. 61660, 0 dopBuTikdg
cuviedeoTig eivan 1, yio evarrdkteg Sipacikng pong, 6mov 1 BeppoywpnTikdTnTa
npooeyyilel to anepo. Emmhokég pnopei va mapovciastolyv, 0tav 1 Beppokpacio Tov
dpaoikod youktikoy aAldler eEotiog nTOONG TESTS 1) OTAV HOVOPACIKEG TEPLOYES
avorvovtol EExmploTd amd 1 SLPACIKT TEPLOYT], OTWS TEPLYPAPTIKE TPOT|YOULEVAG.

2.2.3. OAOKAHPQXIH TTIA TON YIOAOI'IXIMO THX METAAOXIHX
OGEPMOTHTAX ME TH MEOOAO TOIIIKHX ITPOXZEITIZHX

Onwg avaépbnke vopitepa, 1 tomr npoctyyion Paciletar otn dwipeon Tov
EVOAMIKTY] OE OTOWELMIELS OYKOUG EAEYYOL KOl TNV EMAVON TOV SQOPIK@OV
eElodoewv peTddoang BepLOTNTAS TOV SETOVY TO PUIVOHEVO GTOVG OYKOUG EAEYYOV.
Avéloyo pe Tov TOTO TOL EEATHIOTAPA T} TOV GUUTLKVETY, AVTOL 01 OYKOL EAEYYOV
umopel va givar oAOKANPES GEPEG QVADY, pia TPOSEYYIOT oL YPNCILoToBnke 6TO
naperOov yo eEatioTApeg TANUUOPLONG, T, HIKPA EMOLENTIKG UK OOADV,
npocéyylon mov yproorotifnke oto mapeABov yio evoridxteg pe oneipeg. Tomkd,
1 Adon mpoywpd otabepd dapécov Tov evarrak, apyilovtag amd Eva otoyeio pe
YVootéc Oeprokpacieg kol GALES WOTNTES TOV PEVCTAV. 26TOGO, 1 SLAUOPEWCT) TOVL
gvalAakT gival ouyva TETog Hopeng, MOTE ot cuvlnkeg (T.y. Beppokpacia) ya To
éva amd ta 600 PEVOTA VO Eival GYVOOTEG GTO GTUEID EKKIVIOTG TV VIOAOYICUAOV.
Tmv mepintwon auth, vIoBETOVHE pia KOTAGTAOT Yl TO PEVGTO AVTO OTOV TPMTO
oToEL®dT OYKO EAEYXOL. Av Yo TO PEVGTO aVTO YVOPIOVHE TG GUVBTKES OTO
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Kepalato 2: EEatpiotiipeg Kal GupmuKveTé CUGTIHATOV KAMPATION0D

tehevTaio otoyeio mov yivovtal vVOAOYIoHOL, TOTE, POy olokAnpwlel n emilvom,
Yiveral o0yKpLON TOV TILAOV OV EIVAL YVOOTES JLE TIS TIHES TOV VTOAOYIGTNKAY, Y10 VA
eEakpifwbel 1 axpifed tov mapadoydv mov £yvav Y TIC CLVONKEC 6TO apyKd
otoyeio. O olkég puBpde peradoong Bepudtnrag tov everrakm vroroyileton pe
0LOKAPWOT TOV OTOYEWdGOV puBudv petddoong Beppoémrag mov vIOAOYioTKAY
KOt UKo TOV EVAAAGKTT).

O 1peic ediomoeig evépyeag (efiodoelg 2-2,3,4) Hmopovv va ypa@ovv pe
ddpopovg tpoémove, apov T uoper ™g edicwong egaptdtar and TV EMAOYN TOV
otoyeimv Tov dykov erfyyov (m.x. cvvopa) kat T péBodo mov ypnoonoiEital Yo
0V TPpoodiopiopd tov otorgeiov (my. péBodog miéypatog). INa 1o Adyo avtd, or
eE10MOELS TOV SETOVV TO PAIVOUEVO SEV UTOPOVV VA TAPOVCIAGTOVY YiX TNV TOMTIKT|
avalvon, 6nmg TapovciacKay vapitepa ya v apdyepn avaivon. Qotéco, dvo
OKEYELS Eival onuavTikég Y v tpit) eLicwon evépyelag, mov MEPIEYEL TOV OMKO
ocuvvieleotn pet@doong Beppomrag kat ) Beppokpaciaxt] Srapopd avapeosa ota dvo
pevotd. [pdtov, enedr) o1 Tomkég cuvbnkeg vroloyilovtal yia kabe otoyeio, sivan
duvatd vo katavoroovpe TV emidpacn tov 1dwomreov wov faptd@vial and M
Beppokpaciac ka1 v emidpact TNC TOWOTNTAC TOV YUKTIKOD OTOVS CUVIEAECTEC
pet@doong Bepudémrag yio mv egatpion xal T, cuumLKVEOT. Q¢ amotélecua, O
0MKO¢ cuvieleoTng petadoong Bepudmrag moikider yo kaBe oroyeio. H devtepn
okéyn £xel va kavel pe m pébodo mpoadiopiopod g Bepuokpaciaknc dwagopds, mov
anotelel Ty mBovoa dvvaun yia ™ petddoon BeppudmTac S0 HEGOV TOV TOLYOUATOC
TOV QVAGV. AV 10 GTOLElo TOV OYKOL EAEYXOL Eival OpPKETA IKPQ, TOTE 1| wBovow
Beppokpaciakny Swgopd pmopei va Poacwtei oe  amdn opiunuky pécmv
Beppoxpaciak@v drapopdv kabe mrevpag, mapd ot AT y1p.

Apketd poviéra evorhoktdv mov Bacilovial 6TV TOMKY) TPOCEYYION £XOVV
avagopéc ot diebvh Pifhoypagic yw e@appoyés WHENS kot KApatiopov. Ia
nopaderypa, o Webb, Choi & Apparao’ avagépovv éva poviého eEatpuotipa
TANpOPLoNG, OOV KABE oeEpd avAdV petayepiletal wg £va oTolyEio dyKov EAEYYOV.
O Payvar® ypnoiponoince napépola mposeyyion ot £va THno Ppactipa, oL potdlet
apketd e efatotipa mnupudplonc. Ot Huang & Pate’ avéntuéav poviédo yu
eEQTIIOTNPA. KAl GUUTLKVOTH HE oneipeg mov Paciletor o TPOCEYYION TOMKNG
avalvong. Xt perétn autn, Ta otoyeia Tov dykov elfyyov anaptiloviav amd pikpd
emavénTikd pnkn avidv. [Na mopaderypa, o pio mepintwon dapovoay évav avlod
pnkoug 3 pétpov ot pia oneipa og 28 Tunpata.

2.3. EEATMIXTHPAX ME XIIEIPEX

2.3.1. IIEPII'PA®H KAI EIAIKA ZHTHMATA

O elarotipag pe oneipeg anotedeitar and avrodg mov €xovv mrEPHYI
oyfuatog mhdkac. To YukTiKO pEEL OTO ECMTEPIKO TOV AVADV Kal 0 aEpag pEEL YOP®
and mv efotepik em@aveler t@v avAav. Eva tomké opjpe m¢ yeoperpiag
napatiBeTal 6T cLVEKEL.

*Webb, Choi & Apparao (1989) A theoretical model for prediction of the heat load in flooded
evaporators. ASHRAE Trans. 95(1).

*Payvar (1985) Analysis of performance of full bundle submerged boilers. ASME HTD-44, Denver,
Colo., pp. 11-18. ASME, New York.

*Huang & Pate (1988) A model for air-conditioning condensers and evaporators with emphasis on in-
tube enhancement. IIR Conference on Refrigeration Machinery, Purdue University, July 18-21, pp.
266-276.
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Kegalaro 2: EEaTHIoTI|pEG KUL CUUTUKVQOTEG GUCTIHATOVY KAPATIONOD

Lypa 2-6: Tomkoi
avAoi pe wrepvyLa
OYNNETOS TAAKOGS.

Ralrigerant i

Avtég o tomog efaTpioTipa YPNCIHOTOlEiTOL Yo TOAAEC EQUPUOYEG TOV
amortodv peycAo evpog drapopedcemv Kat peyedaov. Ta peyédn xat ot dapopedosig
TOWKIAOVY avAAOYQ [E TOV KOTOOKELOOTY), akOpn Kol yia v idw epappoyn. INa
nopddeypa, 1 dvvardmra mapoyxs avtod Tov TOHMoV EuTIoTNPR pmopel va eivat
apkeTd pikpn) (KAAOpOTO TOL TOVOL) Y10 UIKPES EQAPUOYEC, 1| OPKETE HEYGAN
(exaTovtddeg TOVOl) OTAV TPOKEITAL YO CLUCTNUATO KALHATIGHOD HEYGA®V KTipiwv.
AWQOopeTIKES EQapUOYES, pmopel emiong va odnynoovv ot drapopetikeés pebddovg
Kivnong Tov afpa péco OTOV  EEATHIOTNPO. XTI TEPLOCOTEPES TEPLTTOOELS
epappdletar eavaykaopuévn kKukhogopia, cAhd Kot 1) QUOIKT KukKAo@opia Ppickel
OPLOHEVES EQAPHOYEC.

lNa 10 ovykekpiyévo Tomo e€oTHIOTPA YPNOLHLOTTOOVVTOL VA0 KUKAIKHG
datopng oto peyoAvtepo péEpoc. Q0TOCO, YPTOILOTOOVVTOL Kot opBoymvikol Kot
oPdh avhol yua edikég epappoyés. Tomkd peyedn eEntepikdv Srapétpov avimv, Tov
YPMOLLOTTOOVVTOL O eVpeieg epappoyes, eivan 5/16, 3/8, 1/2, 5/8, 3/4 xor 1 in (7.9,
9.5, 12.7, 15.9, 19.1 xar 25.4 mm). Ov avroi datdocovial eite 68 KAUOKDTEG
Satagers, oxnuatifovtag wwémrevpa tpiymva ite oe in line datdels, oynuatioviag
opBoyaviae. H mpotiuntéa pébodog eivar n mpdtn. H andotacn (didkevo) tov aviov
nowciiel and 0.6 wg 2.5 in (16 w¢ 64 mm).

O1 avloi £yovv mrephyla katd éva cuveyn TpOmo, Le YPNON ETITESOV TAAKADV
ov eykabiotovrol pe Tumikég mokvotnteg and 4-14 mrepvya dva ivroa (1.8 w¢ 6.4
mm oandotacn ava mrepvyo). Ot YapnAOTeEPeEg TIHEG TUKVOTNTOG TTEPVYI®ONG (TT.%.
Mydtepa amd 10 mrepiyer dva {vtoa) YpNOHOTOLOOVIOL G EQPAPUOYES YOUNATS
Oeppokpaciac, onmg YoEn, 6mov pmopel vo GYNMUATICTEL KPOVOTH TEYOL Kol OC
OGULVETELY, VO UTAOKEPOLY Ta KavdAia. Ot peyahdTePES TIHEG TUKVOTNTOS TTEPVYIMENG
YPMOLOTOLOVVTOL GE EQAPLOYEG VYNAGTEPNG Beppokpaciag, Omme KAMPATIoLOS, 6oV
ot VOPUTHOL OTO PEVUN TOL CEPC OTOUAKPVVOVIAL OTTd CLUTVKVOON NG LYpAcig,
napd and dnpovpyic whyov. AAheg okéyelg Tov Ttpémet va Aapdvovtal voyn Katd
N ¥pNon TTepLYinV, elval ) Ttdon mieong Adym tpiPng ko n péAvven, Adym okdvng
v mopaderypa. To ndyog TV TAAKOV TOL YPNCILOTOOVVIAL Vit TO CYNUATICHO TOV
ntepuyiov mokiler and 0.004 o€ 0.017 in (0.09 wg 0.42 mm). Ta Aemtdtepa nrepiyLaL
CLYKPATOUV AlYOTEPO TO TTEPUYLO KO YL AVTO, WAPEXOLY UIKPOTEPT) EMPAVELD EXAPTIC
Yoo LETAS00T) BEpUOTNTAG.

Ov omeipeg amotehobvial OmG TOAAATAG LOVOMATIL CWANVOCE®V 7OV
Satdocovial og oyfuo oepravtivag (ekoeldés) kot pdiioto kébeta mpog ™ pon
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Kegpaharo 2: EEatpiotiipeg Kal cUHAUKYOTEG CUATIHATOV KALLATIONOD

0V aépa. AdY® TOL HEYEAOVL EVPOVG TV EQUPUOYAV TOVG Kal AOY® TOV TEXVIKOV
OV YPNCIUOTOOVV Ol KATACKEVAOTES, VRAPYEL anePOPIoTOS aptfudg datdsewv Tov
KukAOpatog. Mepikovg xavéves yia m dapdpomon éxer mpoteiver o Hogan®. Ta
Tapddelyna, po EVEPYN MALLPAE TG ORMEIPAC TPEMEL VA MEPLEYEL CUYKOAATILEVES
GULVOEGELG KOl TOVG ALAOVG E16030V Kat K630V, EVD e TadNTIKY) TAEVPE TPETEL Va
nEPLEYEL HOVO TIG KAUTES TOV avAdv (oxmua 2-6). Ot aviol mpénel va datdocovion
ot KMUaKOTEG OEPEG oynuatiloviag woomievpa tpiyove. Movomdtia opopporg
npénel va oynuatilovial OCTE Vo SHOPEAOVOVTAL TEPIOYEC CLUUETPIAS GTOV
gvaliakt. Avtd eivar onuoviikd Yy T OWTNPNON CYETUKG OTabEpdV
Bepuokpaciok@v Saeopdv om onelpa, MOV onuaivel 0Tl OTMOTPETOVIAL GVIGOL
pubuoi petadoong Bepuomrag. O Hogan ermiong mpoteiverl 6Tt 0 evadhdkmg Tpénet va
éxer ™ dvvatdémra dwipeong oe povadikovg subheat (tunpatikovc) evarliixktes, mov
déyoviar ioeg mapoyés yukTikod kat 0 Kabévag mpémel va TEAEI@VEL O TAGKQ
dapopeTikn and avty wov apyiler Avo mapadeiypata @aivoviar 6to oYfUa TOV
akorovBei. To éva 1kavomoiel TOVg KUVOVEC aVTOVS, EVD T0 (AL TOVS Tapafidler.

?\CJ -, 9

--nq;)
I

—
rae
A

-—a Zpa 2-7: Hepadeiypota

-y 1N - TAPUOEKTOV KL 1) TAPUOEKTAOV
L] ] | - I 4
& L v/g. KUKAOPATOV GUAGV.
I 71 {
|Il /1_:, i o ’?
& G ——
l&] Accaptanle (0] Unacceptable

H gicodog ot oneipa tov eatompa pumopet va yiver amd Evav tpryoedn
COMVOL 0TV TEPITTOON HIKPOV YUKTIKOV CLOTNUATOV (HikpoTepa amd TovVo),
LIKPOUE TEPLOPIOTIKODG cwANVeS, otowma 1 Beppootatikég Barfideg extoévoong. O
TPLYOEWdNG cwAfvag £xel yaunAd xO0TOG Kol TMPOTIHATUL OE EQPUPHOYEG TOVL O
eEaTIIOTNPOG AEITOVPYEL GE TMEPOPIOUEVO EVPOG OYEdCTIKOV ovvBnkdv. Ta mo
TOAG KMUOTIOTIKG OMTIOV Kol Ol OIKIaKOl WUKTEG AETOLPYOUV HE TPLYOEIdES
owifves. Or Beppoctatikés Parfideg extovmong £xovv to TAEOVEKTNUA OTL eival
Kavég va elEyyovv v £€0do vaépBeppov atuov and tov egatotpa, pubuilovag
m pony uéoa otov eatmotipa. Tumkd, ou Oeppootankés Parfideg extévooNg
puBuilovy v vrepOépuavon oty £Eodo tov efatmompa and 6 og 12°F (3.3 og
6.7°C). Avtég 01 GUOKEVEC YPNGLLOTOLOVVTOL OE UEYAADTEPE GLOTAHATE YWHENS Kau
KMUATICHOV.

*Hogan (1980) The development of a low — temperature heta pump grain dryer. Ph.D. thesis, Purdue
University.
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Kepalaro 2: EZatpioT|peg Kol GUPUAVKVOTEC CVOTIPATOV KAPATICHO0D

Iypae  2-8: Tumky oncipa
sgaToTiipa RE GUGKEDT)
EKTOVOOTNG Kt dtavopsa.

Or peyaddtepot eEQTHIGTIPES TTOV
epodialovtal pe BepLocTATIKEG
BaAPideg extdvaomng Exovv
TOARATAG KUKAGDUOTO Héoa oTnV
0wt omeipa. ‘Evag dwavopéog
TonoBeteiton avipecsa ot PaiPida
EKTOVOOTG KOl T1) OTEIPQ UE OKOTO
VoL TPEYEL I0EC TOCOTNTES WYUKTIKOD
o€ ke kKoxhwpa. Ot davopleig
amoTEAOVVTAL amd aVAODG LIKPNG
Swapétpov, icov peyiboug ko
unKovg, yia va eEac@uAilovy Tov
id10 mepLoplopLd Yo T por] Tov
KOPEGUEVOL PiYHATOS aTUOD — LYPOD
TOV YUKTIKOD S1péGon To
davopéa.

Epocov o1 eEaTIoTipeg oYV AEITOVPYOLV KAT® amd To onueio dpoécov Tov
aépa, vypacic cvAAéystor kot otpayyyiletar amd ™ omeipa. o ) cvhrioyn g
vypaciog Tov otpayyiler amd  oneipa, pio Aekdvn npénet va tomobemBel 610 KATO
LEPOC TNG OTEIPAC, LE TN OVVIECT TNG OMOYETELONS Vo TOMOBETEITAL OTNV KATAVTT
mhevpd g oneipog. o peydhovg egotpiomipes, 0mMG vo amoitodvVIalL GPKETEG
rexdvee. Tlpémnel va amogevyovtor vrepPolkés taydinteg aépa mov Hmopel va
CLUTEPAGVPOVY TNV VYPACIO KUl VO TN LETAPEPOVV TUPUKATH CTO KOKAwa. ' 10
Adyo avtd, ot taydmTeg Tov afpa mpénel va eivar and 400 wg 500 fpm (2.03 wg 2.52
m/s), Y10, V& GTOQEVYETOL O CUUTOPACVPHOC TOV CUUTVKVMUATOG.

Abyw tov Sweopomomoewv ot oneipeg tov eatpiompav, Ba frav
adOvOTO VO TEPLYPAQEL MO OVIITPOCMOTEVTIKY OMEipa yu OAEG TG EQAUPHOYES.
Qotdoo, 010 oyfue omewovifoviar opwopévae and ta Poowkd eEaptipate, OTwG
aLAO1, TAGKES KOl GCLOKEDT] dlavour|c.

Xt embueveg mapaypdopovs Ba mopovcotody pEBOSOL LVAOAOYIGHOV TMV
BepUIK@OV aVTIOTACE®V OGN POT BEPUOTNTOG QVAUESH GTO YOKTIKO Kol TOV aépa.
Avtéc o1 avTioTdoelg gival amapaitnTeg yia TOV VTOAOYIOUG TOV OAKOU GUVIEAECTN
uetddoong Oeppotnrag amd v egicwon 2-1. Ov Bepuikég avtiotdoeg mov Ba
ocv{nmbovv edd, oyetilovTal e TOVG CUVTEAEGTEG HeTddoaomg BeppoTnTog HESE GTOVG
oAOVG, TA TTEPVYL TOV DAMY KOl TOVG CUVTEAESTEG HETAdOOTG BeppdTnTag amd my
TAEVPE Tov aépa. Mo okoun Beppikn avtictaon mov pumopel vo vrapyel (0t OpU®G
anapaitnte) oyetiletol e OTPOUATO TEYOL KOl QUAL VEPOD OV CUUTVKVAVOVIUL GTO
pEdULA TOV OEPT.

2.3.2. METAAOXH GOEPMOTHTAX KATA THN EEATMIXH TOY
YYKTIKOY MEZA XTOYXZ AYAOYX

O ovvtekeotig petddoong Beppomrag v tnv eEdtuion pEca oTovg AvAolg
TPETEL VA VTOAOYLOTEL TPV TOV TPOGSIOPIOHO TOV OMKOD GUVTEAESTY peTddooTg
Beppotrac. pw v emhoyn) pag cvoyéniong mov Ba ypnoipomombei, o oyxediactig
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Kegdahoo 2: EEaTHIoTI|PES KAL CUPUTVKVOTEG CVGTIHATOV KAPATIONOD

TPEMEL VO LAPEL DTEOYT) PEPLKE YOpAKTNPLOTIKG TOL eEaToT P, TOV EMNpedlovy N

petadoon Beppdtnrac.

1. Ovavkoi Tov e€atpiotpa gival opriovTion

2. Ot xopmég g emotpoeng eivar adwPatikég, yoti tomobetovvtal E€w amd to
pevpa Tov aépa.

3. To wuktkd «KOAOTTEL TO TWANPEG QACHA TWV  UNXOVIOUOV  Ppacpov,
nepthapPdavoviog 10 Ppocpd mopfveov ce xapniés mowdmTeg kol 10 Ppaopd
g&atpiong (convective boiling) og vyniég mordmrec.

4. Ta ocvviOn yoktika eivar R-11, R-12, R-22, R-123, R-134a, R-502 kot appovia.

Xpnotpomolovvtat Kot Aot avAol Kot EVIoYLEVOL QVAOL.

6. Ztov gfotpiomipa, poll pe TO WYOKTIKO OVOULYVOETOL KOl ATOVTIIKG OF HIKpEG
CUYKEVIPADOELC.

Oo TOPOVCIHCTOVY OPKETEG GLOYETIOELS YoL TOMKY petddoot Beppomrog

Katd mv e€dTpion oe Agiovg kar oplovtiovg aviovg. Ot cuoyetioels avtég Exovv

emkvpwbel yioo to mEPLOCOTEPE AMO TO CLUVHOM WYUKTIKE. TNV TPAYHATIKOTNTO,

pEYGAO £0pOg SESOUEVAOV Y10l TOL WUKTIKA XPTCLUOTOMBNKE Y10 TV TOPAYMYT CVTOV
tov cvoyeticemy. Ot cvoyetioeg avtéc sivar Tov Shah™ | Kandlikar’, Gungor &

Winterton'® 10 ka@opd WokTiKG. ATOTEAEGHATA Y10, YUKTIKE OV TSPIEXOVV Kal

Mmoavtikd emiong mopovolalovial, eV ATOTEAECUATO YO EVICYVHEVOLS GLAOVG

napovodlovtal oe @Aln evotmta tov Pifiiov tov Kakac. Emedn) ta dedopéva yia

HETAQOPE BEPHOTNTUG OF EVIOXLUEVODS CLAOVG GLVNOMG TAPUTEUTOVY GE LETASOOT

Beppomrag oe Aeiovg avholg, oL cuoyeTioelg mov o TAPOVOLIGTOVY Eival EUPECHG

EQUPUOCLES Y10 EVICYLHEVOVS OVAOVG.

LN

2.3.2.1. MONO®AZIKH METAAOXZH OEPMOTHTAZX

Epooov omnv €£odo amd tov efotpiotipa Pyaiver vmépbeppog atpoc,
OLOYETIOEIS YWt povo@aoikn peTddoomn Bepudmrog sivon emiong amapaitmteg Y
oyeSOTIKOVE VIOAOYIOHOVS. AVO HOVOQPUOIKEG CLOYETIOELS OV EYOVV GE UEYAAO
Babpod emxvpwbdei amd nepapotikd dedopéva yio WokTikd, eivat tov Dittus & Boelter
(McAdams'") ka1 tev Petukhov & Popov'?. H epneipia tov ovyypogpéa (Pate M. B.)
pe Ow@opeTikd WYuktikd, omwg Tta R-12, R-22, R-113 ocvuwviotd 1 ypnon g
ovoyétiong Petukhov & Popov, mov diver o akpipn) anoteréopata, pe amdkiion 5%
and mewpapoatikd dedopéva. H e€iomwon twv Dittus & Boelter yur ta 0o dedopéva
éyel amokhon 10%.

2322METAAOXH OEPMOTHTAX KATA THN EEATMIXH I'TA KAGAPA
YYKTIKA

LYLXETIXH SHAH

’Shah (1976) A new correlaton for heat transfer during boiling flow through pipes. ASHRAE Trans. 82
66-86.

¥Shah (1982) Chart correlation for saturated boiling heat transfer, equations and further study. ASHRAE
Trans. 88 185-196.

*Kandlikar (1987) A general correlation for saturated two-phase flow boiling heat transfer inside
horizontal and vertical tubes. 1987 ASME Winter Annual Meeting, December 14-18.

®Gungor & Winterton (1986) A general correlation for flow boiling in tubes and annuli. /nt. J. Heat
Mass Transfer 19(3) 351-358.

"McAdams (1942) Heat Transmission, 2" ed. McGraw Hill, New York.

"Zpetukhov (1970) Heat transfer and friction in turbulent pipe flow with vanable physical properties.
Advances in Heat Transfer, Vol. 6. Academic, New York.
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Kegpdlaio 2: EEaTuotiipeg KAl UPTUKVOTEG CUGTIHATOV KAHATIGPOD

To 1982, o Shah avémtvée plo e&iowon ovoyétiong omd pio moroidTepn
ovoyétion Baoiopévn oe Sidypappa’®. Avty n cvoyétion eival epupudoun o 3
TePLOYEG  Ppacpon: mupnvav, pe egdton  (cuvayoyn]) Kol GTPOUATOUEVOC
(stratified), omwg amodelkVOETUL OO TN CLVAPTNCWNKI] CYECT TNG CULCKETIONG LE
apkeTong odidotatong aptbpong, 0w o apBuog Froude, o upBudg Bpaocpod kou o
apbudc cvvaywyhc. Onwg avapévetal, oe yapniéc modteg deomdler o Bpaopdg
TUPTVOV, EVH o LYNAEG TowotNTEG KVpropyel 1 ovvaywy. Ia opilovia por, n
ovoyetion tov Shah eivau:

h
£ - 2.9
h,

omov h; eival 0 oVVTELEGTNG CUVOY®YTS YO TNV TEPITTM®OT TOL OAO TO PEVOTO Elval
og vyp1| edon. ['a Tov vroloyopd tov hy €xovv avartvyBel apketéc cvoyetioes. O
6pog ¥ vroroyiletan pe v akoérovdn Swdikaoio:

N =0.38Fr™°Co 2-10

INa N>1:
¥, =230B0%°,Bo >3*107° 2-12

¥, =1+46B0"°,Bo <3*107° 2-13
I 0.1<N<1:

Y, = EBo®e*™™ 2-14
IN'a N<O.1:

Y, = EBo®¢*™"" 2-15

5

H tyn tov ¥ eivar n péyrom tov ¥y, xar ¥, 1 Wy,.. H otabepd E e€aptatar amd tov
apduéd Bpaopov, Bo:

E=14.7,Bo>11*10" 2-16

E =15.43,B0 <11*107™* 2-17
Kot 0 optBpdg Ppacpo sivat:

Bo=-—*_2-18

e
O apiBpoi svvaywyng (Co) xat Froude (Fr) vrohoyiCovtat wg e€n¢:

Co = (=505 (Ly05 219
x P
(';_2
Fr=—— 220
P, gD
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Kepahaio 2: ESatniotiipeg Kat 6UPTUKVOTEG CUOTUATOV KAMPATIONOD

O mapoandve efiomoelg mov Ppiokovv epapuoyf ot cvoyétion tov Shah
gyovv ypnoomomBel extetapéva yra Yyoktikd, énmg R-11, R-12, R-22. ['w ta 3 avtd
yukTikd, o Shah avapépel péoeg amoxhiosig Tov 23%, 6tav cVYKpivel TN cLOoYETION
LE TELPOUATIKG dESOUEVA.

YYXXETIZH KANDLIKAR
H ovoyénon mov mpoteiver o Kandlikar’® emiong AapBaver vroym ta 3 &idn

Bpocpot mov wpoavapéptnkav. H cuoyétion sivar:
!—}:P- = ¢,(Co)* (25Fr,)™ +c,(Bo)™ F,, 2-21
!
Av Co0<0.65, to1e:
C,=1.1360
C,=-0.9
C,=667.2
C,=0.7
Cs=0.3
Av Co>0.65, to1¢:
C,=0.6683
CZI'O.Z
C3=10580
C=0.7
Cs=0.3
omov h; eivon 0 ovvTeEReoTC CLVAYWYNG Y TNV TEPITTMOT OV GA0 TO PELOTO slvat
ot vypn edon kot Bacileton oe pia poper g e€icwang Dittus & Boelter:

B = 0,023 2 Do By
m D
ITbavég emdpdoeig otpopatonoinong g pong Aoufdvoviar vwdyn pe ™
ypron tov apbuod Fr. Ov cuvieheotéc D, wg Dy opilovion and tov Kandlikar. And
O\eg T1¢ ovoyetioelg yo eEdtion pEoa o aLAD, avtr| eival 1 o eOKOAN Yo ¥prion
kal 0 ovyypaeéag (Pate M. B.) t Bempel afromo, pe fdon molvdpibues cuykpicelc
LLE TTEWPAROTIKG dedopéva.
LYZXETIZH GUNGOR & WINTERTON
H ovoyétion tov Gungor & Winterton'® mpofjbe omd por peydn Pdon
dedopévov mov meplauBave YokTikd aloyovavipokeg, onmg R-11, R-12, R-22, R-
113 ko R-114. H Baocikr) popen g cvoyétiong sivat:

ki 522

hy, = Eh +Sh,,, 2-23

omov o h, Baciletar otnv mponyovuevn popen g ekicwong Dittus & Boelter (g&io.
2-22). Ot dAlor Topdapetpol g eEicmong sivat

e XLVIEAEGTNG eVioyvaong, E.

pool

E=1+24%10"Bo"" +1.37(—')°-3° 2-24

xrr

e llopdyovtag cuykpdnong (supression), S.

1

S -6 2 117 2-25
1+1.15*107" E° Re;
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Kegpdaiaro 2: EZatpiotiipeg Kal gUpnuKvOTEG CUSTIRATOV KMPATIONOD

e Opog otaoipov Bpacuov (pool boiling), hpyyy.

hpoof — 55 PrO 12(_ logw Pr)—O.SSm-O,Sq[}.ST'

Eniong, otig e&icdoeig Guppetéyel kat ) mapapetpog tov Martinelli, x,;:
¥, & (l—'i) 9 Layos Leyoi .96

X Py Hy

H nopdpetpoc tov Martinelli eivor mapdpoto pe tov apbud cvvaywyng, Co,
OV YPTNOLLOTOOVV 0L GAAEG dVO CLOYETIOELS, POVO OV €0M AapuPavovial vdyn Kol
70, 1EDO).

[Na yapniovg apBpode Fr oe poég opilovrion cminva, Fr<0.05, ot Gungor &
Winterton ovvictodv Tov moAlamiociooud tov E xar S, avniotoiywg, pe toug
ax6iovBovg dropbwTikovs TapdyovTes:

E, = Fpl%~27) 207

S, =Fr 2-28

YYT'KPIZEIL XYZXETIZEQN

O Tomikoi cuvteAEoTEG HeTAdOoNG BEPUOTNTAG Y10 TIC TPELS CLUCYETIOELS OV
TOPOVCLAGTNKAY, CUYKPIVOVTUL GTO ETOUEVO SLAYPULLULA.

H obyxpion yivetor yuo pony péoo oe avid tov wuktikov R-134a, evig
gvolhaxTiko® yoktikov tomov HFC, mov dev emmpedler 10 6lov 6co0 ot
yAopopBopdvBpaxkeg (m.y. R-12). 1o ddypoappa, to €0pog g moldTNTOG Eivon amd
0% w¢ 95%, mov KOAOTTEL TO HEYOAVTEPO HEPOG TV CLVONK®OV OV EMKPOTOVV OE
évav eEatpiompo. o ) olykpilon, emAEXTNKAV TUMIKEG TWHEG Yo TNV TWOLPOYN,
Bepuokpaocia, didpetpo aviov kal pnkoc aviov. Ov cvoyeticels twv Gungor &
Winterton kot tov Shah koataAyouv GTOUG HEYOADTEPOVS KOl TOVG WIKPOTEPOVG,
avtiotowa, cvvtéieateg petadoong Bepudmrac. Ta amoteléopata yio T GUOYETION
tov Kandlikar Bpiokovtor kdmov avdpeco otg GAleg 2 ocvoyeticels. Amod 10
ddypappa, TapoTNPovVTAL SIUQOPES Yl TIG TEPLOYES Ppaciod mupivay Kot Bpacuov
ue ovvayeyn (e&dtuon). Emiong, eival mpogavég 6Tt o1 cuvTeAeoTég Yo Ppacpd pe
gEdton avéGvovTal e TNV TotoTNT, AGYM VYNAOTEP®V TOYVTNTOV PONG.

« 107
3 T Jea: Tl R CRNTN N T & T o
Eviporaton I
Local Heot Transter Cogthcient
Mass Flux, 100 ka, (m* s}
7 |~ Tempesalurs, -5C ™
" Tube Diameter, 8 28 mm 1 i -9
E - TubeLebeh Sm - Exmm 2-9:
R R _ Tomkoi
E T ™ GUVTEAECTES
A S % petddoong
s &l S Oeppénrag
; T poi R-
- e ] 134a péoa
= L pr— = o€ VA0,
——— Shah (1962)
- Kandliker {1587)
. === Qungat and Wintercn (1986} -
0 TN [T CONTNPS W] 1] o S SO, (D0 RIS S O VEaT
0.0 02 0.4 0.6 o8 [Ev

Cuakity
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Kegpdlaro 2: EEatpiotipeg Kal gupmukveTég CUGTIRATOV KAIPOTIONO0D

*x10°
8 LA I
- Evaporation
 Averape Heat Transfer Cosfficent
Quality Change 0% to 100%
- - Temperatura, 5%C s
¢ | Tube Diameter. 6 26 mm -~ =
= Tuba Langth, 5§ m T
Zyipa 2-10: > [ e //
Méaot | ,_<.f--‘/
OUVTEAEGTEG e R
" B E g
petadoong < AA
OsppiéTnTac Yia Z
2 5 s
pon R-134a péca . .
o€ 0VAd. S o
Legend
Shah | 1862]
= Kandlikar [ 1987)
= = = Gungaor and Wintaron { |D86]-|
o:-l-1;'--':;|}x|i[
Q 100 200 300 400 500

Mass Flux, kg /im? s}

Al pia odykplom, pmopel va yivel pE OAOKAP®ON TOV TOMK®V
OLVTEAEGTOV UETAOOGTC OEpUOTNTOG GE OAO TO UHKOG TOV (LAOD, YO VO TPOKVYOLV
LECOL GUVTEAECTEG. XTO OYNUO TAPOLCIALOVTOL Ot PECOL GUVTEAECTEG UETAOOOTG
Beppomrog, ©g cvvdptmon g palikng mapoyns yw to dwo péyebog aviov. Ia
ualuc mapoyr 100K g/(m’s), mov YPNOLLOTOMONKE KOl Yo, TO TPONYOVHEVO
Sudypoppa, AiveTol 1 CLHEWVIA TOV HEGHV GUVTIEAECTMOV LE TOVE TOTKOVE.

Aappavovtog vroyn g afefaidmreg mov oyetiCovral pe ™ Swpaoiky pon
kat 1 petadoon Beppotnrag, ot 3 cvoyetioelg divovy amoteréopato mov Ppickovrat
QPKETE KOVTE UETAED TOLG. TNV TPOYUATIKOTNTO, APKETEG HEAETEG TOV TAPEABOVTOG
gyovv Oeifel OTL AVLTEC Ol GULOYETIGEW HmOpoVvV He GUVETEW Vo TPOPAETOLV
ovvtedeotég petddoomng Oepudmrag, upe amdkion +£20% omd  TMEPAPOTIKG
dedopéva'>4

EITIAPAZH TOY AIITANTIKOY XTH METAAOXH GEPMOTHTAX

To Amavtikd, TOv YPT|CLLOTOLEITAL GTO GULUMIESTY, KuKAOQOpel pall pe o
YyokTikd péco amd Oke Ta efapTHOTO. MOV OmoTEAOVV £€va ovoTnuo  WOEng,
nepthapfavopuévon kot Tov g€atuiotipa Kat Tov cvurvkveotn. H cvykévipwon tov
MTOVTIKOD, TOV KUKAOQOPEL GVOKATEUEVO HE TO WUKTIKO, TBavOToTo ToKilel amod
02% g 10%, avéloye pE TOV TOMO TOL OLUTMESTH] (.. TAALVOPOUIKOC,
TMEPLOTPOPIKOS) KOl avaioya HE TOV av vmapyer daywplomis Aadiov. Qotdéco, 1
TPOYUATIKY] OCUYKEVIP®OT TOL ATAVTIKOD HECH oTOV €EQTUIOTIPAE KOl TOV
CUUTVKVOTH UTOPEL VoL Eival LEYOADTEPT) AT TN GUYKEVIPWOT TOL KUKAOPOPEL GTO
O0ho KOKA@UO. AVTH 1) UEYOADTEPT) CUYKEVIPMOT) EIVOL OTOTEAEGHO TOV AEMTOV
CTPOUGTOV PEYUADTEPOL 1EMSOVG, OV Elval TAOVOLN 68 MTAVTIKG, KUl KUKAOQOPODHV
TEPLUETPLKE YOP® A0 TO ECOTEPIKO TOLYOUN TOV BVAOY OF HOUKTVALOEST CYNUOTICUO

KOL LLE PIKPN TayOTN T

BSchlager, Pate, Bergles (1988) Evaporation and Condensation of refrigerant — oil mixture in a smooth

tube and a micro — fin tube. ASHRAE Trans. 94(1) 149-166.
"“Eckels & Pate (1990) An experimental comparison of evaporation and condensation heat transfer

coefficients for HFC-134a and CFC-12. /nt. J. of Refrigeration. To appear.
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Kegdalaio 2: EEatpioti)pec kKat oUPTUKVAOTEG CUOTIHATOY KAPATICHOD

M Aemtopepric pekém g emidpacng TOLV AmavTikov oTn peTddoom
Beppomtag and tov Schlager et al.'*!318 ¢3eife 611 o Aelo avrd, o1 cuviekeotic
uetadoong BeppodTnrag NTav vVYNAOTEPOL OTaY 6T0 WUKTIKO £iye mpootedel Aadt. Na
napaderypa, or ovvieheotés avinbnkav g kot 35% (oe oUykpion HE TOUG
ovvtereoTég Yo kKabapd yukTiko), kabmg 1 cvykévipwon Tov Aadod avéRbnke ag
2.5%. Le peyadvTepPEC GUYKEVIPMOELS Aadlov, Ol CUVIEAECTEG APYIOUV VO HELDVOVTAL,
Mote Ot oLyKevIp®oel, Aadov 5%, ot ovvieheotég va eivar pdvo xatd 15%
HEYOADTEPOL T®V OULVIEAESTOV Yia kabapd yuktkd. O embpeves cvoyetioelg
HTOPOVV va ypmotpomomBovy amd 10 oxedwotr, @Ote va Aneboldv vméyn Ta
amoteréopata g vraping Aadov ot petadoon Beppdmroag katd myv e£dTuion ot
Aeiovg aviove. N Aadt 150 SUS xar yuktikd R-22'6:

TE =12 _{17.7Wo-2.86Wo" -0.0496G") 2.99
xan Yo Aadt 300 SUS ko yoktikd R-22':

= 1.038W0[4.9%G'-3.ﬂ} 2_30

O mapayovtag evioyvone, EF, aviavexid mig aAAayég OTOUC GUVTIEAECTEC
petadoong Beppomrag, Adye g mapovosiag Aadwov. O deikteg vIOdNAMGVOLV TOVG
GUVTEAEOTEG METASOOTG BEpUOTTAC IOV YPTCLOTOLOVVTAL Y10 TOV VIOAOYIOUO TOL
EF. INa mapaderypa, o deiktng s gival 0 cvviedeonc petadoong Bepudtnroag oe Asio
coAva Yo kabapd YukTiKo, EVA 0 SEIKTNG S avamaploTd ATAVTIKO AVAUEUTYHEVO HE
10 YukTikG. H ovykévipwon tov Aumavtikod Wo gival to khdopa tov AmavTikod mov
avoUryVOETaL PE TO YUKTIKO péca otov eCatpiotipa. Iepapata i to R-22, édeifav
ot N T avth eival Tepimov 3 Popég peyarvTEPT) MO TN CLYKEVIPMOT) TOV HiYHATOG
MTavTikod — yoktikod mov péet katd tnv e€dtion. H paluay pon, G°, g
nponyovuevnc ekicmong kavovikonoteitar ota 300 Kg/(m?s).

E&iomogic mov Aapfavouv vmoyn tnv enidpacn TV MmavTik@v Youv emiong
avapepBel kat yur dAha yoktikd, 0mog o R-12. Opwg, dev mapovsidlovtal kupinmg
AOY® TG TOAVTAOKOTNTAS TOVG,.

EF,

s'l's

2.3.3. EIIAYEHEXH THX METAAOXHYX OEPMOTHTAX MEXA XTOYZ
AYAOYZ

Meydhog aptbudg texvikdv éxer mpotabel yw Pertioon g amddoong g
g€atpiong péoa otoug avrovs, TEPAapPAvovVTas TPAYELES EMPAVELES, EKTETOUEVES
EMUPAVEIEG KAl HEPIKEG CUOKEVEG OTPOPIAIGHOD NG POTIC. LTO OYNHa EMOEKVIOVTOL
oplopéva TapadelyoTa yia TiC TEXVIKES QUTEG.

O tpoyeiéc emedavelieg mov @aivovtal eivar £vOeta €MKOewdr cvpuata,
E0MTEPIKEG Omeipeg ko kvpatoewdeic avioi. Tumkd mapaderypa cvokevng
otpofrhiopon eivar n EvBemn mepiehioooOuevn Touvia. Avtég o1 2 TPMTES TEYVIKES OEV
gxovv TUYEL gvpeiag YPNONG O eQapupoyég Yokng, emedn n advdnom oty TTOOT
TEGTC OV WPOKAAOLV Eivar TOGO peydin, mov avuiotabuiler 10 6¢Qelog and v
gvioyvomn g petadoong Beppdtnrag. H mrdon micong otoug avdovg tov eCatpictipa
npénel va ghaylotomolsitar, Aoyw g emlnuag emidpactic TG OTO OCUVIEAESTH|
an6doong COP.

'SSchlager, Pate, Bergles (1989) A comparison of 150 and 300 SUS oil effects on refrigerant
evaporation and condensation in a smooth tube and a micro — fin tube. ASHRAE Trans. 95(1).
'*Schlager, Pate, Bergles (1990) Performance predictions of refrigerant — oil mixtures in smooth and
internally finned tubes. II: Design equations. ASHRAE Trans. 96(1).
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Kegpdlaro 2: EEarpiotiipeg Kot GUUTUKVOITEG GUGTNLATOV KALLATIGHOD

Hedcal Wire nsan Internad Thresd

= Swurl Flow Device
DS =<
Twsied Tapo insen fo] pa 2-11:
Hapadeiypnota
TEYVIKOV Y10
Beirimon tng
am6d0o1g TG
gEarpong (ko
SVOPTOKVOOTG) néca
GTOVG AVAOVG.

Annuta Oftset Strip Fibbon Fins interapcung Fine

Avtifeta pe Tig 800 TPONYOVUEVEG TEXVUKES, Ol EKTETAUEVES EMPAVELEG EYOVV
TOYEL EVPVTATNG YPNONG OE ePupHOYES WOENG. [lapadelypota g TEXVIKNG QUTHS
paivovtar 610 oyfua. Eival trepdyia vynhod mpoeik, pikpomtepvyla, daktulioedn
wtepvyle  tOmov  Tawieg kKo dwwoTavpovpeve  mrepvywe. To  mo  ocuyvd
YPNOLLOTOlOVpEVO £180¢ glvar 1o pikpomtepvyo. Emurdéov, delyver dvvapukn y
akoun peyaivtepn ypnon oto péllov. To pikpomtephylo £xeL Kepdioel ™
dnupotikdmTd oL Y0 2 Adyovg. Ilpdtov, pmopei va avEncer tovg cuvviereoTéC
petddoong BeppdTog Katd Ty eEaTiion and 2 g Kot 3 QOpPEG G GUYKPIOT) LLE TOVG
Aeiovg aviovg. Agbtepov, Ol T TOAAEG TEYVIKEG Evioyvomng omaitodv eETpd LAKO
oOANVOOE®V (T} XOAKO), OV AVEAVEL TO KOGTOG TOV EVIGYLUEVOL GLAOV. Q0TOGO, 0
QVAGG pE HIKpomTEPUYR Omaltel EAGYI0TO, iomg Kal Kaborov, emmpodcodeto LAIKO
colnvacemyv. O avhdg pe pikpomtephyla amoteieitol amd 60 — 70 mrepvyia pe vy
armd 0.10 g 0.20 mm ko ywvieg ehikaong and 10° wg 30°. To oyfiua g Kopveng
Kal TG Kowadag Tov mrepvyiov pmopel va elval eninedo, oTpoyyvAho 1] awyyunpo. Ze
EMOLEVO OYNUe TopaTiOevtal TPeEg OPOPETIKEG OYELS TUMIKAV OVADV e
LKPOTTEPVYLLL.

Tympa 2-12: Tpeig dwagopeTikég dyelg
TUTIKAV QUADY PLE HIKPOTLTEPVYLA.

H mo xovtivi] teyvikn otov QLA pe
MKPOTTEPDYLDL (A0 TS TEXVIKEG EKTETULEVNC
EMPAvelng) eivar avAdg pe mrepdy vynAov
mpopil. Qotdco, avtol o1 2 avioi dweépovv
KaTd TOAY oTOV aplpd TV TrepLyiv Kol TO
vyog tov mrepvyiwv. o mapaderypa, ov mo
molrol avrol pe mrepdye vynhod mpoeik Exovv
Mydtepa and 30 mrepvywa kot Vym mrepuyiov
novew aro 0.4 mm.
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Kegalato 2: EEaTpiomipeg Kl COPTUKVOTEG CUCTHATOV KALPATIGROD

®o mopovolacTovy dedopéva amddoong yio petddoon Oepuotntoag kotd TNV
gEdtion o€ aLAOVG LE HIKPOTTEPDYLD, MDOTE O CYENWOTIG VO UTOPEL va EKTEAECEL
vroloyopolg oyxedacpod evaArdktn Beppudtnrog. Avtég o mAnpogopieg eivor
EQOPUOCLUES KOl G EEQTUIOTIPEG BLADY — kEADPOLG Tumov DX (dpeong extovmong).

H napovoiaon tov dedopévev amddoong dwpeitar o apkeTOoNg TOUEIS.
[Ipdra, oxedidloviar oxedoypdpupata tov mapdyovta evioyvong, EF, mov opiletar wg
70 mMAiko TOV GUVTIEAESTH PETAOOONG BEPUOTNTAG TOV EVIGKVHEVOL OVAOD PO TO
OLVTEAEGTN TOVL avTioTovKEl o Aeio cwAnva 1w6odvvaung SrapéTpov, o€ moPOUOLEg
ovvOnkeg pong. Avtd o oxedoypdppata eivol yio SlQOPETIKES YEMUETPIES dLADY
HE MIKPOTTEPVYL, DOTE O CYXEONOTIG VO KATOVONoel Tdg aArdlel 1 amddoon Y
durpopetikovg Tomovg pikpomtepuyionv. H enidpaon mg dopérpov tov aviod oy
anddoon, eniong mapovotaletal. Tedkd, koAvmteton kol 1 enidpacn otnv amddoon
™G avapéng AmavTikod 1e TO YUKTIKO.

M Aemtopepnic olykpion 3  SWQOPETIKOV YEMUETPLOV GVADV UE
wikpontepdyle avagépetor amd tovg Schlager et al'”!®. Apopd ocwAfvec ue
gEotepikn ddperpo, OD, ion pe 9.52 mm (3/8 in) kot 12.7 mm (1/2 in) kot YokTIKO
R-22. Ot daotdoels v avAdv mapatifevial 6Tov Tivake Tov aKoAovoEi.

Avioi 12.7 mm Av20i 9.52 mm
Agiog | Mikpont | Mikpont | Mukpont | Mikpont | Mikpont | Mikport
gpOyo 1 | gpdyro 2 | epiyro 3 | epdyro 1 | epvyo 2 | gpdyro 3
d, [mm] 127 12.:# 12.7 L2 9.52 9.57 52
imax 10.9 11.7 11.7 11.7 8.92 8.92 3.92
[mm]
t [mm] 0-0.90 0.50 0.50 0.50 0.30 0.30 0.30
f [mm] - 0.30 0.20 0.15 0.20 0.16 0.15
n - 60 70 60 60 60 60
B I’ - 18 15 25 13 15 25
Ai/Aiv - .51 133 1.39 .55 [.38 [.43

Ilivakag 2-1: Awootdoeis TOV QVAOY e umpomapﬁyla'?‘ls.

Ov mopayovteg evioyvone, EF, yio tic 3 Sweopetikéc yewpetpieg twv
LKPOTTEPLYIWV KAl TIG 2 SPOPETIKES SLOUETPOVS TV OLADY, orekovilovial 6To
Mdypappa wov akorovbel. Ot apiBuoi 1, 2, 3 Tov SypPAUUATOS OVIIGTOL(OVY GTOVG
1, 2, 3 tov wkportepvyiov Tov mivaka. [Ipénel, dpwg, va onuewwdel 6Tt o1 kKapmTdAeg
AVTEG TPOEPYOVTAL OO TPocupLoyn, Le T nébodo SPLINES, apketdv meipopatikdy
dedopévav, mov mepiExovv afefardtneg, Adyw g gdong Tov mepdpaTog. Adym g
omovdatdmrag g afefardmrag Twv TEapdToY, eEdyeTal 6Tl 01 EMBPAoES OO ™
dpetpo TtV aLAOV kot T yeoperpio eivar deviepedovoeg. o mopddeiyua, ot
nolikh mapoyn G=250 Kg/(m?s), mov eivar meployn 6mov ot 2 S1apopeTikéc SidueTpor
gmraivmovial, o EF yu 6hovg toug aviovg 9.52 mm mowiler and 1.6 wg 1.9, evd o
EF y1a 6Aovg tovg aviovg 12.7 mm né@tel otny mo otevn Lovn ond 1.7 wg 1.8.

"Schlager, Pate, Bergles (1989) Heat transfer and pressure drop during evaporation and condensation
of R-22 in horizontal micro - fin tubes. /nt. J. Refrigeration 12 6-14.

"®Schlager,: Pate, Bergles (1989) Evaporation and condensation heat transfer and pressure drop in
horizontal, 12.7 mm micro - fin tubes with refrigerant 22. Proc. 1989 National Heat Transfer Conf.,
August 6-9, Philadelphia.

P Avahoyia ™G ECOTEPIKTG EMPAVELLG TOV OVACD UE HIKPORTEPVYMGELS TPOG TNV ECOTEPIKT| ETIPAVELL
7OV Agiov VA0V TOV EXEL TNV 01t PEYIOTT ECMTEPIKT| SLANPETPO.
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Kegdalaio 2: EEatpioti)peg Katl supnukvetis SUOTIRATOY KhipaTiopod

Amd 1o oynua e&ayetal 6T o EF elattdverar 6co avéavel n palikn mapoym.
M mbavr) e€nynon eivar, 611 660 avidver o apiBuodg Reynolds, n topPn mov
TPOKAAEITAL QMO TC MIKPOTTEPVYR Eival AlYOTEPO GMHAVTIKY), CUYKPWVOLEVT] HE TO
eninedo TOPPng oto Aelo cwAfva, pe oamotéhecpa, Heimon TG evioyvomg ot
petadoon BeppoTnTog.

24 . S | — —

4 ——= 12.7-m Wwbe
s ——+= § B2.mm tubes
22 AY
*
e N
_ , 20} S m Y _
Zyqpa 2-13: Hapayovreg e g ]
evioyvong (EF) yia 3 L E R TR
OraQopeETIKEG YEOUETPiES - S i
aVAOV pE PIKPOTTTEPVYLL ) j
Kot 2 S10QOPETIKES 14
61apétpovg”‘w.
12} Evaporaton
F - ¢.5-0.6 MPa
L [ NS N WS WO WO T Y W S S - B THNN Gl BT
] 00 200 360 400
G kgsim?® s

Ta mapondve dedopéva umopovv va ypnoyuoromboidy amd 1o oyediactn pe 2
tponovg. Ilpdtov, ov o evorhdktng Oeppomntag oyedootel pe avAoVg e
pikpomtepylr dwapétpov, OD, 3/8 in N 1/2 in, pe YEOUETPIKEG TAPAUETPOUG
TOPOLOLEG e TOV Tivaka, TOTE Ol Tapdyovtesg evioyvong, EF, pnopodv va Angbodv
angvbelog and to Sdypappa, ywa v embount) palikn mwopoyn. Agdtepov, o
oyedotg umopei va emexteivel tovg mapdyovieg EF tov Swypdppatog, v
HIKpOTEPEG N Kol peyaddtepes Swpétpovg avidv. Eedcov o EF eivar acBevnig
GLVAPTNON TNG SILUETPOV TOL AWAOD, HICL TEXVIKY EMEKTOOTG TOV SESOPEVOV TPETEL
Vo 0mOdGMOEL KavomomTikd. Xnuewdvetar, 6t av ko o EF dev eivar woyupn
oLVAPTNOTN TNG SWUETPOV, O CUVTEAECTNG HETAd0oMG BepudTnTOC HéSE GTOV QLAO
givar ocuvdptmon tng dwpétpov Tov avrov. H eridpaon tng Srapétpov otov awld
uikpontepvyiv Aapupdvetar vwoyn pe Tov moAraniaciacpod tov EF pe 1o cvvieheom)
pet@doong Beppomrag yoo Aelo awAd (o ovviekeotng avtodg petaPdiietal yio
S1OoPETUKES SIAUETPOVS AVADYV).

[Mopd v mponyoduevn perétn, odha kor Ghheg peléteg, dev £xel vadpéet
HeEAETN OV va givol TOGO CUCTNUOTIKY Yo MOWKIAIL YEOUETPIOV LIKPOTTEPLYIWY,
®o1E Vo uropolv va avartuyBovv yevikég cvoyetioels. TEtoleg ovoyetioelg Ba Nrav
eEQIPETIKA YPNOLUES Yiot TO oxedwaot], 610 0Tl Ba propovoe va emAEEel Tig axpiPeic
daotdosig Tov aviod pikpomTepuyimv (Ty. yovie glikwong, oyxnua KopLENG Kat
KOWadog, aplbpd atepuvyiov k.o.), mov Ba PerticTromoovcav TV omwOS00T TOL
EVOAAAKTN BepuoTnTaG Y1 Piot cLYKeKPILEVT eQappoyn. EEGAov, pe Tig ediohoeig
avtég, Ba pmopovcav va yivovv vmoroywopol yia kabéva and Tovg THMOVG AVADV
HIKpOTTEPLYImV, OV Sl0TiBEVTaL amd SLLPOPETIKOVG KATACKEVASTES, Yo Vo Ppebel o
MO KETAAANAOG TOTOG Y10l EYKATAOTAGCT).

Efapetikng onuaciag eival to amotedéopata g perétng twov Schlager et
al.?® yio VMO pE WIKPORTEPVYID, WE YEOUETPIO TLMKY YW TOVG AEPIGGOTEPOUG

2Schlager, Pate, Bergles (1989) Performance of micro — fin tubes with refrigerant — 22 and oil
mixtures. ASHRAE J. November 17-28.
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Kepaiaro 2: E atpiomiipeg Kal GUPAVKVOTEG CUGTI|PATOY KALPATIONOD

KOTOOKEVAOTEG. AVTOS 0 avhOg a&loroynBnke ywa xabapd R-22 xar yoo piypota
MravTikoD — Yok TikoD yio 2 dapopetikd €D Tov Aadiov (150 SUS xar 300 SUS).
Xpnowomombnke ovAOg LE UIKPOTWTEPUYIR, TOL Eixe T0 €ENMC YUPAKINPLOTIKG:
gEwtepikn duapetpo, OD, 9.52 mm (3/8 in), 60 ntephywa pe vyog 0.2 mm (0.008 in)
kot yovieg eMkoong 18°. H avénon g emodveiag o oyéon pe Asio avrd
woodvvaung dwapétpov Nrav 1.5 opéc. Ta amoteréopota ywo palikf pon 300
Kg/(m?s) divoviol otov emduevo mivaka, yia 4 Si0popeTikéc cuyKevTpdoel Aadlov,
nov givar 0%, 1.25%, 2.5% xa1 5%. O napdayovieg EF, mov aivovtol otov wivaka,
Baciloviar o cOykplon Twv SEGOUEVOV YL TOV QLAO HE TO HIKPOTTEPDYIR LE TQ
dedopéva yo tov avtiotoro Aelo avrod, pe T id1eg cvvBfkeg, kat do 1EGON Kar
OUYKEVIPDOOELS Aad1oD.

[Hapapetpog ZOYKEVIPWON 150SUS T  300SUS
Aadiov %o
[Tapayovtog 0 2.05 2.05
gvioyvong EF 1.25 2.00 1.95
2.5 I.7 1.90
5 1.75 1.85

Mivakog 2-2: Asdopéva amédoons  yia avié pukporTepuydocoy pe kabapd R-22
Kol Kol piypota novtikov ota 300 Kg/(mzs).

Me Bdon tov mivake ovTtd, WMOPOVV VO YIVOUV OPIGUEVEG YPTOLUES
napatnpioeis. INa mapdderypa, ot EF perdvovtar pe v mpootnkn Amaviikod oto
yoktikd. Emmiéov, ot EF dev givat woyvpr| cuvapmon tov iEddovg tov Aadio, av kat
givor eha@pdg peyahvtepor yie to Aadt 300 SUS, mov éxer peyodvtepo Eddeg. O
oyedlotg pmopel va Kavel yprion tov dedopévov tov mvakae 1) va avatpéget o
Biproypaoia!>132°  yia  mepiocdtepe  dedopéva. Emiome, otn  ovvéyswn  Ba
TMOPOVCLOOTEL Uio cvoyétion yio v eméktaocn tov EF tov mivoka kot og GAheg
palikéc pogg.

M yeVIKT] LOVOTOPUUETPIKT) CUGYETION, YVWOOTH MG MAPAYOVTAS EVIOYVLONG
(EF) o¢ cwvépmomn g pollkig pofic, éxer avopepBei ot Biprioypapia's. H
ovoyétion avt Paciletoar o kapmOAn mov Tpocapudlel kahvTepa Ta dedopuéva TOV
EF, yi0. S10Q0pETIKEG YEMUETPIEC QVADY UE HKPOTTEPVYLY, OTTME OVAPEPOVY APKETOL
EPEVVITEG. e OLEG TIG MEPMTAOGELS TO WUKTIKO Mtav R-22 kol n e€mtepikn didpetpog
v avAdv 3/8 in (9.52 mm). H euneipikn oxéomn mov npoékvye, givat:

-0.32
EF :[ G 2-31
EE, G,

Encidn 1 oyxfon ovm £€3eife wavomre va ovoyetiler dedopéva  amd
SLaQopeTIKES peréteg, Ba NTav tKavomomTik Yo oxedond elleiyel meplocdTEpmV
dedopévov. Qotooo, toviletor Eova oTL n axkpifel avtig g ocvoyétiong eival
neploplopévn Yot 8 Aapfdaver veoyn v enidpacn and SPOPETIKES YEMUETPIES
pikponzepuyiov. T ) ypnon mg egicwong avmg, amuiteitol 1 Yvdon TovAGLoTOV
evog mapayovta EF og dedopévn palikn mopoyn. Qg dedopéva g e&iomong, pmopodv
VoL XPNOLULOTTOmNB0vV 0L TIHEG TOV TPOTYOVUEVOD Tivaka, aAld kot OAng Tng EVOTNTAG.

Ot peréteg mov avaeépBnkav eivar 6Aeg yio To yoktikd R-22 pévo. O hoyog
givon OTL opkeTd cvvnBn yoktikd, mov eival yhwpopBophvepokeg, 6mwg to R-11,
amOGVPOVTAL TOYOTUTE, AOY® TNG KOTAOTPOPIKNG TOVG EMOPACTS GTO MPOCTATEVTIKO
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Kepdhao 2: E€atpiotiipeg Kar upmukveTi SUOTHRHATOY KMPATIOR0D

oTpOpo. Tov 0loviog. g amoTEAECHO, OEV GVOHEVOVTOL OTO UEAAOV EVOAMAKTEG
Beppomntag mov Ba ypnowwomowovV TETOW WUKTIKA. ¢ TOPO, TG YUKTIKGE 7OV
avrikatéomoav to R-11 kor R-12, ocvyvd emovopalodpeve kor ®¢ evoAlOKTIKA
YUKTIKG, dev €xovv dokipootel oe owhovg pe pukpomteplOy. Méxpr vo yivel
dwbéoun avth N TANpoopic, cLVIGTATAL Ol 6YESIOOTEG Vo, YpTGLLoToovY tovg EF
OV TMAPOVCLAGTNKAV TPOTNYOUREVS, AKOUT Kol OTav oyedidlovv yio. eEVOAAOKTIKA
YUKTUKG.

2.34. METAAOXH GEPMOTHTAZX AIIO THN IIAEYPA TOY AEPA

X1ig oneipeg TV eEATIOTHPOV (GAAL KOl TV CUUTVKVOTOV) 0t TNV TALLPE
TOV a€pa, YpNoiLoroodvIol Kuping kukhikoi avlol pe ttepvyo. EEaipeon amotehoty
ov gfototipeg Yo kApotiopd oynudteov. Ov mhdkeg TV TTEPLYI®V OV
YPMOWOTOOVVTIAL amd TNV TAEVPG Tov aépo pmopel vo €youvv emimedn (plain)
EMPAVELD, EMLPAVELD LE KUPOTAGELS NLTOVOELS00E Lop1iS 1} louvered emodveio. 1o
oYU TOV 0KOAOVOEL VITAPYOVY TAPASETYHATA TETOLMV EMLPUVELDV.

r-— Tynpo 2-14: Mepadsiypata
Atr Flow - EMQOAVELDY TTEPLYIOV TOV
| AP CILOTOLOVVTUL ATO TNV TAEVPA
Plain Fin = TOL aEpa.

(a)

H oepa pe v omoia
nopovordlovral eival n cepd Katd
™V omoia av&avetar  amddoon otn

petddoon Beppdtnrac. Qotdco,

amorteitol emmpocbetn
KOTACGKEVOGTIKY] TPOOTABELD Y10 VL
Wavy or Corrugated Fin TOPULOPEmBEL 1) ETPAEVELL KOl VO
(Sine-Wave) TAPEL AVTO TO GYTLL 1, OTNV
(o) TEPIMTWOT TNG KATEPYROIOG

louvering, va avoiyBovv oyLoUES
OTNV EMPAVELQL. LTNUELQVETAL, OTL OV
Kol av€dvetar 1 anddoor g
petadoong Bepudtnrog, emiong
avEavetal ko 1 TTOOT TeoNg omd
TNV TAELPA TOL a€Pa, P KoL T

Ay Fiow

Wawy or Corugated Fin ; : i
(Standard or Trianguiar) OTTOLTOVHEVT] LOYUG TOV GVEULOTTIPA

ted (fan).

H ovlfimon yw ™ petddoon Bepudmmrog amd v mAevpd tov aépo Ba
opyovebel yOpw amd Tovg 3 TOUTMOVG TV EmMPAvEIDV TV ATepuyinv. ITapdiinie, o
ov{nmBovv m dnuovpyic vypaciog kar mEyov, £mewdr] kot ov dVo mEPTOCEL
odnyodv oe dnuovpyia emmpdobetng OBepuuic avtictacns. Ilepiocdtepeg
nTAnpoQopieg yio. T petddoon Bepudtnrag amd TV TAELPE oV 0fpa, propovV Vo
avalnmBovv ot pBpa tov Webb?h22,

*'Webb (1980) Air-side heat transfer in finned tube heat exchangers. Heat Transfer Eng. 1(3) 33-49.
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Kegdhato 2: EEatpioTi|pes KAl CUPTUKVAOTEG CUGTNRATOV KALPATIOROD

2.3.41. MEAETH I'TA ZIIEIPEZ XQPIX YI'PAZIA KAI [TAT'O

Oo TapovoleTOVV CUOYETIcES T / Kot Swoypdppote pe dedopéva yu
petadoon OeppdmTag amd TNV MAEVPA TOL AEPQ, OF OMEIPEG YWPIg VYPUTIn, Y TOVG
3 tomovg miepvyimv mov avaeépBnkav vopitepa. Ta emineda mrepvyo Exovv
peletnBel  mepiocdtepo, EmEWN MOV 0 WPATOG TOMOG  WIEPVYIO®V OV
ypnoponorinke. EEdALov, N avamTuEn YEVIKEVHEVOV CUGYETICE®V Y10 COATVEG UE
emineda TTEPHYIL NTAV EMTVYNG, EXEWN UTOPOHV VO, TPOGSLOPIETOVV HE YpTion Aymv
povo petafintdv. AvniBétme, dev VTAPYOVV YEVIKEVUEVEG CLGYETIOELS OVTE Yiol
EMQAVEIES PE oVAaK®OOEG oDTe Y louvered mrepvya, Adyw TwV TOALAPOU®Y
TAPOUETPMOV TOV OTALTOVVIOL Y0 TOV TPOCOIOPIOHO TOVG. XTO EMOLEVO GYHQ
gaivovtol emimeda TTEPOYIM MOV  YPNOWOTOWVVTIOL GE EQPUPHOYEG WOENG Kol
KALOTIOHOD.

Xynpa 2-15: PoTtoypagia nrepuvyiov
pe eximedn em@avela mov
LPNCYLOTOLOVVTUL GE EQUPHROYES
YOENS KL KAMPOaTIopov.

[Na to Bépa g petadoong BeppoTTog amd TV TAEVPA TOL aépa, PE XPTIOT
eminedov miepvyimv, éxovv epyootel, petofd GAAwv, ou McQuinston and Tree®,
Rich?*?3, McQuinston?® ka1 Kays and London?’. Ot mio moAAéc amd avtéc Tig pehéteg
aPOPOVCAY EVOALAKTES TECOAPMV GEPDV LE TIG TAPUUETPOVS TOV EMOUEVOD TIVOKA.
AvTég oL TElpOPATIKES peléTeg elval onpaviikés, eneldr] oxedov Oreg oL GLCYETIOELG
g Pifhoypapiag mpoépyovion ancvbeiog and t Paon dedopévav 1), ToLVAd ICTOV,
gmPefordvovial pe I xpnomn e

““Webb (1983) Heat transfer and friction characteristics for finned tubes having plain fins. In Low
Reynolds Number Flow Heat Exchangers, Kakac, Shah, Bergles (eds.), pp. 431-450. Hemisphere,
Washington, D.C.

BMcQuinston and Tree (1971) Heat transfer and flow friction data for two fin-tube surfaces. J. Heat
Transfer 93 249-250.

¥Rich (1973) The effect of fin spacing in the heat transfer and friction performance of multi-row,
smooth plate fin-and-tube heat exchangers. ASHRAE Trans. 79(2) 137-145.

PRich (1975) The effect of the number of tube rows on heat transfer performance of smooth plate-fin-
tube heat exchangers. ASHRAE Trans. 81(1) 307-317.

*McQuinston (1978) Correlation of heat, mass and momentum transport coefficients for plate-fin-tube
heat transfer surfaces with staggered tube. ASHRAE Trans. 84(1) 290-308.

P’Kays and London (1984) Compact Heat Exchangers, 3" ed. McGraw-Hill, New York.
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Kegalaro 2: EEatpioTipeg KUl CUPATVKVOTEG CUCTIRATOV KAIUATIONOD

d Awakevo t[mm] | S/d | S/d | ApwOpog | Bifhoypagikn
[mm] | [rrepdyra/pétpo] CTELPDOV avagopa
10.2 315 033 | 249 | 216 1 Kays and
London?’
T2 305 040 [ 222 | 2.58 1 Kays and
London?’
10.4 157, 551 0.16 1.69 | 1.95 2 McQuinston and |
Tree?
13.3 I15-811 0.I5 | 239 [ 2.07 8 Rich*
9.96 157-551 015 | 2.2T [ 255 5 McQuinston?®

IMivakag 2-3: Iepapatika dedopéva yio evairakteg Oeppotnrac 4 ssipov.

2T OVLVEXEW, TOPOLCIALOVIOL QPKETEG CLOYETIOEIS Yo OMEipeg Ywpig
vypaoic. H cvoyétion tov McQuinston?® yia evaddéim 4 cepdv avrhdv pe Ttepiyi
TAOKGV (emineda mTepVYIRL), OE OPOVS TOL BOIEGTATOV TUPAYOVTA |, Elvar:

5 =015
Jarew =0.0014 +0.2618 Re;""‘(i;j 2-32
O opBpédc Reynolds Baoiletar oty e&wtepuc| didperpo Tov aviod. O Adyog
emPaveldV eivar T0 TMAIKO TG OAKIG EMUPAVEING TPOG TNV EMPAVEWN WG
oTolEuddovg ovotoyiag avidv (bare tube bank).
Ot Gray and Webb?®, ypnowomoidvrag ta dedopévo Tov mivaka, avéntoEay
aidn po egicmon Yo oneipa 4 cElpav.

;o N-03502 . 00312

Ju.. =0.14Re™3 —;_J [I‘SJ 233

H cdykpion avtdv 1ov dVo cvoyeticewv pe Paon to dedopéva tov mivaka
diver amohion rms ppdtepn amod 10%.

INa oneipeg mov dev £xovv 4 celpég aVA®V, oKoAovBolVIaL SUQOPETIKES
Swdwcacieg, avaroyo pe 10 av 0 aplOpds TV GEPAV Eivor PEYOADTEPOG 1] HIKPOTEPOG
and 4. Na mopaderypa, n tekevtaio egicwon (Yo 4 oelpéc) eival eQaproOGILT Kol Yo
nEPLOCOTEPES amd 4 celpég. Avti 1 mopatipnon motonomdnke and tovg Gray and
Webb?, cuykpivovtag to amoteléopata g ebicmong pe melpapaticd Sedopéva yia
evolAakTe S oepdv kot 6 oepdv. Avtd 1o dedopéva, pdliota, dev eiyav
ypnowomomnBet katd v apyki] avartuén g cvoyétiong tove. INa Aydtepeg and 4
oelpég, ot Gray and Webb cuvictodv v tpomonoinon g e&icmang, wg eEng:

J4'HI'~I i

S 403 10-607(4-N)
- 0.992{2.24 Re"’-"”[% ] ‘ 2-34

%McQuinston (1978) Heat, mass and momentum transfer data for five plate-fin-tube heat transfer

surfaces. ASHRAE Trans. 84(1) 266-293.
®Gray and Webb (1986) Heat transfer and friction correlations for plate finned-tube heat exchangers
having plain fins. Proc. Eighth Int. Heat Transfer Conf. August 17-22, San Francisco, pp. 2745-2750.
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Kepdalaro 2: EEatpioti)peg Kat cupmukvoTEG GVGTNUATOV KAMPATIoNoD

omov N eivar 0 aplBudg twv oepdv Tov avAdv. ZTo Sidypoppa mov okoAovde,
yivetar ovykpion g napomdve sEiocmong pe nepapatikd dedopéva tov Rich®, mov
ypnoomomndniay yia v apykn eEaymyn g eEicwong 2-33.

5 6 B 9 10 5 20 5 X
am2 F
0.011 .
0010 7, - 2.08Re . Exf]],lll 2-16:
0.008 |- : XOyKkpLon TV
=Bl | npoflenopevaov
E 0.007 |- TIHAV TOV j B
& 0006 | TEWPARATIKA
0005 b ¥ N - 3—Expenmental ¥ R 6860“8’\’0. YL 4
a N - 2—Espenmental ! ey - .
& M= | - Expenmantal N Gﬁlpﬁg (l'l.)l)ézlg\' 11
o | ' o R = Mybrepec™ .
3 5 B 7 B 8 W 15

Reynolds Number (DG./u) x 10 ?

Ta enimeda mrepvy pmopodv va TpomomoinBovv gha@pds pe depyacisg
TONWONG PeTGAL@V (stamping), yio va GYNUOTIOTOOV KUPATOEWEIS Hoppég mTepuyinv,
dnhadny aviaxoedn oxfuata (corrugated 1 ripple). Tuvavidvial 1660 MuITovosdeic
600 kol Tprywvikég (wedge-shaped) popeég mrepuyinv. X10 MOPOKAT® OY LA
eaivovtal pepikés KULATOEWELG empdveleg TTEPLYiI®V OV Ppickovy epapuoyn otnv
Woén kat Tov Khpatiopd.

Ened] o1 yeopetpleg OSw@épovv  ehappd om0 KATACKELAOTH| OF
KATOOKEVOOTY), OYEOOV OAEG Ol MUAMIOTEPEG PEAETEG Y10 KLHATOEWDN TTEPLYIX Eival
W10TIKNG eKpeTdAAevoNG. TNV Tpaypatikomta, ot Bifloypagio vadpyovv povo 3
avaeopés dwabéopneg yio mepapaticd dedopéva petddoong OeppoTnTag Kol TTMOCTG
nigong®®?12, H Sabeoipdtra ovoyeticemy mov AauBavovy vmoym YEOUETPIKEG
TOPUUETPOVG elval akdun mo onavia. Yrdpyouv povo cvoyetioels tov Beecher and
Fagan’?> yia mtepvyla wedge-shaped oe Sievfetiioeic Tomov evodAGE. Adym g
amovoiag xpfiowov eliodoewv, pepkol oxedlaoTés ePappolovy  Tapayovieg
gvioyvong otig e€lodoelg Yoo 1o eninedo TTEPVYLN, TOV TOPOLCLAGTNKAY O TPLV.
Yrofétoviag 6t o mapdyovrag oavtdg PBaciletar eite omv sumepio eite o€
TPaypaTKa wepapata, propel va fonbnoet va Anebel vmoyn n avEnpévn petadoon
Beppomrag, mov mpokakeital and CAAAYEG EMEAVELNG KOl SLOKOTEG OTO TEPAOUOTA
mc pofic. To mopddetypa, n mpooéyyion tov Fischer and Rice®, 6mov
ypnotpomomfnke mapdyovtag evioyvong 1.45 Evav tov eninedov nrepuyiov.

H efiowon mov avémtvEav ov Beecher and Fagan®? ywo wedge-shaped
(tpryovikd) mrepdya, mmydler amd mepdpate o GQVAGKOEWN MIEPVYM, HE TIG
aKoAovOeg YE@UETPIKES TOPANETPOVG:

o Aldtagn mrepuyiov ava Siapnkn oepd avidv (Np) - 2, 3 ko 4.

Hauser, Kreid, Johnson (1983) Investigation of combined heat and mass transfer from a wet heat
exchanger. II. Experimental results. ASME-JSME Thermal Engineering Joint Conference, March 20-
24, Honolulu, Hawaii, pp. 525-535.

'Johnson, Kreid, Hansen (1983) A method of comparing performance of extended-surface heat
exchangers. Heat Transfer Eng. 4(1) 32-42.

*Beecher and Fagan (1987) Fin-patternation effects in plate finned tube heat exchangers. ASHRAE
Annual Meeting, June 27- July 1, Nashville, Tenn.

BFischer and Rice (1981) A steady-state computer design model for air-to-air heat pumps.
ORNL/CON-80, Oak Ridge National Laboratories, Oak Ridge, Tenn.
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Kegpdlaio 2: EEatpiotipeg Kol COUTVKYOTEG CUGTNHATOV KMPATIONOD

Bd&bog nrepvydoewv (Py) —0.457 wg 3.157 mm.

Avdkevo niepuydoemv (wy) — 1.956, 2.388, 2.794 mm.

[Tvkvomto TTepuyiy (Yo ttepvyo maxovg 0.127 mm): 236, 343, 398, 480.
Eyxdpoio didkevo avidv (P) — 25.4 ka1 31.75 mm.

Avgpetpoc aviav (D) — 7.94, 9.53, 12.7 mm.

Yelpéc avidv (N,) — 3.

Zypa 2-17: PoToypagic KUPATOEWOV EMIQUVEIOV TEpLYiV mov Ppickovy
EQUPROYN oTNV YOEN KL TOV KARATIGHO.

[Na nig mponyovpeves mapapétpovs, ov Beecher and Fagan ypnoyomotinoay
LETOMKEG TayOTNTES 3 ¢ 4.6 m/s, OV avTIoTOLOVV OE UEYIOTEC TAYVTNTES TOV AEPM
avapeca ota trepvyw, and 0.9 wg 6.6 m/s. Or adidotator apBpoi Nusselt (Nu) kot
Graetz (Gz), ©g GUVAPTNOT TOV TPONYOVHEVOV TUPUUETPOV KAl TOV GLUVONKOV pong,
APNCOTOMBNKAY Y@ TO OCULOYETICUO TOV TEWPUUATIKAOV dedouévov. Avty 1
TPOcEYylon €ival  Sl0QOPETIKY) ONO TNV TPOGEYYISN TOV TAPEYOVIQ j, TOL
YPNOLHOTOWONKE YI0 TO GLOYETIONO emimedwv TTepvyimV. AdY® TOL peEYGAoV
apOpod tov mopapétpwv, ot Beecher and Fagan émpene va avortdéovv apketd
drapopetikd oet apketd mordmhokwv eEilcdosmv. O avayvOoTNG TUPATEUTETAL GTO
épyo twv Beecher and Fagan®? yia tic Aentopépeieg tov cuvOnkdV, mov pmopody vo
ypnoponomboldy yia oxedaoTikodE VIOAOYIGHOVE, oV Ta TTEPVYLL KOl 01 GUVOTKEG
PONG OVITKOLV GE EPUPLOCIULO EVPOG.

Ta louvered wtepdylwr pmopovv va emithyovV LYNAOTEPN amddoor ot
petddoon Beppdtmrag and Ta emimeda ko To Kvpatoedn atepdyia. To avidiiaypa,
oumg, elvor M peyaAbtepn mTdon mieong kol To  evdexOpeEvo plmovorng amd
eEwtepkong  mapdyovieg, OTAV TO. TTEPVYWL YPNOLHOTOOVVIOL OE BpOHIKO
nepiPdrrov. H poérvvon ovpfaivel og amoTéAECHA TOV GYICUAV KUl TOV QUAXKOCEMY
OV £YOVV HVTEPEG YwVieg, Omov peydia Eéva copatidr euiakilovtal. Ta louvered
wrepvyia oynuatilovial k6Povtag kat oynpatiloviag ecoyés ot emineda nrepvya. Ot
EMPAVEIEG TTOV TPOKVATOVY SPEPOLY GTO GYNHa, TO PEYEBOG, TOV TPOCUVATOAGHS
NG CYLOUNG, TNV GIOCTACT] TOV 1) CYLOLUT] AVUCTKOVETAL TAVE GmO TNV TAGKE Kol av
Olec ov oyopéc avaonkdvovtar opowdpopoa. Ta louvered mrephywn emiomg
ava@épovTol kat mg strip, slot kot offset strip. Z1o mo kéte oyxfqpe eaivovrol pepikoi
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Kepdalaio 2: EEatpioti)peg Kal GUUTUKVOTEG CVOTRATOV KAPATION0D

tHmot avtdv Tav nrepuyiov. O Webb* mpoteivel xémolo Siaympiopd otig ovopasiec,
ue Baon v opolopopeia e v omoia avacnkdvovtar kot Avyilovy Ta nTEpiyLa.

Zypa 2-18: Potoypagia
louvered nrrepuyiov wov
LPTGLHOTOLOVVTAL GE EQUPROYES
WYOENS Kot KApaTicpo.

H petadoomn Beppuomrtag evicydetal Mg GMOTEAECUA TNG TAPOVCING GYETIKA
HIKPOV CYIOHAV KOl QVACKOGE®YV, oV dakomtovy 10 opakd otpdua. Kabe gopd
OV CLVAVTATAL U0 GYLOUT, TO OPLaKO oTpdua Sacmdtal Kot petd Eavaoynuatiletal.
To 1ehko6 anotéleopa ivar 1 EKAETTUVOT) TOV OPLAKOD CTPOUATOS, TOL KOTAAT]YEL GE
avénon Tov TomKoD cuvTehEsTN petadoong Bepudmras. Qotdco, 1 exkAEnTUVOT TOL
oplakod oTpduatog, avEaver 10 cvvtekeot TpPng, f, yeyovog mov avEdaver v
ntdhon nieong kabhdg péer o aépag.

ApKeTEG HEAETEG TOV aEOAOYOUV TNV AmOS00T AVTAOV TV TTEPLYIOV (Strip)
avapépovrar otn Piploypagia. o mapaderypa, o Hosada et al.* avagéper avénon
60% otovg cvvteheotég peradoong OBeppodmntag ywe ta louvered mrepvya, oe
GOYKPLON HE Ta KVpaTIoTh TTepiyia. Qo16c0, pévo 1 pekém twv Nakayama and Xu®
avaeépel g ovoyénion mov Ba pmopovoe va ypnowpomownfel oto oyedwoud
gvolaktdv Bepudtntac. Avérto&av cvoyeticelg yw Tovg mapdyovies j kou f,
LLOVTEAOTIOLMVTOG TIG TOTKEG SIOKVUAVOELG GTOVG CUVTEAECTEG PETAd0oTG BepoTTag
Kot eEGYOVTAG MECOVG GUVIEAECTEG Yo OAOKANPM TNV EMPAvEI TOV TTEPLYiov. H
ovoyétion tov Nakayama and Xu sivau:

Jj =0.479Re™ F; 2-35

OOV

1.24 <
e Re “41.097 -
J ¢.|' [5

a

g
Fj =1+1.093*1o’[”—-’
5

a

209
J ¢:.26 Reo,uu 2"36

H dievBémon ywe v omoia epappuoletal avty 1 cvoyETion @aivetar 610
TAPAKATD CYUC.

%Webb (1983) Enhancement for extended surface geometries used in air-cooled heat exchangers. In
Low Reynolds Number Flow Heat Exchangers, Kakac, Shah and Bergles, (eds.), pp. 721-734.
Hemisphere, Washington, D.C.

3Hosada, Uzuhashi and Kobayashi (1977) Louver fin type heat exchangers. Heat Transfer-Japanese

Research 6(2) 69-74.
*Nakayama and Xu (1983) Enhanced fins for air-cooled heat exchanger-Heat transfer and friction

factor correlations. ASME-JSME Thermal Engineering Joint Conference Proceedings, March 20-24,
Honolulu, Hawaii, pp. 495-502.
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Kegpdalaro 2: EEaTpioTipeg KUl CUPTUKVOTEG CUGTIHATOV KAPATIONOD

O ﬂ“ﬂ ] Tyipa 2-19:nl;zz)&sizzi;:.svwxvpévou

MO M| . om wewor sesiomn o
axolovOel, @oiverar o x

O Ev:HﬂH GQ o avapeca ct(gv mpa:dvco 07(20(;” iﬁ?v;g

TEpapaTKe dedopéva Yo 3 SoQOPETIKEG
.y EMPAVEIEG TTEPVYIWY TOTOL Strip Kot pie
gninedn emedaveln Ttepvyiov.

|§'

H emoavewn I éxer 3 Aopideg oe xabe evioyvuévn Ldvn kar 2 cepéc avimv,
eved n emoavewa 11T éxer 4 Aopideg kar 6 oeipéc aviav. H emodvea I Swpeitar oe 2
EMPAVELEG e S1oPOopeTIKO Pripa trepdywong, 2.5 mm yw v [-A ko 1.9 mm yia tnv
[-B. Eniong, avomapictator n wcavomre evioyvong oe oOykpion e to eminedo
ntepdywr. o mopdderypa, o ovviedeomg j yw v emodvewn I sivar 150%
peyaAdTEPOS amd TV eninedov mrEPLYioL, Y ap1Bud Reynolds 1000.

Alhov epevvntég £xovv  yprolpomouioel opfuntikég peboédovg yir vo
HOVTEAOTOMCOVV TN UET@doon Bepudtntag and avtd Tov TOTO TTEPLYioL. AVTEG Ol
HEAETEG £XOVV EQOIACEL TOVG OYESWOTEG PE TOADTIUEG TANPOPOpPIES Yo €idN PoTg
xar @awoueve ponc 8. Qotdoo, eEartiag g moldmhokng evoNG Mg HeTEdooT
BeppOTNTOG KAl TOV POMV OTA TTEPVYLA OVTE, amalteital emmpocOet epyacia Tpiv o
apBuntikég pébodot ypnoiponoinBovv oo oyedacpo.

0.05 ” 0.05
o Experment
a = PFredicton

! ooz - Q.02

Enhanced Il

0.0

0.005

0.0062

' Zypa 2-20: Zoykpion
npofremdpevov
TOPayOVTOV j pe

rEwpopaTcd dedopdva’s,

0.005

| 0,00z

- D.005

“ 0002
0 005

2.3.5. METAAOXH OEPMOTHTAX I'lA ZIIEIPEX ME YT'PAXIA
Zta onueia mov n Oeppokpacio g emAvELng TG oneipag Tov eEatuioTpa
TEQTEL KAT® amd To onueio dpécov Tov afpa, T VYPACia TOL GEPR CUUTVKVAOVETUL.

*’Kadambi, Giansante (1982) The effect of lances on finned-tube heat exchanger performance.

ASHRAE Trans. No. 2741, pp. 85-95.
*Bemisderfer (1987) Heat transfer: A contemporary analytical tool for developing improved heat

transfer surfaces. ASHRAE Trans. 93(1).
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Kepahaio 2: EEatoTiipeg Kal SUPTUKVOTEG CUOTNUATOV KAPNATIGHOD

Kato and avtég tig cuvOnkeg, n em@avelo tng oneipag omd v ahevpd Tov aépa
vypaiveton kot 0 e€atpioTipag ava@épetal og vypn oneipa (wet, moist). H oneipa
tov g€oTpotpa tpa e&unnpetel T durhn Astovpyla Tng WiEng ko aglvypaveng
To0v aépa. Avaloya pe TG Tomikég Swkvpdveelg g Beppokpaciog and TV mAevpd
TOV 0Epa KOl TNV GPYIKY TOV vypacia, vypaiveral gite éva tunipo g oneipag site
0AOKAN PN 1 onteipa.

Ady® TG TOATAOKNG YVOTG TV VYPAOV CTEPAOV, HTOPOVV Ve YIVOUV APKETEG
mapadoyés wkatd v efaywyn ovoyeticewv kal eEicdoswv Y avdivor. Ot
mwpoceyyioelg mov éxovv yivel dlau@épovv apketd petald tovg. Mepikég amd avtéc Tig
mpoceyyioeic eivar Twv Fischer and Rice®®, Threlkeld® xat Stoecker and Jones*. Avri
Y10, VO TAPOVCIACTOVV EEI0MGELG, Ol omoieg eival moAvTAoKkeg kat mokilovy avaioyo,
pe Tig mapadoyEg otig onoieg atnpilovratl, Ba yiver povo pa yevikn oulitnon ya my
OTOPLAKPVVOT] TNG VYPOCING KAl TV apUypaveor).

H napoveioon vypaciog otig emedveieg amd mv wAevpd o0 aépa emdpd ot
petddoon Beppodrag pe 3 tpomovg. [lpdtov, 10 cupmiKVELA TG VYPACTNG EVIoKVEL
M ovvaywyn amd Tov afpa OTlg em@dveleg Tav wrepvylmv. Avt 1 evioyvon
mBavotate opeilerar oto 611 10 oTpdpO Vypaciog dnpovpysl po avdpoin 1
TPOYELL EMPGVELD TAVE 0T Ao EMpAvE TOL TTEPLYioV. Avo TapOpolES EEICMTSIS,
nov eivarl dwbéoyeg otn Bifioypaeia, kol Aapfdvovv vrdyn avtr Vv gvioyvon,
gtvor ou e€nc*':

b =h, 0367V 2-37
ot
By =y, 0.5557°1% 238

Agltepov, N mapovoic EVOS CTPAWRATOG VEPOL GTNV EMPAEVELL TOV TTEPVYIOV
npocBétel emmAéov Beppikt| avtiotaon oto povomdt g petddoons Beppomrag. H
Oeppiky] ayOyOTNTO. Kol TO TAYXOS TOU OTPOHATOS TOL VEPOV, WUTOPOLYV va
APNOWOTOMBOVV Y10t TOV TPOCEYYIGTIKO VIWOAOYIoUO avtig G avtiotaons. To mhg
EVOOMOTOVETAL QUTY 1 OVTIOTOON GTO MOVOTATL TNG POong ¢ OeppoTnTag, TOKiAEL
and perém oe perém. INa mopaderypo, n perétn tov Threlkeld®, ypnowpomoet
Oeppit) ayoypdTa TOV VEPOL Kal TO TAYXOS TOV TTEPVYLOD, YO VO TPOTOTOLCEL TO
ovvtereoT| petadoong Oepuodtnrag omd TV mhevpd Tov aépa. To mdxog Tov
OTPOUATOG TOV VEPOL pmopel va givarl dvokoko va mpocdiopiotel. Qotdc0o, aEol N
Oeppikn| avtiotaon mov ogeiletor oto vepd eivon pikpn, Ta AGON ctov vroloyiopd
ovtd Ba eivar devtepedovoag onpaciag yio Tov VITOAOYIOHO TG METAdOOMC
BeppomroC.

Tpitov, enewdn 1 petddoon Beppotnrag cvpfaivel kol ¢ oROTELECUO TNG
LETAKIVNONG VYPACIOg Kol NG EMAKOLOLONG CLUMVKVMGCTG OTNV ETPAVEWR TNG
oneipag, N cvykévipwon vdpatpol amoterEl emiong wbovoa dvvaun yio petddoon
feppotnroc. Onwg kot oe @Al QouvOpeva oe VYPEG omeipeg, pumopoldv va yivouv
apketég mopadoyés kon dwapopetikés mpoceyyioes. o mopaderypa, o Threlkeld®
opiler Tov olkd ovviekeotr|] petddoong Beppotnrog ce Opovg dapophg evlaAmiog

Threlkeld (1970) Thermal Environmental Engineering. Prentice Hall, Englewood Cliffs, N.J.
“Stoecker and Jones (1986) Refrigeration and Air Conditioning. McGraw-Hill, New York.

“"Myers (1967) The effect of dehumidification on the air-side heat transfer coefficient for a finned tube
coil. Master’s thesis, University of Minnesota.

“’Hiller and Glicksman (1979) Improving heat pump performance via compressor capacity control-
Analysis and test, Vols. 1 and 2, MIT Energy Laboratory Report MIT-EL 76-0001 and MIT-EL 76-
002, Cambridge, Mass.
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Kegpdlawo 2: EEaTpioTiipeg Kal CUPTUKVOTEG CUSTIHATOV KMUOTIONHOD

Kat Ox1 oe Opovg Owpopds Oeppoxpaciag agpa. H péon Swpopd evBakmiog
vrohoyiletan and péon royapBpikr evBaimikn doeopd, mov eival cuvaptTNon TOv
OLVOVAGHOV TV TPUYUATIKOV EVOAATIOV TOV PEVRATOSG TOL AEPX KOl QAVTOOCTIKMDY
eVOOATLOV KOPEGUEVOL PEVHLATOC QLEP.

Znuedvetal, 0TL av Lovo éva pEPOG NG omeipag eival vypo, téte pmopel va
Swoupebet oe 2 tpnpata. To vypod Tunqpe g oneipag propel va avaivdel Aapfdavoviog
VROYT TO QAVOHEVE TTOV TEPLYPAPTIKAY VOPITEPQ, EVD TO GTEYVO KOUUATL UTOPEL va
avoAvBel pe Tig cupPaTikég TpoceyYioELs.

2.3.6. METAAOXH OEPMOTHTAX AIIO TH XIIIEIPA MEXIQ

ITPQMATOZ [IAT'OY

Av n Bgppoxpacia g em@avelng Tov eEQTUIOTNPA and TNV TAEVPE TOV Uépa.
TECEL KAT® amd 1o onpeio mENg tov vepov, Ba apyicel o oynpatiopds kpodoTog
nayov. O GYNUATIGHOG TAYOL LELMVEL TNV KAVOTNTA TOV ECaTHIoTPa, TPOGHETOVTOC
gE1pd Beppin avrtiotaon, Ady® ™G ay@yns Spéson Tov oTpdUaTog niyov. Eedcov
LEWDVETOL TO KavAAl potg avaueoa ota TTepvYLa, TepropileTal kol 1 por| Tov depa
ot oneipeg. Ev ovveyelo, 0 ovvieheotg ovvaywyng and tnv TAELPE TOL aépa
HELDVETOL Kol 1) wTMOT mieong oTig oneipeg avEaverar. H dnpovpia wdyov eivar
petafatikd @owdpevo, pe v évvole Ot oymuotileton mayog, Gomov Eévag
‘UNYaviopog andyvéng’ Eexva.

O1 Kondepudi and O’Neal*®? éyovv SieEdyer Aentopepn Epevva kat a&loldymon
¢ Piproypapiag Tov acyoreital pe T0 pawvopevo owtd. Exovv datundosl apKeTEg
TAPATNPIOELS:

1. O ovviekeotig petddoong Beppotntag and Tny TAELPA Tov 0EPa AVEAVETAL KOTA
mv évapln dnuwovpylag mayov, efutiag tng avinuévng Tpaxdmrag ™G
emeavelng. dotoco, N adEnon g DEprIKg avTicTAcnS TOV GTPMUATOG TAYOoV,
ovvtopa avtiotadpilel v enidpacm Tng TpoydTNTG TNG EMPAVELNG, KAL O OALKOG
OLVTEAECTTC LETAdOONG OEpdTTAG HELDVETAL.

2. H dnpovpyia méyov eivai mo £viovn 610 Pnpoctd PEPOG.

3. Tw xakdtepn avietdmion tov pofinuatog kol avénon tng anddoong, oTnv
nepintwon dnuiovpyieg mAyov, CLOTHVETOL AAATVTEPO OAKEVO TIEPVYWOTC.
Kahbdtepn Adom elvar n ypnowomoinon oneipog pe petofintd  duakevo
TTEPLYDCEMY, HE TO SUAKEVO VA AVEAVEL KATAVTT TNG POTIC.

4. H amoteleopanikdnta 10V Ttepuyiov avEavetar and v évapén dnpovpyicg
Téyov, AOY® TO OHOLOHOPPNG OEPUOKPACIOKNG KATAVOUNG GTO ATEPVYLO. XN
ovvéyela tpooeyyiletal pa otabepn Tiun.

Adyw g EXAeyng cvoyeticewy N un enelepyacpévav dedopevay oTn debvn
Bproypoapic oyxetikd pe to (RTnua dnuovpylag mhyov, o oYESOTHS GLYVE
avaykaletar va xpnoyLonotel amAég yewpeTpieg, Ommg KvAvdpor kat TAdkes. M and
I EAGI0TEC GLoETioElg mov eivar Sabéoueg ot PifAoypapia, sivar Tov O’Neal*,
[Na apBpode Reynolds<15900, 1o otpdpa wdyov mov avamtdCOETOL GE YIAOGTA,
eivat:

x; = 0.015Re™ (- T P (w, — w, '™ 2-39
IMa ap1Bpovg Reynolds>15900:

“Kondepudi and O'Neal (1987) The effects of frost growth on extended surface heat exchanger
performance: a review. ASHRAE Annual Meeting, June 27-July 1, Nashville, Tenn.

#0’Neal (1982) The effect of frost formation on the performance of a parallel plate heat exchanger. Ph.
D. thesis, Purdue University.
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Kegahato 2: EEatpiomipes KAl GUUTUKVOTEG CUGTIRATOY KALLATIONOD

x, = 0.7120% (=T, P7 (w, —w, ™ 2-40

H napoandve cvoyétion pnopel va ypnowonombet and 1o oyediaoti, Gote va
TPOCEYYIOEL TO MAYOG TOV CTPMUATOG TAYOV WG GUVAPTIOT Tov Xpdvov. H emmiéov
feppikn) avtiotaon Adym g petddoong Oeppudmirag pe aywynq dwpécov Tov
OTPOUATOC TAYoL, 1 Ol ariayéc oto pubud pong Tov adpa, Ady® MEPLOPICUAV CTA
Kavaiia, propovv va voroyiotovv pe m Ponbew e cvoyéniong.

AvagépOnke vopitepa, 6Tt 1 dnpovpyia mwayov emmpealer 10 cvvteleoT
petadoong Beppomrag and v mAEvpd Tov aépa, EMEWT 0 APYIKOG CYNUATIGHOC
nayov aviavel v tpaydTTa TG Em@avewng towv ntepuyiov. Iepapatikéc peléteg
£deiav 6n avty n avénon umopei va SwapkéceEl Y HEPIKG AEmTd, Gomov GAlot
Topayovies, OMWC MEPIOPICHOL GTN POT], AVAYKAGOUV TO CUVIEAEOTI] HETGSOGTC
Beppémrag va peiwlei. Mua pekém tov O’Neal* ya napddinles mhaxe pe Evapén
dnuovpyiag mayov, £deife 6T e cvoyétion Opowr pe ™ yveon] gicwon tav
Dittus-Boelter, pe 10 ocvviekeom| va airaler and 0.023 oe 0.034, pmopei va
ocvoyeTioel ta melpapatika dedopéva. Ta amoteléopata avtd deiyvovv 6Tt amovoia
emmléov dedopévav 1 cvoyeTicemy, pia mBavi) Tpocéyyion Y £va oyedact eival
va avénoel xatd 50% 1o ovvteleot) petadoong Oeppuomrag amd TV WAELPA TOL
aépa, Yo va AaBer vwoyn v ad€non g TpaydTTAC TG EMPAVEWS KATA TNV
évapén g dnpovpyiag mayov.

2.3.7. ZYNAPMOTI'H TQON IITEPYITQN KAI ANTIZETAXH OEPMIKHZ
EITA®HZ

Inc oneipeg ¢ WHENG KOl TOV KAWMOTIOHOD, TO ATEPUYIM TPOCKOAAMVTOL
OTOVG GVAOVE, EMEKTEIVOVTAC TOUG GVAODG EITE pNYavViKG eite vOpavAKG péca oTo
daxtiAo Tov mrEPLYiIOV. Q¢ UMOTELECHA, 1] ACVLVEXELD GTNV MEPLOYT TTOV TC. TTEPVYLQ.
EVOVOVTOL PE TN OTPOYYLAT] EMQAVELX TV OVAGV glodyel Beppikt] avtiotaotn oto
povomdt petadoong Oeppdtnrag HETOED TOL PO KAL TOV YUKTIKOD. ZUYKPIVOUEVT
pe v ohkm Oeppkn avrictacm, m Beppiky) avriotaomn enaEng OTNV OCLVEXELD
umopei va mokitet amd 5% wg 50%. To evpog eivar 1660 peydro, Adym SrapopeTikdv
EQUPUOYDV KOl  KOTAOKELOOTIKOV  dlopopdv. Ol  KOTAOKELAOTEG EMAEYOLV
SLOPOPETIKEG AVOYEC KaL YPNOILOTOLODV SIAPOPETIKEG KATEPYAOIES Y10 TN CUVOPHOYN
TOL TTEPVYIOV GTOV QVAD.

O1 mo molloi kotuckevaotés evallaktdv Beppudmrag epappdlovv
EUTEIPOTEYVIKEG peBOdove yw T omeipa, d@ote va AdPouvv vmoym ™ Beppikn
avtiotaon ena@nc. AVTI 1) TILN KAOPEL VO EKTILATOL WG TOCOOTO TG OAIKTC Beppikig
avtictaong (m.y. 15%), 7| ©¢ cvykekpyévn Tiun Beppikic avtictaong, 1 g Tipm
Peppikiic ayoypémrag emaeic (my. 2000 Btw/(hi’Ffi?)). Adye ¢ brwmkic
EKHETAMEVONC ©TO OYEOOHO KOl TNV KUTAOKELY TNg Omneipag, dev vmépyovv
dnupooievpévec mAnpogopiec 1 oxedaoTIKOl KavOveG Y TOWKIAEG EQAPHOYEG.
Qo1600, Y1 AOYOVC KOGTOLG, Ol GRMEIPEC TOL YPNCHLOTOOVVIAL YIo OWKIAKT YO&n
gyovv YEVIKG peyalbtepn Tipr Beppikiic avTicTaoTg ENAQT|C and TG OTELPES AEPA TTOV
YPTNOLOTTOLOVVTAL OE BOPIYOVIKG CUCTIHATA KAUATIGHOD.

M and g eEAdyoteg yevikevpéveg cvoyetioelg g Pifloypagiag, mov dev
anotel TANPoYopia Yo TIC KUTEPYAGIES MOV ypnowuonombnkay, avarntiybnke and
toug Wood et al.*’, mov Bacicmkav ot Sadikacia mov mpotabnke and Tov Eckels*

“Wood, Sheffield and Sauer (1987) Thermal contact conductance of finned tubes: A generalized
correlation. ASHRAE Annual Meeting, June 27-July I, Nashville, Tenn.

“Eckels (19xx) Contact conductance of mechanical expanded plate finned tube heat exchangers.
Westinghouse Research Laboratories, Scientific Paper 77-1E9, SURCO-P1.
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Kegpdhaio 2: EEaTpioTipes KAl cUPTUKVAITEG CUGTRATOV KAIPATION0D

Kot and nepoapatika dedopéva and 31 oneipeg. H e&lowon mov mpoékuye o dpovg
Beppkrc ayoydtntag (contact conductance), h., (mov eivar 10 avriotpopo g
Bepukn|c avtiotaons enaens) sival:

h, = el 2.41
omov a=7.247, b=3861.00 ka1

_ t

x= 2-42
ifﬁ,,- ~1fop

O povadeg tov h, eivon [Btw/(h'Fft?)]. Xpnowwonoibvtag mv idwa Bdon
dedopévav tav 31 onepdv, o Wood et al.*s effyaye wa mo yevikn eéicoon mov
QmOLTEL YVdOon TG SLapETpou ToV Aoy TPV Kot petd T dudikacio extdvmong. H
egiomon mov mpoékuye, eivat:

h

c

;
» exp4L6.092+2.889[(1* ﬁn'%)““(:* ;;oi)"”J} 2-43

omov t [inches] kot I civar i mapepforn aviov — dakTvAiov:

d.+2.-d, , .,

i =

Mo évdeiln g akpifelog vwohoyopod Tng BepUIKhC avTIoTOONG ETAENG HE
ypron g e€lowong avtic Qaivetol oTNV ETOUEVT] YPOPIKY] TOPACTACT]. LTO GYHLO
av10, nepinov 50% twv dedopévav umopodv va tpoPrepbovv péoa ota Opra + 20%
7oL paivovtal. EmmAéov, paivetor 6 and Tig 31 oneipeg mov eléyydnkav, mo morlég
and g podc eiyav Oeppikég ayoywotnreg wikpotepeg amd 1000 Btw/(hr’Fft?),
VIOINADVOVTAG VYNAITEPES BEPUIKES AVTIOTATELS EMAPTIC.

1000

ﬁ | | i 1 i | § |
0 1000 2000 3000 4000 5000 8GO0 7000 BOOO 9000

Measured Conmact Conductance.
Btusihr & - °F)

5 9000

€ 8000 |

'g;m 7000

‘If;“ 6000 |- Typa 2-21: Toykpion
- npoPremOpevI|S Ka
EE 4000 perpodpevnc Beppikic
c 2 3000 ayOyIipéTNTOS .

5

o

@

=

Av o1 mopomdve efiomoelg dev umopovv va. ypnopomombovv emeldn
OUYKEKPULEVEG TpGueTpor eivon Gyveoteg, t0te pe Phon ta dedopéva Tov
Swrypdupatoc, wa TR ™ Ttang tav 2500 Btw/(hr’Ffi?), eivar wo pson Tty
BepliknG  ay@YuoTTaG, 7OV UmOpEl v ypnolpomoieitan o vmoloyiopovs.
Inuebvéror Eavd, OTL o mopamive eflobdoelg kar to dwdypappe eivor Yo
peyolbtepeg omeipeg KAMUOTIOROD, TOV YEVIKG £YOVV MO COLTY EMAQT AVALESH OTO
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Kepdiaio 2: EEaTpioTiipeg Kol SUPTUKVATEG CUOTNATOV KMPATIGHOD

TTEPVYLO KAl TOV GUAO, TOVAGYIOTOV GUYKPWVOMEVE UE UUKPOTEPEG KOl IO QTNVES
(oucakéc) omeipeg Yo&ne.

2.3.8. ITAPAAEII'MA: YIIOAOT'IEMOX  OAIKOY  XYNTEAEXITH
METAAOXHYX OEPMOTHTAZX I'TA ZIIEIPA EEATMIZTHPA
210 onueio avto, Ba extehectel £vag vmoroyopdg yia va emderyBel 1 yprion
10V elod@oewy kol g peBodoloyiag OV TAPOVOIAGTNKE GTO KEQAAQLO, HE ELPACT)
OTO TUNUO TOV TEPLYPAQEL T Aettovpyio tov e&atotipa. [IoAkég ano Tig eicdoeig
OV ¥PMOLLOTooVVTaL 6T0 mapdderypa, Ppiokovy EQOPUOYY KOl GTNV ETOUEVT|
gvoTa.
Ot dwotdoelg g omeipag, ol cuvOkeg porig (kat yi T0 YukTikd R-134a kat
Y1t TOV Q€PQ) KOl Ol YEMUETPLKES TOPAUETPOL, EXOVV WG EENG:
s Eowotepkt] Sidpetpog cvA0Y: 1,=0.00826 m
« EEotepik) didperpog avAov: p =0.00952 m
o [IAGtOG EVOARGKTN: 125 m
o ApOpoc oepdv: 4
o  ApOudc avebdptmrov KUKAOUATOV: 4
o Opwovtio diakevo avAdV: (,0222 m
« Katakopvgo Sidkevo avAdv: (.025 m
o ApBHOC avkdv kGbeToV 0T dlevbuven porig Tov agpa: 12
e  Ap1OHOC avAdY KaTd pRKog TN Stevhuveng porg Tov aépa: 4
o Ildyog mrepuyiov: 1,6154%107
s Bfpo mrepdywong: 551,18 m™
o Emodveia nrepuyiov/odikn eEmTepikr] EMQAVEL: (),0948
« EledBepn empdvela pong aépo/LETTIKT] EMPAVELL: ().5466
o Topoyn yoktikod: 19,3 Kg/hr (ava povomdtt aviov)
s Ocgppokpacia £166d0v YukTikKov: _5°C
o [lowdma £16660V YUKTIKOV: ()1
o Zuvbnkeg e§060v yokTikod: 0°C, vrépOeppo
o Toydmra aépa: 2 m/sec
e Ocpuokpocia swwddov aépa: 15°C

Erilvon:
O olkdg ovvieheotic petddoong Beppotnrag (e&icwon 2-1) pmopel va

amhomomnfel VroOETOVTAG amOTEAECHATIKOTNTA TTEPLYiov, ¢, ion pe 100% wou
ayvodvTog TIG Oep kg avTIOTAOELS OV OYETILOVTAL HE TO TOlXWUE TOL AVAOD KAl TiG
anobéoelc ecwtepikd kot eEwtepikd tov aviov. H eEicwon mov Ba mpoxdyet, etvat:

g a1

A 1 A

i I + s + e

Al b, hA,
O1 Adyot empaveldy oty tapanave e&icwon vrohoyilovtal wg e&ng:
A

Bom e 1973
4, 1-0948
" 4 :

4 = i) = 4D, = 19.23-0 oies =22.16
A4, A, A4, A4,D, 0.00826
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Ke@dahaio 2: EEaTpioT|peg KAl CURMUKVOTEG CUCTI|HATOY KALLATIONOD

O ovvieheom|g petadoong Bepudmrag, h, yia mv efatpion péoa otoug
avrovg, vroroyiletat andé v egicwon tov Kandlikar (2-21). Inueidverar, 6m Oa
pmTopovoay va XpNotponomBodyv Kat o1 VIOAOWIEG GLUCKETIGELS TOV TAPOVCLAGTIKAY
010 ke@diato. Ot 110 teg TOoL R-134a (ko Tov R-12) AapPdavovrar amd tov exdpevo

nivaka (Kakac'):

IdwetnTa R-134a R-12

IMukvémmta vypod [Kg/m’] 1308 1417
Mukvomrta atpod [Kg/m’] 12.2 154
EvBoinia e£armong [KI/Kg] 202.3 1539
ITicon xopecuov [Mpa] 0.243 0.261

1E@deg vypob [uPa*s] 301 284

1£@deg atpol [uPa*s] 12.2 11.3
Oepuikn aywyotnta atpot [mW/mK] 11.77 8.01
Oeppikn ay@ywomra vypov [mW/mK] 98.1 80.8
Edix 8eppuomra vypov [KI/(KgK)] 1.297 0.922
Ewdn Beppotmra arpov [KI/(KgK)] 0.868 0.629
Prandt] vypod 3.98 3.24

Prandt! atpod 0.99 0.89

O1 adudctator apiBpoi g e€icwong tov Kandlikar vroloyilovtar og e€nc:
o Ap1Bpoc Bpaopov, Bo:

74KW | m’

4 __ - =3.64*10"
Gi, 100Kg/(m’s)2023KJ/Kg

Bo=

o Ap1Buog Xuvaywyng, Co:

1- o.sj"‘{ 12.2Kg /m’

— =0.096
0.5 1308Kg /m’ ]

Co = (1 —X)O.S(&)O.s . [
x P
o Ap1Bpdg Froude, Fr:

G? [100Kg /(m’s)]

— — 2 —=0.0722
pigD  (1300Kg/m’)*(9.8m/s*)(0.00826m)

Fr

e Ap1Budc Reynolds yua 610 10 vypd, Re;:

2 —
Re, = G(1-x)D _ [100Kg /(m’s))(1 - 0.5)(0.00826m) _ . _

Hi 301*107Pa*s( 27 )
s m™Pa

O cuviehesTiig GLVAY@YTG Y@ TV VYPT) @doT vrohoyiletar and my e&icwon:
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Kepalaio 2: EEatuioti)peg KL CONAVKVOTEG GUGTIHATOY KAPATIONO0D

G —x)D]O‘a Pr* k, —0.023(1372)°3.98° [0.0981% /(mK)] _
4, D ' 0.00826m

153.6W /[(m*K)

Amd v ekiowon 2-21 vroroyiletar o cuvtekeotg petddoong Beppdtnrog
katd v eEatpion. O ovviereotés C; wg Cq €xovv mapovowaotel vopitepa kol
Fp=1.5 yua to R-134a.

h, =0.023[

‘:ﬁ = ¢,(Co)* (25F7)* +c,(Bo)** F, =
1
4 -0.9 03 —4 Y7
hp =153.6 - [1.136*0.0966™°*(25*0.0722) +667.2(3.64*107*f 1.5
—
= 2048W /(m’K)

H nynq mov vmoloylomke Ppiloketar o€ ocvppavie pe v TWH TOL
Suypappatog 2-9 ya x=0.5. O e&wtepicdg ovvtereotg petddoong Bepudmrag, h,,
umopei va vroroyiotel amd my 2-32, 6mov o 116t Teg oL aépa Pacifovian ot péon
Beppokpacio Tov péoa ot omneipa. Emewdn avtr n péorn Oeppoxpacia tov aépa
anotel emavainmtiky Swdikacia, mov eivon pépog tov oyedaoTikod mTpofAfpoTog
TOL gvaALdKTY, 1 péon Beppoxpacio Tov aépo AapPavetal ion pe ™ Oeppokpacio
£10080V TOV aépa YL avTOV ToV apYIKo vIToAoyioud. O Tapayovrag j and v eEicwon
oot etvar (A/A=AA,,):

=0.15
Jj =0.0014+ 0.2618Re.;°'4(§J =

t

(1.1054Kg /m’)(2m/ 5)(0.00952m)
[178.6*107" Kg /(ms)]

-0.4
0.0014+0.2618[ } (19.23) %" =

j=0.01133

O gEwtepikdg ocvvtekeomg petddoong Bepudtnrag vmoroyiletar amnd Tov
Tapdyovia j, g E1C:

j=stpet = pprs
pve,

Abdvovtag wg Tpog Tov eEDTEPIKO cVVTEAEST, hy:

Jpve 2

ho = E-z_"; = 333W1;(m K)
H el petafinty mov amarteitor yw OV VTOAOYIOHO TOV OAkoV
ocvvteleotn petadoorng Beppotrag elvar m avtiotacn Oeppukng emaerg yw TV
TEPLOYT] TTOV TO. TTEPVYLOL EVADVOVTAL UNYOVIKG PE TO Toiywpa Tov avkov. H tip tav
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Kegahaio 2: EEatpioTiipeg KOl CUPAVKVOTEG CUGTI|HATOV KALHATIOROD

2500 Btw/(hr’Fft?), mov mpoteivetar o1 Bewpia mov mporyidnke, sivar korrdAAnin vo.
ypnotpomomBel. Avtn n Bepruky| ayoypndtnra oe povadeg S, givar:

h. =14195W /(m’K)
O olkég ovvtedeotig petadoomg Beppotnrag vrohoyiletal wg eEng:

U, = : v =71.3W [(m’K)

a 4

“a

h.A

ol

b
Ah b

2.4, ZIFEIPEXY >YMIIYKNQTH

2.4.1. IIEPIT'PA®H KAI EIAIKEY OEQPHXEIX

Ot oneipeg Tov cvpmLKVEOT] cVvBrg arotelovviat and dtdels ydAKvwv
avAdv mov dersdvovv oe dekiég ymvieg oe ooytés otoifeg and mhdxkeg oahovpviov.
AVTEG 01 MAGKEG TTOPEYOVY CUCTNUO CLVEXDV TTEPLYDOEWV Y T Pertiowon g
petadoong BeppoTntag amd v TAELPAE TOV afpa. AvTH 1) TPOCEYYIOT| Eival TopPOLOLL
HE TNV TPOCEYYION OV YPTOIHLOTOIEITOL YO TNV KATOOKEVY] OMEPQOV EEATHIOTH PO,
TOL TEPLYPAPTKE TPOTNYOLREVMS. Mmopovv va BpeBodv kat amokhicelg oe avti ™
SevBémon, Onwg KUKAGROTE QVADY TOV ATOTEAOVVTAL OO avamOoTacT akavlhdn
(mepinhoka) mrephyl amd aAovpivio, mov TVALyovTal YOp® amd TO YAAKIVO LA, X1
dievBémon avt], dev vrdpyovv Beppikés YEQUPEG HETAED TV QULAGV, emewdn m
POYOKOKKOALL TOV €VOG 0LAOD Ogv €xel emopn pe dAlovg aviovg. o omeipeg pe
TTEPUYID. TAOKMV, Ta MTEPVYR SlaTdooovial cuvibmg pe mukvotTe omd 8 wg 18
ntepiya avé ivioa (3.2 w¢ 1.4 mm duakevo). Tvmkég eEmtepikoi ddperpor (0.D.)
avidv €xovv evpog and 1/4 wg 3/4 in (6 wg 20 mm). To mheovékmua TV avAdv
pikpdTEPNG SlapéTpou £ivat OTL HELDVOLV T1] YOHMOT) YUKTIKOD.

Av Kal oL 0epOYUKTEG ONEIPEC TOV CULUMLKVOTY] HIOpovv va yuxBoldv amd
QLOIKT ouvaywyn, cvvibwg epodidloviar pe aveplompes. Ol AVEUIGTAPES TOHTOL
TpomELAG GUVIIBWG YPNOLLOTOOVVTOL OV O CUUTVKVAOTIG EVOl EYKATEGTNUEVOS OF
eEWTEPIKO YDPO, EVAD QUYOKEVIPLIKOL GVEUIOTIPES YPNOLUOTOLOVVTOL OTAV O PG
KatevBuveTOL 6T0 CLUTLKVOTH péca amd aywyd. Ou amaitioslg og aépa ToKilovy
and 600 w¢ 1200 cfm avé tovo (80 wg 160 L/s ava KW). Ov amhég povadeg
CUUTVKVAOT®OV oTeipag oyedialovrar yio pepikeg exatoviades tovous. Ta peyaritepa
CLCTAHATE WOENG Kol KAMHATIGHOD  YPTCYONO00V  MOAAATAOVE GUUTUKVOTES
oLvdESENEVOUG TTapAAAT AL,

Ta xvkhdpotoe onspdv dicvbetovvial e TETOw TPOMO MGTE 0 LVIEPHEPOG
aTdG VoL EICEPYETOL OTNV KOPLQT] Kot TO LIOWULKTO VYpd va eE€pyeTal Kovid GTov
7dto. Avti 1 TpocEyyion Bonbad oty kKuKhoopia Tov Aadov. AKOuN MO CTHAVTLIKO
givar 0L Samnpet Eva vypo mapépfuopa oty €£0do g oneilpag, Eva ypnotpomotel
Bapvmta wg fondnTikd mapdyovia omyv kvkiogopic tov yukTikoV. H drevbémon
amd TV ThevPd Tov aépa eival TéTowa, MoTe 0 agpag péel daoyilovrag Tovg avAolg
oe oTaLpOTH por. To olkd kuKAwpe cwAnvacewv givol cuviifwg dievbetnuévo pe
1pdm0, MOTE TO YUKTIKO Vo elo€pyeTal katdvtn (downstream) tng mAgvpdg Tov aépa
kot va e&épyetar avavrn (upstream) g mAEVPAS TOL GEpa. AvTh 1 TPOGEYYoM
dnpovpyel £va TOTO AVTIPPONG YIt TOV BEPX KL TO WUKTLKO.

67

Institutional Repository - Library & Information Centre - University of Thessaly
23/04/2024 21:53:10 EEST - 3.14.13.79



Kepaharo 2: EEaTpioT|peg Kal oupavkvmTiG CUOTIHATOY KAUATIONO0D

O opBpdg tov Eexoplotdv KUKAMUATOV CVAGOV kot 0 apldpdc Tev
nePaopdTOV Yo Kafe xukdopa PBaciloviar oty Omapln Kavig Tapoyng o Kabs
KUKA@UE Y10 Ve Vol IKevomomTiky 1) petddoon Beppomtog péca aToug avAolg, svd
Ba mepropilerar kar 1 TT®OOT wEoNS 610 YukTikd. H mrdon wieong and v mhevpd
TOV YUKTIKOU £iVOl KATUOTPEMTIKT), EMELON £XEL WG CUVERELR TN HEIMOTN NG drpopdg
Bepuoxpaciag peta&d tov 2 pevotd@v. Mia Bélniom devbémmon g oneipag propsi
Vo TEPLEYEL MOAAOTAG KUKADUATE TOV GUVIEOVTOL KATAVIN, CTNV MEPOYT] YOUNANG
nowdmtag, Kovid oty ££0d0. X1 dievbinon avt, 0 péNoTog aptBpos KUKAOUGTOV
Bpioketar omnv eicodo tov vaEpBeppov atpov ko 0 e dyoTog apfudg oty £€odo
TOV VTOYVLKTOL VYPOD.

2.4.2. OMOIOTHTEE METAZY IIIEIPAXL XIYMIIYKNQTH KAI
EZEATMIZTHPA

Yrapyovv apketég opowdtnteg avapeca otov eiatonipe onepdv Kat
CUUTVKVOTI] OTEPOV OV YPT|CIHOTOIOVVTAL OE EQAPUOYEC YOHENG KOl KAHATIGLOD.
Ot oneipeg katackevalovral amd mapopola VAIKGE, ot avAol and yaAkd Kai o TAGKES
and CAOVHIVIO, KOl TEPONOLES TEYVIKES YPT|CIHOTOOVVTAL Yia T1] CUVOEDT] TAUKAV Kot
avrdv. ITapdpores texvikég evioyvorng mg petadoong Beppomrag )prciuorolodviat
KOl GTIS SVO CVOKEVES Y1O TO WUKTIKO PECE GTOVG QUAOVS (LIKPOTTEPVYMOT]) Kat yia
TOV 0£Pa OV PEEL SOPUECOV TOV TAUK®V, TOV EivVOL TPOCKOAATNUEVES EEMTEPIKA TV
aVAGV (TTEpUYIX pE KVpaT®OoELS 1) louvered ntepiyia).

A6y aUTOV TOV OMOWOTITMOV, UPKETEG EVOTNTEG OV TAPOVCIACTNKAV KATA
m™mv avaivon tov eEatpiomipa oneipog, fpickovv Apecn) EPEPROYT OTO CUUTVKVMTY
onelpag. ZUYKEKPIUEVES EVOTITESG, OV EivOL EQUPUOCIUES GTO CUUTVKVOT OREIpAC,
givor o1 evoTnTeg TG HeTddoong OeppdTTag amd Ty MAEVPA TOL CEPA KOl Ol EVOTNTES
OV ava@EPOVTOL 0TI BEPUIKT) GVTIOTOOT] ETAPNG KUl T CUVOPHOYT TOV TTEPVYIWV.
AmO TNV TALLPE TOV YUKTIKOV, OGO TEPOVCLUCTIIKAY VOPITEPE Y1t TH HOVOQOGCIKT)
pon Kol TV KukAo@opio Tov Aadlov eivol emiong epappdoipa. Av kot ot 8ot avrol
HIKPOTTEPVYDOE®Y YPNOHOTOOVVIOL KOl Y10 CLUALDKVOOT Ko yio e€dtpion, M
eMdpOOT TV KPOTTEPUYDOE®Y ©Tn Metddoon Oeppommrog eivar  Teheing
SopopETIKT.

243. METAAOXH OEPMOTHTAX AOIQ XYMIIYKNQIHEX TOY
YYKTIKOY MEXZA XTOYEZ AYAOYZ

O ovvieheotng petddoong OeppdmTog Yo T CLUTOKVEOON HECH OTOUG
aVAODG TPEMEL VO DIOAOYIOTEL WPV TOV TPOGOOPIOHG TOL OAMKOD OLVIEAESTN
netadoong Beppomrog. ApKeTég cuoYETioEIS, mov eivan Swbéopes om Pifioypapia,
éyouv emaAndevbel o yoktikd. Mepikég amd avtég TIG CUOYETICES TEPLYpAPOVTaL
o™ culijmon mov axokovdei. Eivar ot cucyeticelg tov Travis et al.*’, Cavallini and
Zecchin® ko Shah*®. INa ™ petédoon Beppémrag otig nepLoyég VIEPHeppov atpod
Kol LAOWYLKTOL VYPOU TOU CLUTUKVOTY, Eival EQUPUOCIHES Ol LOVOQUGIKES
ovoyetioelg mov cu{nminkav vopitepa yie myv eEdtion pEca GTovg CLAOUG.

YYEXETIZH TRAVIS ET AL.”

*'Travis, Rohsenow and Baron (1972) Forced convection condensation inside tubes: a heat transfer
equation for condenser design. ASHRAE Trans. 79 157-165.

*Cavallini and Zecchin (1974) A dimensionless correlation for heat transfer in forced convection
condensation. Proc. Fifth Int. Heat Transfer Conf., September 3-7, pp. 309-313.

“*Shah (1979) A general correlation for heat tmsfer during film condensation inside pipes. /nt. J. Heat
Mass Transfer 22 547-556.
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Kegdalmo 2: EEatoTiipeg KAl COUAVKVOTEG CLOTNHATOV KALLATIGROD

H ovoyétion tov Travis et al. apyikd avartdydnke o Tunpa g EXTETAUEVNS
peAétng g ocvpmikvoons Tev R-12 kat R-22, §00 yokTikd@v Tov 1pnotponoonval
gupvtata onuepa. H cvoyétion, eniong, enainBedtnke emTUYQRG YPTCLHLOTOLDVTIRG TO
{d1a dedopéva Tav R-12 ka1 R-22. Avt n e&lowon), ya T copmikveoon péoa 6Toug
avAog, TPONABE amd TV EPUPLOYN TNG UvaAOYing Oppng Kal petddoons Oepudtntog
oe poviého daxtvAoewdovg porg (annular flow). H katavopn g taydmteg oto
SaKTUALOEIOEG QLALL TTEPLYPAQPETOL GO TNV TOYKOGHIN KATUVOUT TayuThTov Tov Von
Karman. To oaxtivikd gradients g Beppokpaciac oty kopdid 1tov otpod
ayvonnkav kot ot SlEmPaveld vypoy — atpod VIoTédnke Beppokpacio KOpesHOV.
O d1paoikd cvvteleotig petddoong BepuoTnTag Tov TPOKVHTTEL, Eival:

b = k Pr,Re,” F 545
DF,

omov:

Re, = G(-x)b 2-46
Hy

Kot 1) adidotatn napapetpog Fy:

E:awa+3§JLn

0.476
Xy Xy

Avdhoyo pe v T tov apibpov Re;, n adidotat napdpetpog F,, maipvel 1ig
aKOAoLOEC TLNEC:

F, =0.707Pr, Re;”,Re, <50 2-48
F, = 5P+ SIn[l + P (0.09636 Re”™ 1)} 50 < Re, <1125 2-49

F, = 5Pr+ 5In(l + 5Pr,) + 2.5In(0.00313Re®*'?),Re, > 1125 2-50

H ovoyétion avt €xel ypnowomindei extetapéva oto tapehbov. Qotdoo, 2
O TPOCPUTEG CVOYETIOELS, MOV TEPLYPAPOVIAL MO KATM, ElvOl MO EVKOAEG OTNV
EQPUPHOYT, Kol emMmpooleta, £xovv deikel va ovoyetilovv Ta mepopatikd dedopiva
gkicov xaAd'?.

TYIXETIZH CAVALLINI AND ZECCHIN®

Ot Cavallini and Zecchin avéntugav pa nuepnepiky eElowon mov £xel amin
Hopen kat cvoytifel o yokTikd dedopévo apketd kard. e v avamTuEn Koi
eMOA0EVOT NG GVOYETIONG VTS, XPTOLHOTOMONKaY dedopéva Yo APKETE YOKTIKG,
omwg ta R-11, R-12, R-21, R-22, R-113 kot R-114. H Baoukr| poper] g cvoytiong
avortoxOnke and pia BspnTiky aviAivoT, mapopola HE QUTH OV XPTCLHOTOMONKE
o6 Toug Travis et al.¥, H e€icwon mov mpdtevay ot Cavallini and Zecchin eivar:

h., = 5;3.05 Re’® pr’* 2-51
TP D i eq !

6mov 0 160dVvapog apBpog Re,q eivat:
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Kegpaiao 2: EEatpioTipeg Kot COUTUKVMTES GCUETHATOV KMPGTIONO0V

0.5
Re,, = Re,[&](f’—v] +Re, 2-52
H )\ Py

H eticwon ywe tov Re; mopovodomxe Atyo mpwv (2-46) xor o Re, opileton
napopo, ®¢ £ENG:

B GxD

p'l’

H cvoyénion tov Cavallini and Zecchin el apxetég opodmreg otn Hopom
1e OAES TIC CUCYETIOELS Y1 Lovopaolkn TupPmdn por (my. Eficwon Dittus-Boelter).
Ouv Cavallini and Zecchin emiong mpotewvav ott n eficwon Tovg pmopel vo
YpNOoLonondel Y10 ToV VIOAOYICUO TOV HECHOV CUVIEAESTMV PETAdoong OeppudThrac
avapesa otnv €i6060 Kat TNV ££080 TOV CULUTLKVOTH, HE TNV TpodirdBecn OTL o1
Beppouoticés 110TNTES Kot 1) OEpPOKPasIaKT] d1apopd OVAUESH GTO TOIY®MU KoL TO
PEVOTO O PeTaPAAAOVTOL ONUAVTIKE KOTE KOG TOV QVAOD.

Re 2-53

v

LYIXETIZH SHAH®

H ocvoyétion tov Shah avantoybnke pe Bdon peyordtepo yKpoum pevotdv
(6mwg To vepd) amd OTL 01 TPONYOVUEVEG CLOYETIOEIS. AvOorTUYONKE, 0TOdEUVHOVTAS
oyéon HETOED CLUMUKVMOONG KOl TV TPOT)YOUUEV®V oLoyeTicewv tov Shah ywa
petddoon Oepuomrog kotd to Bpacpod, ektds Ppacpod muprvev. H mpoxintovow
egiowaon eivar:

1 ]
b= B0 254

o
O6mov, 0 HOVOEaolKOg cuvvtekeotic hy vmoAoyiletar amd v eficwon 2-22 kai 1
ad1doToTN TOPAUETPOGS Z, EfvaL:

sy

O Shah erniong mpdtewve v olokAnpwon avtdv Twv eflodoemv Katd £vo
UAKOG TOL aLAOD Y vo. Anebel o pécog cuvtekeoThg peTddoong BepudTnTag oty
TEPLOYN CUUTHKVOOTC.

Pr’ 2-55

1
hrow =7 [ hpaL 2-56

o v mepintmon ypoppikng petafoing e nowdmnrog and 100% ot 0%, 1o
QmoTELECHA Eival:

2.08
hTPm =22 055’7” + ﬁ 2-57
*

To anoteléopata avtrg g e&icmong dueépovv povo katd 5% and v Tun
7ov AapPaverar, 6tav e péon mowvtnre 50% ypnoilomolEital 6T CUOKETIOT] TOV
Shah. Xt0 oyfjue mov akoiovbel cvykpivovtal ov Tomkol cLVTEAECTEG pETAO0oMG
Oeppotntog pe g 3 mpomyovueves cvoyetioels. To WukTiKO mov YPMOLUOTOLELTAL
givor o R-134a, mov eivor acpolréic yia 1o 6lov. INa m oldykpion avth, emAéydniay
TopoyT], SLGUETPOG KAl PNKOG OLAOV TAPOUOLD. UE EVOV TUTIKO CULUTVKVOTY. XTO
HEYRADTEPO HEPOG TOV EVPOVG TN ToLdTNTAG, 01 SLGYETicEL PpiokovTal oe cuppwvia,
pe péyotn omokiion pikpdtepn and 20% petald tovg. O tomkol cuviedeotég
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Kepdalato 2: EEatpioti)peg kat supnukvetig CVGTNHATOY KApATIONOD

petddoong Beppotntag erattdvovron kabdg peudveton 1 mowdTTa, T0 0moio eivat
amOTELES PO, TG OOENGTG TOV ThYoVS TV dakTvAoewolg film kubdg 1 copmdkvaoy
Tpoxwpd amd TV elcodo (VYNAN TOWOTNTE) TOV GLUURVKVOTY, otV ££060 (YouUNnAn

TOLOTNTL).
=107
B T R e I
- - Condsnsation
}:'ﬁl pa 2-22: } Avurngle Yew Transter Coafficiont
= 517 Qualty Ghange 100% 11 0% i
Tomkoi Tamparature, 40°C
& = Tuba Dameter. 8,26 mm
GUVTE}»EG’TSQ b Tube Length, 5m
- =, 5
peTadoong z o
- E il BT
OeppoTnrag g 5
T g e
SVUTUKV®OT i o
Tov R-134a ’f - : Ata4a .
péca o€ avAo. * r Lagand
L — sman (1881)
weeee Teons ot 3l 11972)
== Cavalim and Zecchin 11974} °
olew o o ¥ o o 4 Lt AT .
0 100 a:lm SL{ :«E:a'_- 500

Mass Fiux. kg 4m- s)

O1 péool cuvtedeotéc pet@doone Oepuomtoc, mov MPOKVATOLV OO THV
gEicoon 2-56 pe OAOKANPMON TOV TOMKAOV TUAV KOTE UKOS TOL GUAOD,
oxeddlovtar g ouvvaptnon TG TowTNTog oTo Topokdte oynue. Kou ot 3
OULCYETIOEIS BelyvouV KOA] CUHPOVIR, MGTOCO 2 and TIG CUCKETICE, CUHPOVOLY HE
gopog amdkhong 10%. Ta Odedopévo ywr 10 PECO OLVTEAESTH| QMO OPKETEG
TEWPaPaTIKEG pekétec Tov mapedfoviog éxouv mpoPreBei!>!® amé avtéc T 3
ovoyetioelg pe andxion + 20%.

x10'
‘ L} T L I L Ll L] I v ¥
T Gonclansation
Local Heal Transtor Coelficient

. Mass Flux, 100 kg /{m? s)
x - Toempaerature 40°C -
. 3|- Tube Diarmeter. 8.26 mm Ex‘l“l.(l 2-23:
S Tube Length. 5 m »
z " Heal Flus, 9.7 KW me 1 MSGOI
E [ i GUVTELEGTEG
: sl L pet@doong
: | e Ogppoétnrog 1o
g i CUHUTUKVQOGT] TOV
L s roorh | R-134a péoa oe

g Logend : VA0,

~ —— Shah (1981]
I weeee- Travizs et al (1972)
| === Cavallirm and Zecchin [1574) 1
T oy () G Y i R ]
g.ﬂ az 0.4 D8 IL'-JI} 1.0

Onwg xat omvou?étiwlon, oL cLVTIEAEOTEG peTadoong Beppudmtog katd T
cLUTOKVOOT], oV VIOAOYIovTal amd TIC TPOTYOOHEVEG GCUCYETICEIS, HTOPOLV VoL
tpomomomfovv yio. va Anedel voyn 1 mopovsia Amaviikdv. Onwg p, 1 e&icwon
napovolaletar o Opovg mapdyovra evioyvong, EF, mov opileton wg o Adyog tov
ovvteheoT] peTddoong BeprotnTog Yo piypate Yuktikod-Aadiod Tpog 10 CUVTEAESTN
Yo kaapd yoktikd. N cvpmdkvwon piypatog R-22 pe SUS Addy, n e€icwon mov
epappoletar etvon'®:
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Kegalato 2: EEatpioTiipeg Kal GUOURUKVOTEG CUGTNUATOV KAUATIGLOD

= ¢ 2.58

Or deikteg s ko s ko 1 ovykévrpoon Amaviikod Wo £xovv opiotei vapitepa,
katd ™ ovlnmnon g e&dtuong pésa oe avAid. Avrifsta pe v eEicwon y mv
gkqtuion, 1 tedevtaia eflowon dev eivon ocvvapmon g palikng mapoyng Ko,
EMMAEOV, O CUVIEAESTNG UETAS00TG BEPULOTNTOG YOt COUTVKVOOT] LEGH GTOVG CVAOVE
TOVTO LELDVETAL LE TNV TPooOikn Aadiov.

Mua mapdpota cveyétion yia R-22 ko 300 SUS Aédt eivon'S:

EF,

s's

EF., =e”"° 2-59

s'ts
Onwg avapépdnke kol mpiv, o1 tehevtaieg 2 efiohoeig givar folkéc, and vy
Groyn OTL 01 316N TEG TOV YVKTIKOV de Yperdletat va Tpomoronfovy yio va Anedody
voYn aAlayEg AOY® TNG TAPOLSiag TV ATAVIIKOY.

2.44. ENAYEHXH THX METAAOXHX OGEPMOTHTAXL MEXIA XITOYX
AYAOYX

H mo dnpopiing péBodog emavinong g petddoong Oepuomtog kotd m
CLUTOKVMOT YUKTWOU péce GE GLAO, eivon 1 ¥pNor QVAGV UIKPOTTEPLYDOEMV.
Avtég 0 TOTOG OVAOD TEPLYPAPNKE AEMTOUEPDG OE TPONYOVUEVO OMUEID TOL
kepoiaion. Onwg kot katd v eEGTUion, o1 cLVIEAESTEG HETGO0oT g DEpUOTTUG KOTh
1 CLUTVKVOGOT PEGE GTOVG VAOVC, avEavovial 2 1 3 opEg o GUYKPLOT] LE TIG TIHES
v Aglovg avhovg. Eavd, 1 avénon g tThong mieong eival oNUOVIIKG HKpOTEPT
and v adénon ot uperddoon Ogpudtnrag, oe avtibeon pe GAhovg TOMOULG
Behtidocwv 010 gomTEPKO TV 0VADV. H axdrovdn oyediaotiki] mAnpogopio yio
AVAOVG HIKPOTITEPVYDGEMY EIVOL Y10 SIUPOPETIKES YEOUETPIES LIKPOTTEPVYDOEMV KoLl
depopeticég dapétpoug avddv. Emiong, mepiypdoetan n enidpaocn tov Amoviikon
OV OVOULYVOETAL LE TO YUKTIKO.

2-2 LIRS I s ¢ ' T T T T3 Ty TPy T
20/ ) A
"-s\“‘:\\\'
18- - R 4 .
"\\-‘%} N Tynpa 2-24:
N Hapayovre
ERRE:1 S NN _ s ?17,|8g
S NN evioyuong " Yo
Ne—g GCUPUTUKVOON o€ 3
= 5 g dwapopeTikég
YEMPETPIES VLDV pe
121~  Cancensation = RIKPOTTTEPVYLA KoL 2
P - 1.5-15MP -
- : R T T drapopeTikic
| R s PO TN Pt i v drapérpovc.
0 100 200 300 400 500
G, kgsim® -5}

H an6doom 1piddv Sl0QopeTIK@V ovddv Hikpontepuydcewy 3/8 in (9.52 mm)
ocvykpivetol pe tnv amdédoon 3 avAdv pikponrtepvydcewv 1/2 in (12.7 mm) oto
oyqua!”™® H ovykpion yivetar yie 10 R-22. Qotéco, amovoia emmpdodetng
TANPOPOPING, TO GTOTEALGUOTH UTOPOLV VO EQUPUOCTOVV Kol GE GAAX WUKTIKG.
Avroi ot ibwor 6 avhoi meprypdenkav vopitepa (tivakag 2-1), katd ™ cvlfTnon g
uetddoong Bepuotnrag katd v eEGTUION O CVAOVG UIKPOTTEPLYOCEMY. ATO T
ypougikf mopdotaot, eaivetar 6t ov mapdhyovieg evioyvong (EF) yw tovg cvioig
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Kegahmo 2: EEatpioniipeg KUl CURTUKVOTES CUCTIHATOY KAPLATIONO0D

peyedvtepng Swopétpov eivor eha@pdg peyodvtepol amd OTL Yl TOVG CVAOVG
nikpodtepnc Srapétpov. Ewdikdtepa, yia paliky mapoys 300 Kg/(m?s), mov avanopiotd
pt wopoyn 6mov to dedopéva Y TG 2 S1@OopETIKEG SIUETPOVG EMKOADTOVTAL, O
EF y1a Toug aviovg 1/2 in mowkikel azmd 1.6 wg 1.8, evd o o EF yw toug avdovg 3/8 in
mowidel and 1.5 og 1.7. Aapfdvovtag vméyn 10 yeyovog OTL OL GLYYPUPEIS
avaeépovv mewpapotikn afefadmra + 14% yw tov EF, 1 emibpaon xar g
SopéTpov ToV ALAoD KAl TNG YEGUETPIOS TV HIKPOTTEPLYIMV Eival SEVTEPEVOVOEC,
WG kor apeAntéeg. Av évog oyedaotng ektekel vmoAoyopHoUg Yoo p omd TIG
TUPATAVE® YEOUETPIEG Kot SLAPETPOVG, TOTE, Yo dedopéveg palikég mapoyés, ol Tég
tov EF pmopodv va emieyovv anevbeioag and 1o ddypappa. Qotdco, oV amaitobviol
oyeduaoTikol vToAoylopoi o daikeg Sapétpovg avidv (6nwg 3/4 in f 1 in) § 1
GAeg yempeTpieg pikpomTePLYiV, TO OYNHe Umopel kou AL v ypnoionomOei,
amovoia TEPIOCOTEPMV SEdOLEVOV ATOS0GNG.

Onwg xat katd 1o oyediacpd yo e&dtpuion (Schlager et al.?%), étot kot yu
CUUTOKV®OT] [LEc o8 aVAS Ba TapovcLaeTovV dedopéva yio vav TOAD KOO GVAS e
pikpomtepvyle. Onwg meprypdonke vopitepa, o avidg eEwtepikng dwapétpov (O.D.)
9.52 mm (3.8 in) eixe 60 nrepvyia, pe dyog ntepvyiov 0.2 mm (0.008 in) kot yovieg
eMikoong 18%. Ta amotedéopata G CLUTOKVOONG péoa oTov awdd i polikn
nopoyr] 300 Kg/(m?s) gaivovtar otov emdpevo mivaka, yo kabopd R-22 kar ya
ovykevipwoelg Aadov 1.25%, 2.5% ko 5%. Avtdg o mivakag eivor avdioyog Tov
mivake 2-2 v e€dtpon. Onwg deiyvel o mivakag, vadpyer pkpn peiwon tov EF,
koBdg mpootiBetal Aadt oto yuktikd. Qotdoo, avty N ahhayn eivar devtepedovaa.
Ztov mivaka avtd, dev eivarl 1600 QavePSd TO YEYOVOS OTL O GUVIEAEGTIE METASOOTG
BepuomTag KATd TN CUUTVKVWOT pEsa GTOV aLAG ehattdvetal kabdg mpootibetan
Aadt oto wuktiko. o mopdderypo, 1 pelwon o©TOVG GUVTEAECSTEG WETAS0OTC
Beppudmtag pmopel va eivar péxpr 20% yw ovykévipwon Aadov mepimov 5%.
Qo1600, 10 AadL emnpedler ™ petddoon Oeppdmtag pe mopopow Tpdmo Kol O
Aeiovg GOAVEG KOl GE CWANVEG LE HIKPOTTEPVYW Kal, oG amotéheopa, 0 EF aAlalet

Hovo EAaQPaL.
IHMapaperpog Zoykévrpoon Aadwov % | 150 SUS | 300 SUS
Mapayovrag evieyvong, EF Y 2.10 2.10
125 2.45 2.05
2.5 2.00 2.00
5.0 2.05 1.95

IMivakag 2-4: Aedopéva u:téﬁocn]gm Y10 COPTUKVOOT PESA o€ avAd Kabapov R-22
Ko piypata mavrikov og 300 Kg/(m's).

Muw yevikevpévn eicmon yoo petddoon Oeppoémtag o1 CUUTOKVOOT MG
CUVAPTION TOV YEMUETPIKOV TOPUUETPOV OE aLAO pikpontepuyiov Ba NTav mTOAD
ypriown oto oyxedooty. Qotéco, OmWG Kal Yo TOVG EEATHIOTAPEG, Mo TETOL
eElowon dev givan SwbBéoun ot Pifiloypagic. M mpoomabeia €ywve amd tovg
Schlager et al.'s va cvoyetiotodv Sedopéva 1o Slopopetikéc YEMUETPiEG ovADY pe
HKpoTTEPUYLE OO S1apopeTIKEG perétes. QoTdo0, mapatipnoay 6Tt ToAAG amd To
dedopéva mov ftav Swbéoa and ™ Pipioypaeic Ederyvay aviiQaTikég TACELS, MOTE
dev frav dvvatd vo avartuyBei pa yevikevpévn e&icwon. Aviifétmg, emvonoav pia
LOVOTIOPAHETPIKT] CLCYETION YL TOV TOPAYOVIQ EVIOYLONG, G CLVAPTNOT NG
palikic moapoyfc yw ta dwd Tovg dedopéva, mov ANeOnkav o GLAG e
HUKPOTTEPVYLE, ME WUKTKO R-22. O avhég mov ypnoomoincav mepLypaenKe
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Kegpdhao 2: EEatmotiipeg Kot GUUTVKVOTEG CVOTHUATOV KApATIoN0D

vopitepa katd ™ ovl{imon yw mv enidpacn Tov Amoviikod ot petddoom
Bepuomrac. Avtn n epnepikn egicmon ivar n akdrovdn:

/o021
x'r‘r ()’i

EF! - \ (--’._‘- .

[Na va ypnopomomBei avth 1 e€icwon yperdletar 1 iun tov EF yua dedopévn
palikn mopoyr], OTwg oTov TEAELTAIO TTvaKX 1] To TeEAEVTHiO oYM,

2-60

2.5. ONOMATOAOI'IA

A: em@avein, m2,

b: mhdtog, mm.

Bo: adidotarog apBpds fpacuod.

Co: adidotartog apBudc covaywyng.

d: Sudperpog, mm.

D: duaperpog avrov, SIAHETPOG aVAGKMOTG, mm.
EF: ad1dotatog mapayovtog evioyuong.

f: aduotoTog cuvtEAETTNG TPIPNG.

fpi: mrepiyIa ava ivroo.

F,, F,: adidototeg mapapetpot.

Fy: adwdotatn mapdpetpoc, mov e&aptdrtal amd To WYuKTIKO.
Fr: adidotatog apdpog Froude.

G: potuc mapoyr, Kg/(m?s).

h: cvvteleotiig petadoorg Oeppdmrag, W/( m?K).
i: evBadmia, J/Kg.

j: adidotatog mopdyovrag, StPr2?,

k: Oeppikn ayoypommra, W/mK.

I: mapepPoin daxtviiov — aviov, mm.

L: pxog aviov, m.

m: poplako Papog, Kg/mol, palikn mapoyn, Kg/s.
N: adidotatog apldpog oepdvV CVAQDY.

N,: duatdEeig mrepuyiov avé Suaprkn oeipd avddv, adibéototog.
Nu: adidotatog apOpoc Nusselt, hi/k.

OD: e£mTepiky| didpueTpog, mm.

p: Prpa mrepvywong, mm.

P: mieon, Kpa.

Py BaBog didtaéng ntepiywong, mm.

Pr: adidotatog apifudg Prandtl.

Q: Beppomra, J.

q: Oeppoppon}, W/m?.

R: avtictoon, m*K/W.

Re: adwdotatog apiBudc Re, pvL/p 1 pvD/p.

R,: tpaydmta, pm.

s: dudkevo mrepuyiwy, VYOG TTEPLYiIMY, mm.

S: mapdyovrag katdOAyng, S1dKevo avAGY, mm.
St: adidotatog apdudg Stanton, Nu/RePr.

t: ¥pOvoC; Tayog TrepvYion, mhyog ToiXov, mm.

T: Oepuoxpaoia, °C.

V: toyd o, m/s.
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Kegdhao 2: EEatpiotiipes Kal CUPTVKVOTEG GCUOTINRATOV KAPATIOROD

Wo: cvykévipmon Aadiov.

W,: MOYog vypaciog Yo kopeopévo aépa otoug 0°C, adidotatoc.

Wy AOYOG vYpaociag Yo ToV EIGEPYOLLEVO aépa, 0d1doTATOC.
W dudkevo mtepuyiov, mm.

X: TOLOTNTA, VYOG GTPMOUTOG TEYoL, mm.

X, addotatn mopdpetpog Tov Martinelli.

Z: a3160TaTn TOPEUETPOG OTN SLOYETIOT) ToL Shah.

EAAHNIKA ZYMBOAA

B: yovia ehikwong, .

¥: mapépetpog o1n cvoyEtion Tov Shah.

d: hyog mTEpLYioL, mm.

d,: kevd petald mrepvyimy, mm.

8¢ mhyog mTEPLYiOL, mm.

£: a610.0TOTN TAPAUETPOC Yia TN drdTaln Tov TTepuyiov.
u: 1£0deg, (Ns)/m?.

@: OTOTELECHOTIKOTNTA TTEF VYOV,

@,: 0d10TATN AVOAOYiO EVIGYVHEVIC EMLPAEVELNG TTPOG TTV OALKT] ETLPAVELD TTEPVYI®V.

lg: povopaociko.
p: mokvémTa, Kg/m?.

AEIKTEZ

a: Baciletar otnv apBuntikn péon Beppoxpaciaxn dwpopd Tov vépa.

av: pécog.

bs: otpopatopévos (stratified) ppaopdc.
C: AYOYILOTNTA EXAPNC.

cb: Bpacpdg cuvaywyng.

conv: eproyn Ppacpod cuvaywyng.
d: dudpetpog, Paboc, amdbeon.

dry: Enpac.

€: EKTETAUEVOC.

€q: 1.608VVaLOG.

f: vypo, mrepiiyro, mayog, pEVCTO.

g atpoc.

h: vépaviikd, onn.

1: 0TO ECWTEPIKO.

In: péoa.

I: vypo, drwapnkeg.

LMTD: péon LoyapiBuikn d10@opd Beppokpaciog.
m: PEcoG.

N: apBpoc.

nb: Bpacpdg mupnveov.

nucl: weproyn Ppacpod TupnHvey.

0: 070 e£mTEPIKO.

out: é€w.

p: TAGKQ, TEPIHETPOC, COANVOIC.

P: dudtaln, Kopatmong.

pool: otactpog Bpacpdc.
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Kegalato 2: EEatpioTi)peg KOl CUNTUKVOTEC CUGTIHATOV KALpaTiopon

I HEWWHEVOG, OEPE, WOKTIKO.

ref: avagopd.

s: Aeiog avAdg, oTEPED TOlYMUA, KOPEGUOG,
t: CLAOG.

TP: dwpaoiko.

v: atpds, Koada.

Ww: TOiyoua.

wet: vypoc.
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Kegdalaro 3: To povrédo mpocopoineng

KE®AAAIO3
TO MONTEAO NTPOXOMOIQXHX

H mpocopoinon Paciletar oto povréro twv Herbas et. al (1993). To poviého
avTd TPooopoLGVEL Aertovpyia ot otabepéc ocuvlkes, dnhadn otabepr| Oeppokpacia
eETepkoD Kar ecwtepikoy xdpov. o kébe e&dpmua g aviiiag BeppdTnrac,
XpNolpomolovvTal omhég pabnupatikég oyéoelg, mov odnyovv ot dnuovpyic
OLOTNUATOS U1 YPOLHIKOV EEICOCEDY, TOV EMAVETOL APLOUNTIKA.

Apyika, T0 TPOYPOUUO XPTICLHLOTTOLOV0E OTUOEPES TIUESG Y10 TOVG CUVIEAECTEG
petadoong Oeppdrag Tov evoriaktdv. H suveioopd g mapovoag petantuyiakic
gpyaoiag 610 Hovtého Tpocopoimong, eival 1 TPocONKN OPOHEVAV VTOPOLTIVAV.
Avtég o1 vmopovTiveg GUVIEAODYV OTOV VROAOYIGHO TWV GUVIEAESTAV UETAB0OMC
Beppomrag otovg 000 EVOAMAKTEG, TOV EEATUIOTIPO Kol TO OUUTVKVOTH. Ot
VTOPOVTIVEG OLVTES YPTCLUOTOLOVV GUCKETICELG OV cvpumepthapPdavovial oto BiPiio
tov Kakac, koppatl Tov 0moiov mepoucldoTKE 6TO TPONYOUHUEVO KEPALALO.

xm vaéxala TOPOVCIALETOL TO  HOVTELO MPOCOUOIMOTNG  THMUOTIKA.
Inpewbveral, 0T ro mpbypappa sm)%atpai V& TPoGopoLdoEL T Aertovpyia
Béppaveng HIOG cswlcexptusvng avtiiag EPROTITAS, OV [ﬂnmcarm 070 epyacm]pto
Qvowkdv & Xnuikav Aepyacidv. Eivar Eve povtélo ™S Panasonics LE KAvVOTNTQ
Béppavong 16300 Btuw/hr (4.8KW) kot wavotnra yoEngl 1700 Btu/hr (3.45KW). H
eomTePIKT] povdda £xer tov kwdkd CS-GI20KE xoar 1 ewtepikny povada CU-
G120KE. H mpoondbei vo mpocopoiwBel 10 Guykekpluévo KALUOTIOTIKO £YIVE
Kupimg, yoti vanpyav dedopéva amd3o0ong and TOV KATACKEVAOTY, OTOTE PTOPOVCHUV
va yivouv ovykpicelg pe mpaypatikd dedopéva kar va gheyyBei m cwoth Asitovpyia
TOL LOVTEAOV.

3.1. ETYMHIEXTHX

Apykd exTipdTon 1 OgppoKPAGic IGOPPOTIOG TOV YUKTIKOD GTOV EUTHIOTIPO
KOl TO CUUTUKVOTN MOCTE PE TN Xpron ¢ vropovtivag fluids va vmoAoyiotovv ot
aVTIoTOLYEG TECELG 10OPPOTAG. ZTNV 0VGIR TPOKVATOVY OL TECELS AVAPPOPNOTS P,
kat koat@blwymg p, Tov ovpmeoty. Etoy, av Bewpnbei 6Tv mpaypatomoieiton
TOAVTPOTIKT] cvpumieon pe otabepd ekOETN n, T6TE M oYM TOV GLVOEEL TOV €181k
0YKO TOV YuKTIKOV 0T £i6080 U, KoL MV £6080 U, TOL CLUMESTN Eival:

.
U, = LJ,[&Jr 3-1
P

INa tov vroloyiopd tov u, ypnowonoisital mdAr 1 vropovtiva Bewpdviag
QUTRH TN EOPd YVWOTH TNV Tieon wooppomiag Kal T Bepuokpacio otnv €icodo Tov
ovumieot] ion pe 0 dbpowopa mg Beppokpaciag wwoppomiag otov eEuTpioTipa Kat
™G VrepOEpUavVeng, oL TpayHaTomoleital Yo Adyoug acedieng tov cupmest. H
vrepBippovon auty Oswpeitn yvoom] (amd petprioerg) kar ion pe 59C. ‘Erou
vroAoyilovtal ot 1310TnTeg TOV YUKTIKOU oTnv €080 TOU GUMUTIECTT], YEYOVOG OV
EMITPEMEL TOV VTOAOYIOUG TNG TALPOYNS TOV CULQOVEL UE T OYEON:
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Kepdiaio 3: To povrélo mposopoivorg

omov:
» V.0 dyrog Boddpov Tov cvumesT).
« £ novxvomta Tov cvpmeo).
s D : 7 OYKOUETPIKT] GROTEAECUATIKOTNTA T) OOl SiveTal and T oyEon:

n, =C‘,-|l+r 1—[ﬂJ: I 3-3

2l

e C,: 0 0YKOPETPIKOG GUVIEAEGTIIG TNG CUNTIESTIS.
e T: 0 AOYOG TOV «VEKPOU» OYKOV oG TOV OYKO Tov BaAdpov Tov cupmest).

H oyxopetpw| omoterecpoanikémra Aapfaver vméyn oOp povo v
OYKOUETPIKY] ANMAELL AOY® TNG EMAVEKTOVMOTG TOV TAYISEVUEVOD HEGH GTO SAKEVO
TOL CLUMECTY] aePiov, aAhd Kat OAeg TG GAAEG andALES, cvpreplapBavouivng g
dagponc aepiov xubdg kar g mTOoNg wieong tv PaiPiSwv avappdonong kat
katdBAiiyng, HEC® TOV EUTEIPIKE TPOGHLoPILOpEVOD cuvieresT C .

3.2. ZYMIIYKNQTHX

[No 10 ovpmukvet) vroAoYIlETOl O GUVOMKOG OUVTIEAESTNG HETAS0CTG
Beppuomrag U, Pacwopévog om péyiom Beppokpaciaxy dwgopd. ‘Etot,
yvopilovtag TV EMPAVELL TOV, OTMG KOl TG YUPAKTNPLOTIKA TOV EICEPYOUEVOL OF
avtov aépa, dniadn m Oepuokpocic €100d0v Ge aVTOV, TNV TEAPOYT TOV KAl TNV
e Tov Oeppdmra, pmopel va vrmokoywotel 1 efiowon petrddoong Bepudmrog
petagl yukTikov kot aépa pe ) pEBodo g anotedeopatikdmrag. Oa givor:

Q. =m.Cp.64(T,-T;) 34

omov:
L Uc dA
m Cp
g,=1-¢ € €135
OToV:

Q_,: M Beppoppon oTo cvpTVKVOT.
m_: 1) IepoxT oL aépa.
C,.: M &bk Bepuodmra Tov afpa n omoia Bewpeitar otabept) agov N petaBoli
™6 Oeppokpaciag £l ELdOT ENISPACT] GTO GUVOAIKO AMOTEAECUA.
€4 T OMOTEAECPATIKOTNTA.
T,: n Beppokpacia 160pPOTIAS TOV YUKTIKOD GTO GUUTVKVOT.
T..: n Beppoxpacia Tov aépa oV £i6080 TOV GLUTVKVAOTT.
A: 10 epPadov TC EMPAVEINS TOV COUTVKVAOTH.
To Q,, sivar o apyk mpocéyyion g mpaypankng Oeppoppors. Tmv
TpaypaTikoT T, £EWn To Yokt apkd Ppioketal oe xardotaom vaépbepuov
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Kepahawo 3: To povrého mposopoinetg

OTHOV O OMOI0G HETUTPENETOL TEAIKG OE KOPEGUEVO VYPO, 0 CLUMVKVOTIG Ywpiletal
og dVo TuNHaTe. ZTo MP@TO TUNHO Vmapxel vrEpBeppog atpdg evd oto dgvTEPO
THAHG VIdpyeL piypa vYpod — atpol. Amo To apyiké Q , MPOKVINTEL i TPOGEYYION
g Beppokpaciag e£6dov Tov aépa amd 10 cVpTLKVOT He T Porbel g e&iowong
mov kabopiler ™ Beppdtnra mov mpoadidetar otov aépa, PBaon g Beppokpasiog
e16dov T . ko e€680ov T Tov aépa kat £xEL T HOPPN:

0. =mCp(T,~T,) =T, =T,+—25 3

cf

m.Cp,
MNa ™ Beppémra mov amofarler T0 YOKTIKG (Q ,, » OT0 VIEPBEPHO TUTHA TOV
CLUTVKV@TY), Ba wWovEL
O = m_{(h2 _h:) 3-7
omov:

e M. T YVOOT TAPOYT TOV YUKTIKOV.
e h,:nevBadmia Tov yukTixoy ot Beppokpacia £16680v TOL GTO CUUTVKVAOTH.
e h;: nevbadmia Tov yukTikov o Beppokpacia copporiag 6TO CLUTLKVOTY.

Av T__ eivar 1 Bepuokpacia tov afpa yia mv omoin madel va veicTaTol
vrEpBeppog aTUdC, TPOKEILEVOV VI VTOAOYICOVUE TIC EMUPAVELES TOV dVO TUNUATOV
axorovbodpe mv e&ng Sadikacia. Apykd vroroyilovpe v T péce g oyéong
(3-6). Oa givor dnhadn:

To Qedr givat ioo pe ™ BepproppoT] TOL CLUTVKVMTH) TOV TPOKVITEL OO TT) OYECT:

an = AlUchATIn 3-9

omov:

o A, 0 epfaddv g emedvewg omy omoin mpoypaTomolEital HETASooN
Beppomrag petald VAEPOBEPLOL YOKTIKOD Kol AEPQL.

o U, 0 ohikdg ovviereotng perddoong Beppotnrag yuo 1o vepBeppro tuipa v
CUUTUKVOT.

o AT, N HéEon hoyapiBpukt Beppokpaciaki diapopd:

[(Tfl i )_(Tz TTcm )]

AT, = ( 3-10

omov, Ty M feppokpacic. TOV YUKTIKOD 0TIV £16080 TOV GUUTVKVATY.

Apapdvtag To A. amd ™ cuvorikn emedavewr A mpokinter 10 euPadév g
emMQGvelng A, omv onoia Ipaynatonoteital petddoon Beppomrag petaly uiyuatog
VYpPOY Kot aépPlov YukTikoy kKat aépa. Ymohoyiletan tdpa m vmérowm Oepuoppor
Q.,, ™V ocvpmukveT) Bacel TOV OYECEMV TG OMOTEAECUATIKOTNTAS Yo TNV
emoavew A,. H 8eppoppon) avti mpootifetar 610 Q1 va katadiZovpue om v
BeAtiwpévn mpocéyyion g cuvorikig Beppopporg oto cvpmvkvet). H dwdwasia
avty eravolapfaveTol @¢ 0tov 1 dweopd dVo dSwdoyKAV TPOSEYYIoEWV MG
Bepuoxpaciag e£6dov T _ ehayotomomnbei atovg 0.01°C.
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Kegpdharo 3: To povrého npocopoicong

3.3. BAABIAA EKTONQZHX

Zmv ovoia, mpokertarl yia éva Tpyoedig ayyeio mov eEnopodiler otabepn
ntoomn nieong oto yoktikd. Enedn n petafolrn avtr yivetor mohd ypriiyopa, ywpig vo
amodidetar M amoppogdtar Beppdtnto, Bewpeitar wevlahmikn. H mrdon misomng
CLVOELETAL [IE TNV TOLPOYT] COPPMVE HE TNV aKOAoVOT oyéon

(p2 i )vl)”2 = vneckmf 3-11

omov:

e P, T TEST] LOOPPOTIOG GTO COUTVKVAOTT.

e D,: T TieoT 100ppoTiag 6TOV EENTHIOTIPA.

o V_ . Evag EUTEIPIKOG CUVIEAECTNG OV €EAPTATOL QMO TO YOPOKTNPLOTIKG TOV

neck’ . ,
TPLYOELB0VG ayyEiov.

3.4. EEATMIXTHPAX

lNa to ovpmukveot) vmoloyiletar o ovvolwkds cvvieheotrg HeTddoong
Oeppomrag U, , Pacwopévog ot péyotn  Beppoxpacioxn Swwepopd. ‘Etor,
yvopilovtag v em@aveld Tov A’ KoOMOS Kol TNV Tapoy Tov a€pa, UTopohv va
EQPOPUOCTOVV Ol UVTIOTOL(ES CYECELS TG UMOTEAECUOUTIKOTITOG:

Qev = mevcpevgev (Tei - I;) 3-12

Smov:

g, =1-exp - Yod’ | 313
: { m,Cp., |

omov:

o Q.4 M Beppoppor otov eotpoThpa.

e M7 TOPOYN TOL CEPQ.

o C,.. - n adikn Beppomro Tov agpo n onoia Bewpeitar otabepr| opov N petafoin
™me Bepprokpaciog £xel edyiot NIOPUOT GTO GUVOAKO OMOTELEGLLO.

e £ T GMOTEAECHATIKOTNTO.

e T_:m Beppoxpasio tov aépo oy £icodo Tov eSoTioTNPO.

o T,:m Beppokpascia wopporniog Tov YoKTIKOD GTOV ECUTHIOTNPO.

e A’ 10 gupaddv mg emeavelog Tov EATUIOTIPC.

Avto Tov TpokvTTEL oMb TG oxEoels yia o Q kol o Q, givon M vén
extipnon g Oeppokpaciag woppomicg oT0 ocvLumLKVEOT] Kol eEoTHIOTAPO
avtioTol e, onmote «KAEIVEL 0 KOKAOG TOL WOKTIKOV. ZKOTOG TOV TPOYPAUIATOS 00
YPNOLLOTOLEiTAL Elval 0 TPOCHIOPIoUOS, HEC® EMAVOAYEWV, TV OEpLOKPUCIOV
wopportiag T, o T, yia mg omoieg ikavomowEitar apevog 0 OMKG 100L0Y10
EVEPYELLG:

Qev = mf(ht] _hi)

6moL:

o Q. : 7 0Bepuoppor| otov eETIIGTIPE TOV VTOAOYICTNKE TPOTYOVHEVEMS.
o h_: 1 evBadria Tov yokrikod oty gicodo Tov eaTpioTpa.

e h:mevbodnio tov yoktikod oy ££odo Tov eEaToTAPA.
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Kepalaro 3: To povrého nposopoinong

KaL 0QETEPOL 1 oxEon moL avapépetal ot PaAPida ektévoone. Ot evBadmies h. ko
h vrohoyiCovtanr pe  Bonbew tng vropovtivag fluids.

3.5. YioAorizZmMor TN 2YNTEAEXTQN METAAOXHX
OEPMOTHTAXZ

O vmohOYIGHOG TV GUVTIELECTOV LETAO0CTIS BEPULOTNTOG TOV EEQTULGTAPO Kol
TOV CUUMVKVOTH Eival 1 xOple adlhayr 610 HOVTELO, mov mpoNibe omd avth ™
petamruyakt) epyacia. ITo cvykexpipéva, pe Baon cLoKETIoES TOV MEPLEXOVTAL GTO
oyetikd kepdAawo tov Pifriov tov Kakac (deg Pifloypapia kar kepdhao 2),
VIOAOYIGTNKAV Ol CLVTEAECTEG petadoong Beppomrag and Ty Thevpd Tov aépa Kot
a6 TNV TAEVPE TOV YOKTIKOV, TOGO Yo ToV eEATUIOTNPA, 60O Kal Yl To. §O0 Tt
oL cupmukve™. To TPOTO THNAHA TOV CLUTVKVEOTY], OTWC TEPLYPAPNKE VOPITEPQ,
gival TO TUNMPO 610 0Toio TO YUKTIKO eival o€ @aon vrepbeppov atpod. Z1o devTeEPO
TUNHO TO YUKTIKO eival S1paciicd piypa vypov Kot aTpov.

INa 10 6Komd 1OV VIOAOYIGHOY AVTOV, TPOCTEBMKAV GTO TPOYPOULA TEVTE
VIOPOVTIVECS, 0L aKOAOVOES:

1. Ynopovutiva pefhte- H vmopovtiva avtr) vmohoyilel T0 cuvieleotn peTddoong
BeppoTTOC OO TNV TMAELPA TOL YUKTIKOD, OTO GUUTVKVOTYH, OTAV TO WYUKTIKO
Bpioketor péoa otV KOUmAVO KOpeCHOV (S1pacikéd piypa vypold - aTpov).
Epappdotxe n cvoyétion Tov Shah, deg kepdaiato 2:

hyp = h_,u'+£)

.95

0.8
‘jno.‘)z:[l—.l) Pr0.4

X

_ ‘\')D 'I” g Pr’lu.u kf

kat (Dittus & Boelter) j, = 0_023[6(]
' H D

Ot voAoyiopoi €ywvay yio péon mototnta 0.5, cdpewva pe odnyieg and to yyxeipidio
tov Kakac. Ov guoucég didmreg tov youktikod ARednkay ard v vropovtiva Fluids
(xaddvtac v ot 2 onueio endve otV Kaumdve, motomrta 1 kol mowotnto 0) xai
and 10 npdypappc CATT (computer aided thermodynamic tables), mov €xel mapdpola
Aertovpyia, Telikdg, o cvvieheotrig efvar 10 GOpowopa Tov hy, (cvviekeotrig Yo 10
31pacikd YukTIKO) pe 10 h, (cuviereoTrig yia T0 VYPO YVKTIKO).

2 Y7mopovutiva pefhtesh- H VTopovtiva avty vmoloyilel 10 cuviekeotn) petddoong
BeppoTnTag omd TNV MAELPE TOV WYUKTIKOU, GTO GUUTLKVMTH, OTAV TO WYUKTIKO
Bploketoar oe katdotacn vmépbeppov otpov. Eoppdomke e popen g
ovoyétiong Twv Dittus & Boelter:

Pr’’k
h = 0.023[E£—?]“
H D

O puoikég 1810tNTEG TOL VIEPHEPROL YuKTIKOD A@nkav and v vmopovtiva Fluids
(kaddvTog TV o€ 2 onueia, oV £i6080 GTO GUUTVKV®OTY KOl EXGVM TNV KAUTAVO G
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Kegdhao 3: To povrého npocopoinocng

mowdmnta 1) xon and 1o mpdypappa CATT (computer aided thermodynamic tabies), mov
£YEL TOPOHOLX AetToVPYict.

3 Yropovtive pefhtey- H vmopoutiva avm) vroloyiler 1o ocvviedeots) petddoong
Beppotntag amd TNV TAELPE TOL WYUKTIKOV, otov eEatpotipa. Eeapudotnke n
ocvoyétion tov Kandlikar:

T
e 2 ¢ (Co)* (25Fn)™ +¢,(Bo)™* F,

1
6mov otv oaddotator apBpoi ovvaywyns (Co), Bpacpod (Bo) ko Froude (Fr)
vroroyilovtal wg e&ng:

G = (1"%)08(&)0.5

Py

Bo=-Z1-

Gi P

Fr = ?-
p, &b

To F, (=1.5) givat 1616mta TOV YOKTIKOD Kal Y10 TOVG GUVIEAEOTEG 1GYDEL:

Av Co0<0.65, to1¢e:
C.=1.1360
C,=-0.9

C,=667.2

C=0.7

C=0.3

Av Co>0.65, tére:
C.=0.6683
C,=-0.2
C,=1058.0
C,=0.7

C=03

O1 QVOIKEE 110TNTEG TOV WUKTIKOV AeOniav and v vropovtiva Fluids (kaidvrog v
ota 2 onpueia endveo oty kopmdva, mowotnte 0 ko wowdmta 1) kot and 1o TPoypappa
CATT (computer aided thermodynamic tables), mov éyer mapopow Aeitovpyia. O h
vrohoyiletar amd v e€icwon Dittus & Boelter. Tehikdg, o cuvvtedeotng eival 10
GBpotopa tov h, (cvviekeotg Yo T0 d1PaCIKG YUKTIKO) pE TO h (cuvieAeoTig Yo T0
VYPO WUKTIKO).

O P

BN T o )

4. Yropovtiva girhte- H vmopovtiva avtii vrmoloyiCelr 1o cuviedeot) petddoong
Beppdtntag and ™y mhevpd Tov aépa, 610 cLuTLKVOT. EQopudletal n cvoyEtion
tov McQuinston.
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Kegdhaio 3: To povrého mpocopoinong

~-0.15
j4-mw == 00014+ 02618Re;04(§}
T/

21n ovoyétiomn o, o aptbpog Reynolds Boaciletar oy e&wtepiky didpuetpo
00 aVA0D. O A0yog emaveidv eival to mAiko NG OAMKNG EmMEAvELRg TPOG TNV
EMPAVEIDL MG OTOLYEWMOOVG ovotoyiag ovidv (bare tube bank). O sEmtepikog
ouvteheoTig petddoang Beppdtntag vrokoyiletar and Tov mapdyovia j, wg eENg:

j=Stprts = M ppans

pve,
Onote:
h o= Jpve,
= Pr213

O puoikég 1610t1TEg TOV 0€pa AapfBavoviar and mivakeg (ITaomakag, Perry, CATT, beg
Biioypapia) yia wieon 1 atm.

3. Yrnopovtiva airhtev: H vmopovtiva avt] vrohoyilelr to cvvieleotn petddoong
OgppomTog amd TV mAevpd Tov afpa, otov efutpiotipa. Eeopudler v idw
akplpdg ovoyétiomn, pe TNV vropovtiva airhtc, dnAadn TV vmopovtiva TOL
McQuinston. Towg o avayvaomg avepmnOel moa NTav 1 okompudTnTe dNHIoLVPYiag
NaPOPETIKNG vrOPOVTIVOG Yt TNV TEpimT@on avty. ATADG, 1O TPOYpPapuo
nopovaiale Tpofinua Otav, apyikd, 1 CVIHETOTIOT YwvoTav pe pio vwopovtiva yia
ToV 0épal.

ZNUEWDVETOL, OTL TO YEMUETPIKA YAPAKTNPLOTIKG TV EVOAAOKTMOV BepudtrTog
Mebnkav and tpewg mnyéc. Ilphta, m oavalimnon ywotav oto eyyepidio 1oL
KQTOOKEVOOT. AV vanpyav dedopéva, YPNOLULOTOOVVTAY GUESH. LTN GVVEXELD, OV
dev vmpyav dedopéva, YIVOTAV ETITOTOV TOPATHPT|OT KoL HETPTIOT OTO KALUATIOTIKO
10V gpyaotnpiov Pvowkdv & Xnukov Awepyacidv. Télog, omov dev MTav €QKTd
TITOT AN TO MAPATAV®, YPTIOLULOTOOVVTAY TUTIKES TIHES amd To PifAio Tov Kakac.

Méver va oulnnBovv dvo akdun nmuata, Tpwv avaivbel o vroloyiouds tmv
OMKGV CUVTEAESTMOV petadooms Oeppomrag yua xdbe evoridaxtn Oepudmmrog. To
TPMOTO €ival 0 VTOAOYIOHAS TNG EAEVOEPTC EMPAVELNG POTIS TOV a€pa. AVTO YivETAL HE
EQPUPHOYT TNG EMOUEVTS OXETTIG!

3-14

v eCicoon avt eivar w=0.022-D_ , 6mov 0.022 10 Pripa tov aviov kot D 1
eEwtepiky dapeTpog v avimv. To mAbog Tov avhdv ava oepd (2 oepéc) eivar
N ovioens— 12 Y10 TNV E00TEPKN povada (cvpmokvethc) kat 19 yia mv efotepki
povada (e€atotpag). To pnkog tov kGbe evalhdktn Aappdvetor amd To eyyepidio
TOV KOTAOKELAOTN.

To debhtepo {Rmnuo elvar 0 VIOAOYIOUOC TNG EMPAVEWS  EVOAAUYTS
OepudtnTog kdbe evairdktn. O VIOAOYIOMOS TOV OAMKOU GUVIEAECTN] UETAS0OMG
BeppotnTag, TG00 Yo T0 CLUTVKVAOTY 600 Kat yia Tov eEaTpoTpa, yivetar pe Baom
mv oAkt eEmtepiky] emoeaven, poli ko pe to wrepvy, 6nwg Ba pavel kot ot

.
Aream'r = WIN pvdiv aEipd Lo'wxsmi;
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Kegdlaro 3: To povrédo npocopoimong

ovvéxew. Na va Ppebei avt) N emedvein epappdletal apyikd 1 akdiovbn oyéon,
OV VTOAOYILEL TNV OAIKY] EMOAVELE TOV TTEPVYIOV:

2 ) . 1
A, (m°) = emedvera | fin * fpi* =y * Lioine 919
O ovvtekeonig 0.0254 petatpéner g ivioeg o pétpa. To fpi eivan ta wrepima ava
ivtoa.
I cvvéyewr vroroyileton 1 EOTEPIKT] EMPAVELL TOV AVADV:
A. (m)=N__*N_ ... L . *n*D,, 3-16

OUOKELN]
Zm oyéon avth epgavilovtal o1 apBuoi oelpdv avAdv, o1 avhoi avd celpd, 7o pfikog
ToV evoAraktn kat 1 eEOTEpIKT] SIAUETPOS TGOV QVADY.
Télog, n ol efotepiky| em@dvewr eivar 10 @GBpowcpa TtV Vo mopomAve
EMQAUVELDV:

Ay (m®)=A,, + A4, 3-17

Metd and 6ha avtd, T0 wOVO OV WEVEL £iVOL O VTOAOYICUOS TGV OMKAV
ocuvvteleotd@v petddoong Bepudmrag Y Toug 2 evorraxtes. O oMkdG CUVTEAESTIG
petddoong Beppdmtag pmopei va amhomomBel ayvodvtag TS BEpUIKES AVTIOTAOELS
nov oyetilovtan pe T anobécelg ecmtepikd kol eEWTEPIKG Tov avAiov. Extdg amd
T00g dV0 ouviEAEoTéG, and TV mAELpd TOv YukTikoD (h) Kai amd ™V mAevpd Tov
aépa (hy), apPavovtar vedym 3 axdun Bepuikég avriotdoels. Avtég eiva:

o H Bepuuic avtictaon enagrg tov ntepuyiov pe Toug avioig, h . Toupawva pe o
gyxewpido tov Kakac, o mipq mg taEng tev 2500 Btu/(hroF ft2) n 14.195

KW/(0Cm?), eivar pe péon tun Oepuucg oayoylpodmntag, mov UTopel va

XPTOLOTOIEITOL OE VITOAOYIGHOVG. AVTH 1] TIUT| XPT|CLLOTOLEITAL KL OTO HOVTEAO.

o H Beppucy avtiotaon mov mpoxdmtel and 10 1A:X0G TOV TOYDUATOG TOV AVAOY, T .

e H Oepuix oaviiotaon mwov mpokvMTEL EMEWT TO TMTEPVYO dEV  E£YEL
amoteleopatikotnTa =100%.

[Tio ovykekpipéva, akohovbeitar 1 akélovdn dwdikacic. O oAkdg CVVIEAECTNG
petddoong Beppotntog yia kabe evariaktn eivar:

1

U =

T4, AL, 1-g 1 _4
A

Ak Ak, et h, hA,

O1 Loyor empaveudy o tapandve egicwon vroloyilovtar wg e€ng, ocdupwva Ue T0
napdderypa Tov KeQoAiov 2, amd OWOV KUl WPOEPYOVIOL TG OTOYEIR TOV
APNOLLOTOLOVVTUL GTOVS VTOAOYIGHOVS QVTOVG:
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Kegdharo 3: To povrédo npocopoimeng

YnevbopiCeton 6Tt A fA , Elvan 0 A6yog g ohkng e€mTepikng empdvelng (pali pe
0 TTEPVYILL) TTPOG TV sémtspucn EMPAVELD TOV CVADV, EVD A /A etvar 0 Adyog g
oA e€mTepKnG empavelng (pali pe ta mtephya) mpog 'I:‘I‘[V ecscotepucn EMQAVELL
TV avAdv, b kot hy eivon ot pepioi GUVTEAEGTEG QO TNV TAEVPE TOV YUKTIKOV KaiL
oand v frleupa TOL Gépa avTicTOLKd. A = EVOL T LECT] EMPAVELDL TOV TOLYDUATOG TOV
ovA00.

Téhog, onperdverar 611 xovpe 3 ohikovg ovvteheotéc. Tov ohikd cvvieheoTr|
petddoong Oepudémtag otov efatpioTipe kot 2 OMKOUG GUVIEAESTEC GTO
cvpmukvet). O évag avtiotolyel 6To VIEPOEPUO TUNHA TOV CLUTVKVOTN Kot 0 GAROG
OTO TUNHE 7OV TO WUKTIKO Elvar péoa otV Koumdva Kopecpov, dniadn eivar
dpacikd piypa vypov — atpo?.

3.6. H YIIOPOYTINA FLUIDS

H vmopovtiva avt tpomomomibnike and tov Tim McDowell 1o 1992 «xat
YPNOLOTOLEITUL YIoL TOV VTOAOYWOUO TV Bgppodvvapikdy 1810tV TOAAGOV
dpopetikdv yoktikdv. Avta eivor ta R11, R12, R13, R14, R22, R114, R134a,
R500, R502, ko 1 appovia (R717). Avapecsa toug eivar kar To R22 mov ypnopomoiel
1N KAMpatiotikn povada tov epyactnpiov. Anopaim apodndbeon eivar n yvdon dvo
ToLAGoTOV Wt Tev Tov Youktikod. H vmopovtiva £xel ™ popen:

FLUIDS(UNITS,T,P,H,S,X,V,UMU,K,NREF,ITYPE)

H petapint UNITS pmopetl va maper tnv tiun 'EN' 6tav ot povadeg mov
ypNopLomoovvToL givat Tov ayyrooatovikod cvotnuartog 1 'SI' 6tav o1 povadeg eivar
tov Oiebvovg cvotiuotoc. H petapfintm NREF avoaeépetar 6to voduepo Tov
yukTiko® Tov omoiov ot Widtteg avalntovvral. H petapint ITYPE xabopilel Tic
Vo yvmotég 1010t TES TOL YuKTLIKOY 01 0Moieg B xpnoipomonbodv TPOKEEVOL Vo
TPOKOLYOLY Kot 01 vEdhowtes. O TPOTOG APONOG AVAPEPETAL GTHV TTPDOTN 10T T Kot
0 devtepog oty GAAn. Onwg paiveton and ) cvvian g vmopovtivag, 1 TPO
womta sivar 1 Bgppokpacio kor 1 TeElevtaia o edikdg 6ykoc. ‘Etol av ov yvwotég
1010 Teg eivor 1 mieon ko 1 evipomia, 10Te M petaPAnth maipver v Tiun 24. Ou
Beppokpaciec ewdyoviar gite oe Pabpovg Kehoiov eite oe Pabupovg Papevdrr,
avAaAOYQ [E TO TTO10 GUCTIHE YPNCLUOTOLELTAL.

3.7. OI METABAHTEX TOYTIPOI PAMMATOX

Ztov endpevo mivoka mopovotalovial ot PETAPANTEG TOL TPOYPANHATOG.

tel ®epPoKpacio YUKTIKOD 6NV £16000 T0v cupmvkvaTn (9C)
tc2 ®eppokpacio YuKTIKOL 6TV £€£000 TOV cLUTLKVAOTH (UC)
dtsc YnowuEn oy ££000 tov cvupmukvetn (VC)
tc_eq Beppokpacio W6oppomiag oty ieon Tov cupmvkve T (YC)
pc_eq llieon cvpmokve (Pa)
tevl ®epprokpacio YLKTIKOV 6NV 10000 10V eCatpiotpa (¢C)
tev2 Beppoxpacio YoxTikov otny ££000 TV ECaTHITpE (UC)
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Kegpdahaio 3: To povrélo npocopoivong

dtsh Yrepbéppavon atny ££000 tov eatpompa (°C)
tev eq ®eppokpacio woopponiag otny mieon tov eatpiompa (9C)
pev_eq [Tieon eCatpiompa (Pa)
vneck Epmelpikog GUVTEAECTIG TOV TPLYOELOOVS AYYEIOV
pol EKYETNC TOAVTPOTIKI|C CUUTIECTC
svol Uykog darapov coumest (m-°)
rvol A0YOG VEKPOV 0YKOV TPOG 0YKO HAAGUOV CUUTESTT)
ccomp OYKOUETPIKOG GUVTEAECTI|C CUUTIECTIS
freq 2UYVOTNTA AELTOVPYIOS cupumEesTY) (HZ)
xmf MaCum mapoym yoktikov (Kg/sec)
tcal ®EepUoKPaCio AEPE GTNV £16000 TOV cuumvkve T (YC)
tca2 Oepuoxpacia agpa oty ££000 1oV cupumvkve (°C)
xme MaGim mapoym aepa 610 cupmvkve (Kg/sec)
cpe Ewdw Beppomra agpa 1o cupmvkvet (KI7/KgK)
areac OAwm emoavew evaiiayng deppomrag cvpmukveot (m?)
coefcl OAKOG oLVTEAEGTNC HETAdOOT|C BEppoTnTag oTo VIEpbeppo TUNuUa
tov cvpmvkvet) (KW/OCm?)
coefc2 OAMKOC GUVTEAEGTI|C HETAOOGTIC UEPUOTITAC GTO TUTHM TOV OLPAGIKOV |
UiYHOTOog VYPOY - AEPIOV YUKTIKOV TOV cuumukvath (KW/°Cm?)
coefrel 2UVTEAECTNG HETABOOTIC DEPUOTNTAL TOV YVKTIKOV GTO LAEPHEPHO
TuMpa Tov cupmokvet) (KW/0Cm?2)
coefrc2 LUVTEAECTTIC HETAOOCTIC UEPUOTNTAS TOV YUKTLKOD GTO TUTHO TOV
S1pao1KoD Piypatog YukTikoy 10U cupmukvet) (KW/ACm?2)
coefairc LUVTEAECTTG HETAOOOMG DEPUOTNTAG GO TIV TAEVPA TOV OEPT GTO
ovpmukvet) (KW/0Cm?)
teval Oeppokpacia apa atny £i6000 T0L e€atpotpa (9C)
teva2 Bepupokpacia atpa oty 5000 TOL eCatpiotpa (UC)
xmev MaClum mapoyn aépa otov eCatpiotmpa (Kg/sec)
cpev Ewwn Beppotnto agpa otov eCatpotnpo (KI/KgK)
areaev Ol empavewa evariayng Beppotnrag e€atpiotpa (m?)
coefey OAIKOG oVVTEAESTNG HETAOOONG DEPHOTNTAG TOV ECOTHIOTIPC
(KW/0Cm?2)
coefrev 2uvteAeomg Hetddoong DEpproTnTas ToV YUKTIKOL OTOV EEATHIOTPA
(KW/°Cm?2)
coefaire LUVTEAECTIG LETAOOOTG DEPUOTNTAG TOV CLEPQ GTOV ECUTUICTT|PA
(KW/°Cm?2)
qcond Bgpuomra mpog dudbeon oto cupnukvet (KW)
gevap Beppomra tpog dabeon otov eCatpiotpa (KW)
wcomp Epyo cvpmeat (KW)
CcOoP 2vvteieomc anodoaong, Coethicient Ol Pertormance

Hivaxog 3-1: Metafintéc Tov mpoypapparoc.

3.8. AEAOMENA EIX0A0OY — APXEIO EIX040Y

Ot emdpeveg petafintéc anaptilovy 10 GHVOLo TOV dedopévev 16030V oV
QMOLTEL TO HOVTELO:

e pref: TUMOG YUKTIKOV. 22.
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Kepalato 3: To povréio mpocopoinong

o pol: TOAVTPOTIKOG GUVIEAEGTHG GUUTIESTS, 1,26

e svol: 0Yx0g BaAdpov TOV GUUTIESTY, (.000013m"-

e rvol: M0YOG TOL «VEKPOD» OYKOV TPOG TOV OYKO TOV BaAGOV TOV GLUUMESTY, (-
o ccomp: OYKOUETPIKOG GUVIEAEGTHG CUUTIEGTG, (),8-

o dtsh: N vrepBEppavon oty €£odo Tov eatioTpa, 5.0 OC.

s vneck: EMTEPIKOG OLVTIEAEOTHG TOL TPLXoewolg ayyesiov, mpoodiopiletar
EUTELPIKG Kl GUVTEAEL TN GUYKALOY] TOV HOVTELOV.

o teal: Oeppoxpacia 166300 agpa 670 CUUTVKVOTH, 22°C yia Oéppaven-

e xmc: TAPOYN AEPQ GTO CUUTVKVOT, (1,219 Kg/sec:

o cpe: €8T Beppomra T0V 0€pa 0T0 CUUTLKVOT, 1k J/kgK-

o areac: EMQAVELD EVaAAYNG BEPUOTNTAS TOV CUUTVKVOTY, 6,978 m?-

s xmev: TPOYT 0AEPQ oTOV EEATIOTPA, (.47 Kg/sec:

o cpey: £ BepudTnTa T0V a€pa cTOV egaTotpa, 1kJ/kgK:

e areaey: EMQGvewW evodhoyng Oeppudtnrag tov eEaTHIoTPa, 9. 769m?-

o freq: CUXVOTNTA AEITOVPYiOG TOL GUUTLESTY, 40-120 Hz:

Oleg o1 mopambve pPetafAnTés, €KTOC amd TN ovyvoTTa AEITOVPYINS TOV
CUUTIESTT, Sivoviol 0T0 apyeio €10080V TOL TPOYPAUHATOS, OV EYEL TOV TITAO
“opening’- H ovyvomra Aettovpyiag Tov cvpmiestn divetal amd 0 TANKTPOAOYIO —
000V, TPV EKTEALECTEL TO TPOYPOLUUAL.

Ou TAnpogopieg Yot TIG TAPATAVE UETOUPANTEG TPOEPYOVTOL KLPIMG amd TO
eyxewpidlo Aertovpyiog TG KAHOTIOTIKNG HOvadas, £ktog amd to nref, mov eivon
emhoyn oty vropovtiva fluids, to V., mov extudran epmelpikd kot to dtsh, mov
vrodoyiletar pe ) Porbea Beppoctoyeimv mhve ot povade. H edu) Beppdmmra
TOV @€PO. OTO CUUTLKVAOTN Kot Tov e€atpiotipa Bempeitol idia o iom pe 1 kI/kgK. H
Beppokpacia Tov aépa GTNV £I0030 TOV CUUTLKVOTH Yo cLVONKES BEppavang eival
ion pe 22 °C (Beppoxpacio dopatiov yur TN yeepvi] tepiodo), evd yio cuvOnkeg
Yuéng opaivetar and 29 wg 40 °C. Avtictoiya 1 Beppokpacio Tov aépa 6Ny £16060
tov efatpiothipa Yoo cuvinkeg wokng eivon 27 °C (Beppokpacio dopatiov yio
Kalokopvn mepiodo), evd yia cuvinkeg O€ppavong kopaivetal and -3 wg 10 °C.

3.9. ZXYI'KAIXH TOY.ITIPOTPAMMATOX

Onwg toviomke kol vopitepa, ywr vo VAGPYEL HETPO GUYKPLONG TOV
QTOTEAECUATOV TNG TPOCOpoimong, kpibnke oxomun m yprion OSedopeveov g
KAMUOTIOTIKTC  povadag mov vrdpyet oto gpyactipo Puowdv & Xnpikdv
Awepyaociav tov Ilavemomuiov @csooarioc. Q01000, 100 AMOTEAECHATA TOV
TPOYPAUUOTOS ElYAV OTOKAICELS a0 TOL OTOTEAESHATO MOV OiVEL O KOTACKEVAOTIG,
060V a@opd 1O YIWVOHEVO TOV OAIKOU GuvtereoTn petddoormg Beppotntog kdbe
EVOANGKT HE TN OLYKEKPévr empdvele gvodhayrs. O emdpevog mivakog
TapoLoldlel Ta amoTeEAéoHATA VTR Kot TG S10pOMOEIS MOV £yVOV GTO TPOYPOMLLE,
MDOTE TO. OTOTEAECUATO TNG TPOCOUOIMOTS Vo CLUYKAIVOUV HE TO AMOTEAECHATO OV
npoPAénel o kataokevaotig. H odykpion yiveton yia cvyvémra cvumeot 98 Hz,
gmedN Yy TN ovyvOTTA ALTH €XEL YiVEL TO rating omd TOV KATOAOKELOOTY, OF
ouvvonkeg Béppavong.
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Kegpdlaw 3: To povrého npoocopoinong

ESarmomipag YrépOeppo Tupa | Awpaciké tprpa
CUPTUKVOTY CUUTVKVOTH
Movt£ho 0.3T6 0.0287 0.16
Kataokevaotig 0.221 0.02567 0.18433
AwbpBoon 0.699 0.894 1.15
(molhomhacracpis
TS POVTELOV £mi)

IMivaxag 3-2: IIpocappoyn TOV OMK®OV GLVTEAEGTOV petddocns Beppétnrag
(rollamiaciaopiveov Eemi TNV EMQAvVEWN) ®OOTE VO  GUyKAivouvy pe  Ta
OTOTEAECRATA TOV KUTUOKEVAGT.

Zt ovvéyewr. yw vo teietomownBel M olvykAiom Eywav MEPAPATR Yo
dapopetikég TG tov cvvieheoty v, g PoABidog extévwong (tov Tproeldn
coifiva dniadn)). Avtdg eivol évag EUTEIPIKOG OCULVIEAECTAG, MOV CULVIEAEl o
oVYKAoT TOV €E1I0D0EMV TOV TPOYPGUUOTOS KAl EVOMUATMOVEL TNV Gyvole Y10 To
eowvopeve. mov Aaufdvovv ydpa otov Tpyoewd] coinva. O ovvieheoTthg 0LTOG
pumopet va kopaiveror amd 50-100. Zto mpoypoppe, 1 KOAVTEPT CUYKAIGT UE TO.
OMOTEAECHATO, TOV KOTAOKELAOT) emTevXOnke Yo y . =97. Zta Slaypdppiate mov
akorovBodv @aivetol 1 cvykAlon Tov Beppikov QopTiov mpog didbeon Kabdg Kot g
TiEONG TOL CLUTVKVOTY).

ZoykAon pe mpaypatikda dedopéva

5.5
5,0
4,5

4,0

BepudTnTa Tpog
8l08eon (KW)

3,5

3,0
-3 -2

1 2

3 4 5

6 7 8 9 10

Yyt meon

(MPa)

O¢ppokpacia neptParhovrog (C)
—4— qcond real (KW) —8— gcond model (KW)

Zoykhon pe mpaypoatikd dedopéva

3-2-101 2 3 4 5 6 7 8 910

O¢eppoxpacia mepifdirovrog (C)

—&— pc_eqreal (MPa) —@— pc_eq model (MPa)
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Typna 3-1:
Xoykhion Tov
UTOTELECRATOV
™ms
TPOGONOIimONG
pe Ta
anoteAéopaTo
TO0V
KOTUGKEVLAOTT|,
OgppoTnra mpog
owaBeon.

Typa 3-2:
Zoykhien Tov
UTOTEAECPHATOY
™ms
TPOGONOIOGTG
pE TO
amoteliopaTa
TOV
KATACKEVLOOTT,
migon
CUPTUKVOTY.
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Kegarawo 3: To povrého npogopoineng

3.10. APXEIA AIIOTEAEZXMATQN

Ta amoteréopata exktum@vovial ce 8 apyeia, EVO TO £pY0 TOV GUURIECTY
gktum@vetal omv o8ovn. Ta apysic avtd eivar ta akdériovba yw tn Aetovpyia
Oépuavonec*:

l. ‘apo’- Eivar 0 xvping apyeio tov anotereopdrav. E3d extumdvovian ta efig
ueyédn v Beppoxpacies tepBAALovIog teval=-3 wc 10°C: feppomra mpog Siabeon
v cvumest geond (KW). COP: Oeppokpacia e€6dov 10V aépa amd TO
cvpmukveT teg2 (°C), Bepuoxpacia ££680v tov aépa and tov LaTICTPA teya2
(°C), micom 1c0ppomiag GTO GUUAVKVOT pe eq (Pa), mieon woppormiag otov
egatpoTipa pev_eq (Pa) xat €pyo cupmieong wcomp (KJ).

2. ‘syntelestes Wibm exkTUIT@VOVTAL Ta EENG uzya&r] Y Bepuoxpacieg repipdriovrog
teval=-3 g 10°C: coefcl: coefc2: coefev: coefrcl: coefrc2: coefairc: coefrev

coefaire> xmf
3. ‘olikoi syntel - E3® extum@vovial 10 YIVOUEVE TOV OAKOV GUVIEAEGTAOV UE TIC

EMQAVELES OTLS OMOIES Eival VTOAOYIGUEVOL.

4. ‘¢’. Edd extumdvoviar Quoikég O10TNTES TOV YUKTIKOD GTO GUUMVKVAOTY, HECT
GTIV KOUTAVE KOPEGHOD.

5. ‘ca’- E0G exrumdvovtal uotkég 110TTES TOV aépa GTO CUUTVKVATY).

6. ‘csuprht - E3® extum@vovial QuoiKES WOTNTEG TOV YUKTIKOD OTO GUUTVKVATH),
010 VAEPBEPUO TUNHA TOL.

7. ‘e’. Ed® extumdvovtar puotkeg 110t Teg T0V YUKTIKOD 6TOV eEUTHIGTPA.

8. ‘ea’. EdG extumdvovtal Quoikég 0N TES TOV aépa GTOV EEATHIOTIPA.

* O peraPintéc napovcialovral kat enenyolvial 6€ IPONYOUUEVO oTjpEio Tov Kepahaiov.
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Kegpdalaro 4: Amoreliopara mpocopoimong yia t Aertovpyia 85ppaveng

KE®AAAIO 4

AIIOTEAEXMATA ITPOXOMOIQXHYE TITA
TH AEITOYPI'TA OEPMANXHX

H mpocopoinon £ywve Yo Aettovpyio Oéppavong g avriiog Oeppdtnrog. O

petopAnTég mov vwoAoyilel To poviéro gival ot akdrovbeg:

H Beppomra npog d1ibeon geond-

To €py0 T0V CVUTIEST weomp-

O ovvteleotg amddoong COP-

H migon 160ppotiag 670 COUTVKVOT] pe eq KOL TOV EGOTUIOTAPA pev_eq:

H 6eppoxpacio e£630v oV 0€pa amd TO CLUAVKVOTY| ¢eq2 KOl TOV €EQTUIGTHP
teva2-

o H mopoyn tov yukTikod xmf:

o O ohikég ocvvieheotg petddoomng BeppuoTTOG TOV ECATUIOTAPY coefeys O OMKOG
ovvteleothg petddoong Beppomtog 6To VIEPOEPHO TUNHA TOV GUUTVKVOT cgefel
KOl 0 OAMKOG ovvieleotn)g petddoomng BOeppomtag o©T0 SWpUolkd TUMHO TOV
CUHTVKVOT ¢coefe2-

Ou mapdyovteg mov petafdirioviav katd ™ Sidpkeln TOV TPOCOUOLDOEMY

elvat:

o Hovyvémra 1o cupmect freq:

e H Oeppoxpacic tov aépa omv eicodo Tov efatompa (Beppokpacio
mePLPAALOVTOC) teval.

Mia oaxépun mapdpetpog mov 6Ho pmopovoe va  petofdAdietor eivar m
vrepBéppavon oty €£odo tov efatompa. H tpn mg vrepBéppavong Aednxe
otafepn kot ion pe 59°C. Onwg amodeiytnke o€ TPONYoO eV SIMAOUATIKT Epyacior, 1
petafoin g vmepBépuavong emmpedler eAdyiota Ta amoteiéopata. o 0 Adyo
av1d, dev kpibnke oidmpn N petafoin g vasphEpraveng Katd v TpocopoinoT.

Ta amoteléopato mapovoialoviar vwd popen Sraypappdtov 6T GUVEEL.
210 TOPAPTNHE, TOPATIOEVTAL Ol TIVOKEG HLE TO ATOTELEGHOTO TNG TPOTOLLOIMOTS, TOV
YPMOILOTOMONKAY Yia 1 dMovpYic AVTAV TOV YPOPIKOV TAPACTACEMV.

e o o o o

4.1. OEPMOKPAZXIA IEPIBAAAONTOZX -3°C

Zto Swypdppate mov axkolovbovv, mapovoidloviar yuw Oeppokpacio
nepidilovtog teval=-30C, n Beppotnro mpog didbeom, to £pyo cupmieong, o COP, 1
VYNAN Kot M xounAn mieomn tov kOKAov, 1 Oeppokpacio e£6dov oV wépa amnd TOV
g€oTioTpo. KoL OO TO CUUTVKVAOTH, T TOPOYN TOV WUKTIKOV kKol ot ohikoi
cvvieheotés petadoong Beppotnrog. Avtéc o1 petafintéc mapovoralovrarl oc
o0 pE TN oVYVOTNTA ALtTovpYig TOV GUUMIESTY, 1] omoia perafdalletar amo
40-120 Hz:

#

* Tmhpov Ddg, Ymodoyiotiky mpocouoiwon Aertovpyios avidias fepudmrag, Amhwpatiky Epyooic,
Epyactipio @uowdv & Xnukdv Awpyecidv, Tunpo Mnyavoddywv Mnyavikav Biopnyaviag,
Tovemotiuo @ecodiiag, Bodlog, 1999.

90

Institutional Repository - Library & Information Centre - University of Thessaly
23/04/2024 21:53:10 EEST - 3.14.13.79



Kepalato 4: Anoteléonara nposopoinang yia tn Asirovpyia Béppaveng

N

o = 0 W

40 50 60 70 8 9 100 110 120

—o—qcond KW —8— COP —a— wcomp KW

2
15 - i
|
0.5 ._.-F':':':._._.—H_H—._.—.—T
0

40 50 60 70 8 90 100 110 120

—+—pc_eq MPa —&—pev_eq MPa

40 S50 60 70 8 9 100 110 120

—e— coefe] KW/OCM2 —s— coefc2 KW/0CM2
—a— coefev KW/0Cm2 —e— xmf Kg/s
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Kegpdhaio 4: Anotehéopata npocopoicong yia T Aertovpyia O&ppaveng

4.2. OEPMOKPAZXIA IIEPIBAAAONTOX -1°C

5
| 4
! 3
2
| I =1
| o]
| 40 5 60 70 8 9 100 110 120
| —— qcond KW —=— COP —a— wcomp KW
23
2 3
15 o
| o
, 05
0
| 40 50 6 70 8 90 100 110 120

|+pc_eq MPa —8—pev_eq MPa

50
40
30
20
10

0

-10
-20

[Eessseseee—

11 ouU n\ aU YU LOU

110

——tca2 0C —=—teva2 0C

40 50 60 70 8 90 100

110

120

—a—coefcl KW/0Cm2 —8— coefc2 KW/0Cm2;

—a— coefev KW/0Cm2 —=— xmf Kg/s
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Kegpdlawo 4: Anoredéopara mpocopoimong yia T Aetrovpyia 0éppavong

4.3. OEPMOKPAZIA IEPIBAAAONTOZX 0°C

un

= L LT I N
i

40 50 60 70 8 9% 100 110 120

—e—qcond KW —8— COP —a— wcomp KW

I

Fa

th = Th o n
|

&

8

50 60 70 8 9 100 110 120

——pc_eq MPa —=— pev_ed MPa

40 50 60 70

80 9 100 110 120

—a—coefc] KW/0Cm2 —=— coefc2 KW/0Cm2
—a&— coefev KW/0Cm2 —s— xmf Kg/s
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Kepahaio 4: Anotedéopata npocopoinong Yia TN Acitovpyia 8éppaveng

4.4. OEPMOKPAXIA TEPIBAAAONTOZ 2°C

N L L e O

8

50 60 70 80 90 100 110 120

—+—-qcond KW —8— COP —&— wcomp KW

Lo

. 40 S0 60 70 8 9 100 110 120

) —+—pc_eq MPa —8—pev_eq | MPa

|| S

———

-10 0

: 0,04
, 0,03

0,02
* 0,01 ¢
i 0

40 50 6 70 8 9 100 110 120

—o— coefc] KW/0Cm2 —=— coefc2 KW/0Cm2
—a— coefev KW/0Cm2 —e— xmf Kg/s
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Kegalato 4: Amoteréoparta tpocopoioneng yua T Aerrovpyia Oéppavang

4.5. OEPMOKPAZXIA IEPIBAAAONTOZX 4°C

I:.lt.u-l-\unCh
|
i
g.

40 50 60 70 80 9% 100 110 120

—a—-gcond KW —8— COP —a— wcomp KW

4

-

e :
(=S I ]
|

|

9 100 110 120

&
wn
=
3
3
8

':o—pc_eq MPa _—D;_pev__eq MPa

50

40 =
30 |

20 e ———— =——=—— S

40 50 60 70 8 9 100 110 120

—e—coefc] KW/0Cm2 —s— coefc2 KW/0Cm2.
—&— coefev KW/0Cm2 —e— xmf Kg/s
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Kepahiaio 4: Anoredéopata mposopoineng yia t Aertovpyia Oéppaveng

4.6. OEPMOKPAXIA TEPIBAAAONTOZX 6°C

(=3

b = n

o -

—e—qcond KW —=— COP —a— weomp KW

2 Ln

—
-
&L

=
S W = Uh

40 50 60 70 8 90 100 110 120

—+—pc_eq MPa —8— pev_eq MPa

60
50
40
30 4
20

10 {— —_ - —

10 ey

44 50 o0 70 B0 o0 100 Tto—120

—+—tca2 0C —8—teva2 0C

40 50 60 70 8 9 100 110 120

—o— coefcl KW/0Cm2 —=— coefe2 KW/0Cm2
—a— coefev KW/0Cm2 —e— xmf Kg/s
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Kepalato 4: Anotedéopara npocopoinong yua T Aarovpyia BEppaveng

4.7. OEPMOKPAZIA IEPIBAAAONTOZX 8'C

40 50 60 70 80 S 100 110 120

—&—-qcond KW —&— COP —&— wcomp KW

:-u'{::w
|
|
|i

=
O Lh == Lh
L
I
1

| 40 50 60 70 8 9% 100 110 120

+ —+—pc_eq MPa —s— ;_:Jev_eq MPa

50 — - !
40 . —
30 4 ——

o0 = Samm

10 - —

-10 S0 0 S0t 110120

_ 0,04
1' 0,03
0,02 -

] 0,01
0

40 50 60 70 8 9 100 110 120

—a— coefc] KW/0Cm2 —=— coefc2 KW/0Cm2
—a— coefev KW/0Cm2 —e— xmf Kg/s
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Kepalaio 4: Anoteléopara nposopoineng yia i Aerrovpyia Béppavong

4.8. OEPMOKPAXIA [IEPIBAAAONTOZX 10°C

—+—qcond KW —8— COP —a— weomp KW

p—

(]

-

-] —
S h — h D L W
&l

I

50 60 70 8 9 100 110 120

.
=

——pc_eq MPa —s—pev_eq MPa

50 4
40 W
30 9

40 50 60 70 8 9 100 110 120

40 S0 60 70 80 9 100 110 120

—o—coefc] KW/0Cm2 —=— coefc2 KW/0Cm2
—a— coefev KW/0Cm2 —=— xmf Kg/s
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Kegpdhoro 4: Anoreléopara nposopoinetg yia 1 Astrovpyia Béppaveng

4.9. 2ZYI'KENTPQTIKA AIATPAMMATA

Zmn ouvéxew mapovowfovrar Ta SlypAppATe TOV TPOKLTTOLV amd M
GLYYOVEVOT] TV TPOTYOOREVOV oy pappdTov, Yo kabe petafinti yopiotd.

7
| 6 R 4
g = L —e—teval—3C
k&é 4 ' —a— teval=0C
Eﬂg 31 —¥—teval=4C
g 24 —e—teval=6C
g ! —B— teval=10C
0
40 50 60 70 80 9 100 110 120
Zvyvotmra ovpmeot) (Hz)
1 6

—&— teval—3C
—a&— teval=0C
—%— teval=4C
—o— teval=6C
—&— teval=10C

0
40 50 60 70 80 9% 100 10 120
Zuyvémra ovpmeot (Hz)
— = _ =
cr o 01—
1 ] ‘Em | ——teval=3C
3 —%—teval=IC
g 20 e —
. g g | —e—teval=6C
] % 10 a S | —e—teval=I0C
&
= 0
40 50 60 70 80 90 100 110 120
Zyyvomra cvpmeotr (Hz)
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Kegpdalaro 4: Anoteléopata npocopoinong yia 11 Acttovpyia 8éppavong

Lad

i 25
g R
8.[ 5 --¢—teval -3C
E 7 —&— teval=0C
= 0 .3 .
é = —¥—teval=4C
5 ]
6 --8— teval=6C
g 0.2 —2— teval=10C
= S

0

40 50 60 70 80 90 100 110 120
Zuyvotnra ovpmeotr) (Hz)

2
S ~—o— teval~3C
g 1 —a&— teval=0C
E —— teval=4C
E 0,5 —8— teval=6C
E —8— teval=10C
& 0

0,016

0,014
E helz = —o— teval—3C
8 - 001, il ST o
£ 40,008 = . Tl kA
< #.0,006 —%— teval=4C
'§ 0,004 S —8— teval=6C
= 0,002 — — - ———————— —8—teval=10C

0
40 50 60 70 80 90 100 110 120
Zuywimnta supmeotr) (Hz)

4.10. METABOAH THX XYXNOTHTAX KAI TOY COP ME TH

OEPMOKPAZXIA TOY IEPIBAAAONTOX

Z10 didypappa mov axorovbel, anewoviCovrar 1 petafoAn g ouxvoT™Tag
70V OVLUMESTH Kol Tov ovvieAeotn amddoong COP oe oyfon pe ) Oeppoxpacio
nepipdrrovtog. Ot cuvBnkeg oTIG omoieg avtioToyel To Sidypappa ivar TVMKEG Yo

™ BEppaven evag ydpov, N BeppdtnTa Tpog duibeon eivan wepinov ion pe 4 KW.
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Kegalaro 4: Anotedéapara nposopoiceng yia T Aetrovpyia Béppaveng

Oepudnrta npog Nrdbeon 4KW

140 4,5
120 =
N | E— R —
g & 100 ]
Ee 80} — — . &
28 60} —— — O
0 -E_:. 40 —&— freq (Hz) 3.5
e s —=— COP
0 3

3-2-1012 3456 78 910
Oepuoxpacia repifdiroviog (C)

4.11. METABOAH THX OEPMOTHTAX IIPOX AIAGEXH ZE
ZXEXH ME TH GOEPMOKPAXIA IIEPIBAAAONTOYX TIA
ZTAOEPH YYXNOTHTA XYMITIEXTH

Z10 Sdypappa mov akorovbel, mapovoidletar n petafoin g BepudTrag
npog d1dbeon e ™ Bepuokpacia wepifdiroviog, Yo oTabepn cvXVOTNTA CLUTIEST
Kot ion pe 98 Hz, 6mov €xel yivel xon to rating and 1oV KATAOKEVOLOTY.

Zvyvotnta coumeotn 98 Hz

-3 2 -1 0 1 2 3 4 5 6 7 8 9 10
@epuokpacia tepfarrovrog (C)
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Kepdhawo 4: Arotcdéopara mposopoioeng yia t Aetrovpyia O£ppaveng

4.12. ZXOAIAZMOL TN AIIOTEAEEMATQN

2 ovvéxewr Ba yiver po mpoondBen va e&nynBolv 1o anotelécpata g
npocopoimong.

4.12.1. ZYNTEAEXLTHZ AIIOAOXHX COP

Onog gatvetor and 11g ypaikés napactdoeg, 10 COP avEdvetar pe v
avénon g cuYVOTNTAG TOL GLUTIECTY) HEXPL EVOL PEYIOTO KOL OTI CLVEXELD TEQTEL.
g mo kpeg Beppoxpaocieg nepifdiiovrog, To COP amoktd T péyiotn T tov
ot Mo VYnrég ovxvomrteg Aewtovpyiag tov cvpmieot. Oco avidvetrar 1
Beppoxpaocio mepiPdrlovtog, TOGO HEIOVETAL ) TIUN TNG CLYVOTNTOG OTNV OO0, TO
COP yiveral péyioro.

"o va yivouv mo avTiAnmtd to mepanive, OTUEIOVETHL OTL:

Ia Beppokpacia mepiBarrovrog —3°C, to péyioro COP eivar 3.483 xar
avTIoTOLYEL o€ cuyvoT 1O Agttovpyiog 90-95 Hz.

o Bgppokpacio mepipdrroviog 4°C, to péyisto COP civar 4.086 won
avTIoTOLEL 08 GVYvOTNTA Aertovpyiag 60 Hz.

['o. Beppoxpocia mepifdrioviog 89C, 10 péyioto COP eivor 4.593 «ai
avTioTor el o ovyvomta Asttovpyiag 45 Hz.

o Ogppokpacia mepifddrovrog 10°C, 10 péyioto COP eivor 4.922 xo
avtictolgel o€ ovyxvomta Aewtovpyieg 40 Hz, dniadq v ehdypom) wov
APNOLULOTOEITAL GTNV TPOCOpOimon.

Ze amdlvteg Tipég 10 COP wvpaivetar 1.8-4.9 mepimov. Ilpéner va onueindei
011, OMOG PAIVETAL KAl GTIV AVTICTOLYN YPOYLIKY TOPAcTAcT] TG Topaypdeov 4.9, yia
peyavtepeg Beppoxpaciec mepifarloviog o COP éxer peyahdtepec Tipég, 1060
HEYIOTEG GO0 KoL PHeTPNUEVES otV b ovyxvotntae. Eival Aoyikd 6T o€ peyaditepeg
Beppokpaciec mepifddlovioc, 0 cLUmMESTS ™G oavtiiag Oeppudtnrog pmopei va
Aertovpynoer o mo  younkés ovyvétnteg, “ote v emToyel TV b
QATOTELECUATIKOTITO.

g yapniég Beppokpacieg o Bepuikd @optio eivar pikpod, aeod 1 dwpopd
Beppokpaciog eEATHIONG TOV YVKTIKOD KAl TOL aépa, Tov £ival 1 kivovoa dvvaun g
petddoong Oeppomrog, sivar pucpn. Qg amotéhecpa, 10 COP eivar pkpd y
Oeppokpaciec mold pikpés. Xe vynhotepeg Oepupokpaciec mepifailoviog, 1
Beppokpacioky] depopd peyarovel. Evag devtepog mapdyovtag mov emdpd, sival to
£PYO TOL GUUTIECTY], TOL EiVOAL GUVEPTNOT TG CLYVOTNTAG TOV GUUTEGTH. AvToi ot 2
mopdyovieg aiiniemdpodv kol ot younmiéc Bepuokpaciec mepifailoviog divouv
kamoto péyeto Y o COP (mo évrovn n enidpaon g Beprokpaciokng Soeopdc),
evd oe mo yniég Oeppokpocicc mePIPAAlovTog TPOKOAOVUV Ul GUVEYH TTMTIKY
nopeia tov COP (e€acBevel 1) emidpaon g BepLoKpacLOKTS S10pOPAS).

4.12.2. OEPMOTHTA IIPOX AIAGEXH QCOND KAI EPTO EYMIIIEZHZ
WCOMP

Tdoo 1 Beppomra mpog S160eon, 600 Kal To £pY0 TOV CUUTIESTY avEdvovTal
pe mv avénon mg ovxvomrag tov cvumiest. Eivar mpogavég, 6tL 1 avénon g
oVXVOTNTAG TOV GULUMECTI] CLVEMdyeTaL avénom Tov £pyov cvumieong. EmmAéov,
emedf n-Pepuotnto mpog Sidbeom eivar 10 dBpoicpa Tov Bepuikod eoptiov kot Tov
épyov cvpmieong, sivor Tpoaveg 6Tt Ba avEndel kar avtn pe ™ oepd ™.

Tnc peyoddtepsg Oeppokpacieg mepipdiioviog (8 war 100C) xor omig
HEYOADTEPEG GUYVOTNTEG TOV OLUMESTH, O PLOUOS avénong g BepudTnTag TPog
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Kepalowo 4: Anoredéopara mposopoinong yia TN Aettovpyia Oéppavens

dabeon perdverar. Mdliota, o pvOpdg cvtdg teivel va TovToTEL pE 0 PLOUO
avénomng tov épyov ocvumieons. O Adyog eivan 6T, evéd to £pyo cvpmieorg avéavetal
pe v avénomn g ovyvotmrag, to Oeppikd @optio mepopiletar amd ™
Beprokpuciokn Sl@opd YOKTIKOD Kot aépa.

‘Ocov agopd Tig andAvteg THEG TOVS, TOCO 1 BeppoTnTa Tpog Sidbeomn, 6Go
Koau To €pyo avEdvovtar pe Vv avénom g Oepuokpaciog mepiPdAiiovrog. e
amoivteg Twég T Oepuotnra mpog Sudbeom éxer eldyioteg Tpég amd 0.5-2 KW
mepinov kol péyloteg TipEG and 4.2-6.2 KW nepinov. H gldyiot tun aviictoyel ot
pikpdtepn Oeppokpacio mepBdAloviog Kal T piKpoTEPT CUYXVOTNTA, EVG 1 UEYIOTY
T ovniotoygel om peyoddtepn Oeppokpacio mepdrroviog ko cuyvoTTCa.
TTapopoing, o £pyo xvpaivetar o€ ehdyioteg Tipég amd 0.27-0.38 KW kat o€ péyoteg
Tpég amod 1.25-1.62 KW.

4.12.3. YYHAH IIIEZH pc_eq, XAMHAH IIIEZH pev_eq, @EPMOKPAXIA
EZ0AOY AEPA AIIO ZYMIIYKNQTH tca2 KAI GEPMOKPAXIA EZ0AQ0Y
AEPA AIIO EEATMIXZTHPA teva2

ATO 115 Ypo@ikég TopacTACES QaiveTal 0T 1 adEnomn g cvyvoTTag odnyel
oe avEnomn g mieong Tov CLUU TVKVMTN Kol G Beppokpaciog e£6dov oV afpa amd
10 ocvpmokveti. [Tapdddinia, odnyel oe peimon g mieong tov edatpuotipo kat
ueiwomn g Beppokpaciog e£680v Tov aépa and Tov e€atotipa. To amotedéopota
glvan Aoyikd, a@ov 1 avénon g cvyxvomTag 0dnyel o avEnom Tov pyov GLuTIEST|C,
mov 0dnYel o€ VYNAOTEPEG MECEIG CUUTVKVOCTG.

EEaAlov, 1 avénon trng Beppokpaciag tov mepiPdrioviog 0dnyel oe avénom
TOV THAV TOV Topordve peyebdv yia otabepn cuyvoTnTe GUUTIESTH. L€ UTOAVTEG
TIEG, TO TOPOTTAVE peyEn petafdilovtol mg axolovbwg:
o H migon ovundxvoong oe ghdyroteg Tpég and 1-1.33 MPa (40 Hz, -3 w¢ 10 °C)
ka1 o€ péyroteg g and 1.8-2.5 MPa (120 Hz, -3 wg 10 °C).
o H mieom e&atpiong oe ehdyioteg Tipég and 0.29-0.34 MPa (120 Hz, -3 w¢ 10 °C)
Ko oe péyoteg Tpég and 0.5-0.6 MPa (40 Hz, -3 wg 10 °C).
e H Beppokpacio £660v 10V aépo Ao TO CLUTVKVOTY OF EAAYIOTES TLUESG OO 24-
319C (40 Hz, -3 og 10 °C) ko1 oe péyroteg Typég amd 42-500C (120 Hz, -3 ag 10 °C).
e H Beppoxpocio e£650v 1oV aépa and tov eEaToTHPE O EAAYIOTEG TINEG OO
-9.5 @g 0.29C (120 Hz, -3 w¢ 10 °C) xar o péyoteg Tipnég amd —3.5 wg 6.8°C (40 Hz,
-3 wg 100C).

4.12.4. OAIKOI XYNTEAEXTEX METAAOIHL OEPMOTHTAXI KAI
MAZIKH ITAPOXH YYKTIKOY

H petofor] t@v olMkd@v ovvieleoctdv petddoong Oeppdmrag pe 1
Beppokpocio mepipdrioviog eivar avemaioOnta avéntiky, oxedov pundevikh. H
HETAPOA] T®V OUVIEAECTAOV HE TN CLYVOTNTO TOV CULUMECTN eivar emiong
avenaiobntn, extég amd TOV OAMKO ouvieheoTt) oto VmEPOEppO TUNME  TOV
CUUTVKVOTH, 7OV ToPoVoLdlel pikpry avénom. Xe amoAvteg TWEG O OAMKOC
ovvtekeotig tov efatotipa kopaivetar yopw ota 0.03 KW/Cm2 ko eivar
gAIYIOTO  MEYOADTEPOG TOD OAIKOD OUVIEAEST TOV dPacikod TUNUOTOS TOV
ovpmokvety (mepimov 0.028 KW/0Cm?2). Tho pikpoéc eivar o cvvieheotic tov
VIEPHEPUOD TUNHATOG TOV CULUTLKVOTH, 7ov Kvpaivetar omd 0.012 wg 0.02
KW/0Cm?2.

H polikn mopoyn Tov yoktikod avgavetal pe v adénon mg cuxvotTog Tov
ovpmieot kot kvpaivetor yopm ota 0.01 Kg/sec. Emiong, mapovodler pwr pikpn
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avénon Otav avéaverar n Beppokpacio mepiPdilovtog, yir otabepn cvyvoTTa
CULUTIECTY).

4.12.5. EIINIPOZOETEXZ ITAPATHPHZEIZ

Onwg gaivetar and to Sidypappa mg napaypdpov 4.10, mov avnictoysi o
otafepn kar tomky TN ™G Beppudmrag mpog duibeon (4 KW), n avénom g
Beppokpaciag mepifdrioviog odnyei oe avénon tov COP ko of peiwon g
CVYVOTNTAC TOV CUUTIECTN.

To &hypappa g mopaypapov 4.11 mapovcwdler ™ petaforn g
Oeppoémrag mpog ddBeon kar tov COP pe ™ petaPorn g Beppoxpaciag
nepipdrrovtog, e otafepn ovyvémra ovpmeot]. H ovyvéomta ocvpmeot
emAéynke 98 Hz, tipn omv omoia vapyav dedopéva and Tov KATAGKELAGTH Yia
Aertovpyia g Béppavomns. Amd to didypappoe avtd cvvayetar 6T 1 avénon g
Beppokpaciag mepiBdiroviog odnyel oe avénom téco tov COP G600 kau g
Beppdnrag mpog drabeo.

A&iler va oxohwaotel n Beppokpacia e£680v TOV afpa GO TO CLUTVKVATH.
And ta Sypappata eaivetar 6T 1 avénon g cvxvotTag Kal g Beppokpaciog
tov nepPdilovrog, mpokaieli avinon g tca2. Iho ocvykexpipuéva, n avénon g
ovyvoTnTag Tpokaiel avénom mg Beppomrag mpog Sdbeon. INa va wavomoweitar 10
100lVy10 evépyelng (COLQ@VE LE T OXECT TOV KEQuAXiov 3):

Qu = mccpc(Tco - Ta) =>T,=T,+ &
m.Cp,
npémer va avgndei kat n Beppokpacia e£6dov Tov aépa.

A7td Vv AN Thevpd,  avénon g Beppokpaciag mepidilovtog odnyei o
avEnon g BeppoTTag Tpog ddbect), MOV CVUPOVE PE TNV TPONYOVUEVY GYEcT,
A odnyel oe avénon g Beppokpaciog £6dov Tov wépa omd 0 cvpmvkva ). O
puBudg avénong g Beppoxpaciog peibdvetal 6co avéaver 1 cvyvomre. Avtd
ogeiketon oto O0TL mepropiletar n BeppdmTa Tpog duabeon kar 6T ) Beppokpacio Tov
aépa O pmopei va yivel peyahvtepn mg BepLoKpaGing CUUTVKVHOONG TOV YUKTIKOD.

4.13. AAAATH IXXYOX ANEMIXTHPA

O xataokevootig Oivel otoygeicn yio ™V 1Y) TOV GVEMIOTHPOV TOL
CUUTVKVOTH Kol Tov gfatpiomipa. And Ta otoygeio avtd vroloyilovtar ol mapoyés
£10000V TOV (P OTO CLUTVKVATI Kol TOV EEQTUIOTIPR, TOV Eival avTioToryw:

¢ Qaircond=0.219m/s, baseline.
¢ Qairevap=0.47m/s, baseline.

Zto mhaicwa g depehiviong TV SUVATOTHTWV TNG KAWWOTICTIKAG povadag,
1600 amd TeYVIKY 000 Kol 0d OKOVOUIKT oKomd, Kpidnke okdmun 1 Tpocopoimon
Yo SQopeETIKEG TaVTINTES £10000V TOV Gépa OTOVG EvaAAGkTeS. Aepeuviibnkav
TPEIS TEPWMTOCES:
1. Allayn 1600¢ TOV AVEULCTIPA TOV CUUTVKVAOTY] HOVO.
2. Alayn oo Tov aveptotipa Tov egatuiotnpa pévo.
3. Tavtoypovn adlayn ™G 10100 Kal TOV SV0 AVEULICTIP@V.

Emdéynkav avnmpocanevtikés Tpég g Beppokpaciag nepipariovrog (-1, 5,
10 C) xar m¢ ovyvémrag tov cvumeot (45, 80, 100 Hz) ka1 vmoloyiomkav 1
Oepuémra mpog Sdbeom ke 10 COP. Zwe emdpeva Swypappate, ot
Kavovikoompuévoug a&oveg, Tapovolalovial T AmOTEAECHATE TV TPOGOUOIDCEDV.
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AAAATH IEXYOL ANEMICTHPA EYMITYKNSTH
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Zta Swypapporta cotd 0 oplloévniog GEovag eival KavoviKOTomULEVOS MG TPOS
™V TexvTTe baseline, evd o kotaxdpvEog GEovag efval KavoviKOTOMUEVOS O TPOG
mv T g Beppudmag mpog dabeon 1 tov COP, mov avrmictoel otnv Tayd IO
baseline.

Onwg @aivetal ond o Srypaupate avtd, 0 TETPOTAACIOCHOS Kal TOV 2
LTV, 0dnyel oe avEnom tng Beppomroag tpog dabeon katd 2.11 @opég kat Tov
COP katd 2.21 gopéc. To yeyovog avtd detyvel 0Tt vdpyovv mepBdpio diepedvnong
mBavdv BEATIOCEDV TG KAMUATIOTIKNG Hovadag, MOTE va ival o amodoTiky. Avtd
Opwg, umopet va yivel povo pe mapdAAnin diepediviion 10V KOGTOVS, TOL EMPEPEL I
tétoo. aAkayn. M tétown Siepevvnmik] amomepo Bo mapovowaotel oe emduevo
KEQGALO NG EpYACiag.

Amé 1o Swypapupato 6mov aArdler povo n TodTNTO 10650V TOL AP GTO
oLpTUKVAT 1 poévo otov  eatmomipa, efdyoviar  opiopéve  evBlo@EépovIa,
ovpmepaopoata. H oaldayn toydtntag £106600 GTO GUUTLKVOTY CLVEICQEPEL TO
peyadvtepo pépog g avénong tov COP, evd 1 odhoyn taxvrog £16ddov Gtov
eEQTUIOTIPA. GUVEIGQEPEL TO PEYOADTEPO UéPOG NG avénong g Bepudmrag mpog
draBeon.

[péner eniong va onuewwbei, 611 Aoy® m™C 1:avovikomoinong tov a&évav Oo.
QVOLEVOTAV O GELPEG TOV AVTIGTOL(OVV Gt SrpopeTikég Bepuokpaciec meptfdrioviog
Kol GLYVOTNTEG CLUMIEGTN VO CUUMIATOVY OF Uia KOUmOAT) o€ Kabe ddypoppa. Avtd
EMTVYYAVETAL OPKETA KoAG, 101G OTOVG WIKPOTEPOLG AOYOUG GE OYECT HE TNV
TaxOTNTa baseline.

4.14. BEATIQYH LXYNTEAEXZTON 'METAAOXHY OEPMOTHTAXY
AITO THN ITNEYPA TOY. AEPA

ATO TIC MPOCOUOIDCES MOV Eyvav, KOTESTN MPoPavés OTL 1M Kupiapym
avtiotoomn ot petddoon Beppotnrag otovg 2 EVEALAKTEG TPOEPYETAL GO TNV TAELPA.
T0V Gepa. [a va yivel mo katavontd avtd, onUELOVETL OTL Y10 GUYVOTITO CUUTLIECTH
98 Hz, o1 emuépovg avTIoTAGES Amd TNV TAEVPE TOV YLKTIKOD KOl OO TNV TAELPQ
TOV 0EPQ, TOIPVOLV TIG TIHES:

e YTEPOBeEpUO TUMHE CUUTVKVOTH: YUKTIKO 21.79 ko aépag 29.28 m2C/KW.
e AWaoKO TG CVUTVKVOTH: YUKTIKO 5.17 ko aépag 29.27 m2C/KW.
e EEatpiomipog: yoktiko 1.99 ko aépog 28.21 m2C/KW.

INo va egetactel 7L ovpPaiver av avgnbel n enidpaon g avrtictaong Tov
yukTIKoY ot petddoon Bepudtmrac, éywvav S10d0ykéG TPOCOUOWDOELS HE aHENOT
TOV GUVTEAESTY petddoong Bepudtrog and mv mhevpd tov aépa. Onmg kot katd Tov
Eheyyo ™G aAAoyMG 10YDOG TOV AVEIGTIPAV, aVTO £YVE OE Tpio oTdd:

1. Bektiwomn tov cvviekeot petd@doong Bepudtnrag and v TAEVPE TOV AEPL HOVO
Yt TO GUUTVKVOTH.

2. Bektimon tov cvviekeot| petadoong Bepuomrag amd Ty mAevpd ToL aépa POVO
Yo TOV EEQTUIOTI P,

3. Tavtoypovn Bertioon tov cvviekeot) petddoong BeppodTrag amd v TAELPA
TOL a€PO KAl Y1t Tovg 800 EVAALAKTEC.

Eméynkov aviimpoconentikés TIHEG g Beppokpaciag tepifdiiovtog (-1, 5,
10 C) kai g ovyxvotntag tov ovpmeot] (98 Hz) ki vroloyicmrav m Beppdmra
npog S1dbeon ka1 o COP. Zto embpevo SaypappoTe, OF KOVOVIKOTOUWUEVOLG
G&oveg, mapovaodlovtal ta amoTeAEcpTo TV Tpocopoidoewy. Ou Tég baseline
givor o1 Tég mov divel 10 povtéro, OTOV T TPOCOUOIMGCT YIVETOIL DO KAVOVIKEG
ovvhfkeg, x®pic PeATidCEL.
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Amo o Swypdppata avtd @atvetar Ot Yo 15 @opéc peyarvtEpOLC
oLVTEAEOTEG aépa, TG0 1 BeppdtnTa mpog Sudbeon, 660 kot o COP mavovv 1o 90-
99% g uéywotng Tung tovg. Emiomg, @aivetor amd to Swypdppata autd Ot 0
TPLVTA-TAOGLOOUAG KoL TV 2 GUVIEAESTAV, 0dnyel o€ avEnom g Beppdtog mpog
d1aBegom xatd 1.99 popéc kar tov COP xatd 1.65 popés. To yeyovog avtd deiyvel v
e akdun @opd ot vmdpyovv meplBdplo diepevvnong mbavav Pektiboswmv g
KAWATIOTIKNG povadag, dote var gival mo amodoTikr]. Avtd Opwg, pmopel va yivel
povo pe mapdAAnin diepedvnot TV KOGTOVS, OV EMPEPEL Kot TETOL aAloy]. Mia
této10. diepevvnTik] andmelpa Oa mopovolactel oe EMOPEVO Ke@AAalo ™G epyaciag.
Emniong, 6o mapovciactodv kol 01 TpOmoL pe tovg omoiovg pmopei vo avénbei o
GUVTEAESTIG PeTAdoong BeppoTTag amd TV TAEVPE TOV aépa.

Amo ta Swypdppora Omov oArdler povo o ovvieleotig petddoong
OepOTTOG TOV AEPE GTO CVUTVKVAOTH 1] POV otov eEaTpioTpa, eEdyovial opiopéva
gvdupépovto cupmepdopata. H adgnon tov cuvieleost| Tov GEPa OTO CUUTVKVEOTH
CULVEICQEEPEL TO UEYOADTEPO pEPOG g avénong tov COP, evd m abvénon tov
OUVTEAESTH] TOV 0€pa OTOV EEQTHIOTIIPA GUVEICQEPEL TO UEYOAVTEPO WEPOG TG
avénong g Beppotntag mpog ddbeon. Avto eivol o cvpewvio pe To avticToyw
OTTOTELE TUOTA, TTOV TPOEKLYAV YL TNV QAAAYT 10XV0G TOV EEATHIGTHPA.

Ipéner emiong vo. onuewwdei, 611 Adyo g kavovikomoinong Tov atévev Ho
QVALEVOTOLV O1 GELPES IOV AVTIOTOLXOVV OE opopeTikég Beppokpacieg mepifdiiovtog
KOl GUYVOTNTEG GUUMEGTY] VO CUUTIATOVV GE pio KapmoAn ot kabe Suaypappa. Avtd
Opwg, dev emrvyydvetol kohd, W¥iwg oTovg peyolvtepovg Adyovg oe GYECT HE TO
ovvteleotn baseline Tov aépa.
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KED®AAAIO S

OIKONOMIKH ANAAYXH - U.S. Dep. Of
Energy (DOE)

5.1. ANAAYXH AITIO TH XKOITIA TOY MHXANIKOY

5.1.1. EIZAT'QI'H

Ta potiotnkd aépog dopatiov eivor ovvapporoymuéve  eEaptpoto
TomoBetnpéva oe Ok, oxedwopéve wg pia povada mov tomobeteiton oTov TOiYO.
Zyedaletar TpoTopyikd Yo vo TapEyel yuxpo 1 Oepud Khipo aépa oe £va KAEWOTO
xOpo, dopano 1 Codvn. H Beppodtnra pepikéc @opéc mupéxetar amd Aeitovpyia
avthiag Oeppdmtoc, ototyeio NAeKTPIKNG OvTioTAONG 1| 0T0 GLVEVAGHS KoL TV §¥0.

Ta Khpetiotikd amotehovvior amd eEapTpote 0t TNV TAEVPE TOV YUKTIKOD
kot e&aptipato and v AAEVpd Tov afpa, oL OAo givar tomofetnuéve pali. Ta
eEapTiHaTe 0o TNV TAELPA TOV YUKTIKOV gival 0 eEaTHIoTpOg (E0WTEPIKT| OEIpQ,
indoor unit), o cvpmukveTt)g (outdoor unit) ka1 0 TPYOEWNG CWANvVAS. AVTE TA
eapmipata cuvdéoviol peta&d Tovg pe coinvioe. H mievpd tov aépa anoteleiton
amd tov moapoyéo afépo (fan motor), Tov avepoTipa ToL £EATUOTHPA KOl TOV
QVEHIOTNPA TOV CLUAVKVOTY. 'Evag mopoxéac ypnolonoeital yio va Kivel Kot toug
dvo avepotipes. To kipdTto, mov mepPEYeEL avtd Ta eEoptnpata, dwpeital oe pia
eowTePIK povdda kar pio eEotepuay. Ov 600 mhevpég ywpilovior amd éva
daymplotikd Toixo, mov eivar ocvviBog povopévos. H poévoon ovveispéper om
peioon g perddoong Oeppudtntag avapeca otig dvo povades. To eaptnpata g
E0WTEPIKNG povadag gival o eEaTpiomipag kot 0 oveplotipog tov eéatpiotipa. Ta
ggopmpata g eEwTepKig povadag €ival O OCULUMIECTNG, O CULUAVKVOTAG, O
TPLYOEWNG CWATVAG, O CVEUIOTHPOS TOL CULUAVKVMOTH KOl O TOPOYENG TOL GEPQ
(notopdikt).

To Khpatiotikd mapéyer kKhpatlopevo aépa ‘“tpafaviag’ Beppd aépo amd
¢€w M amd 1o dwpdtio, dwpécov Tov eEatpiomipa (ecwtepik) oneipa). [epvavrag
dwopéoov TN omeipag, 0 oépog amodider ™ AavBdvovca ko TNV awobnT) TOL
Beppotmra. Xt cvvéyein, o 0épag amodidetal ££m 1) 6T0 dWUATIO AT TOV AVEULSTIPO.
ov efotpiotipa. O ocvumestic mapahapPdvel TOVG OTHOVG TOV WUKTIKOV, 7OV
e&épyoviar 1ov eatiompa, kol toug avePdler oe Beppokpacio peyorvtepn TOL
e&wtepucol apa. XTn CUVEXEW, TO YUKTIKO ELCEPYETAL OTO CLUTVKVOTY (EEWTEPIKT
oneipa) OMOV O AVEULOTAPOS TOL CLUTVKVEOTH QEpvel eEntepikd afpa. To yoktied
anodidel n Oepudtnd ToV oTOV YLYPOTEPO EEMTEPIKO aépa KAl cvpumvukvdvetal. To
VYPO YUKTIKO S1EpYETAL QO TOV TPLXOET) CWANvVe Kot TEQTEL 1| Beppokpacio kat n
migon 10v. I ovvéyew, swoépyetarl Eava otov eEaTHIoTPE Kal 0 KOKAOG Wigng
emavolappavetol.

H mapovoo dudikacia eréyyov tov DOE extelel éleyyo yw steady — state
ouvOfikeg Aewtovpyiag, @ote va  aforoynbei n  amoteAeopaTikOTO  TOV
Kapotiotikdv. Or standard ovvBnkeg eéyxov eivar 800F kar 50% oyetik| vypacio
yo. Tov aépa 0V dwpatiov kar 95F kar 40% oxetuai vypacio yo Tov eEmTEPIKS
aépa. To 1e0T 00 DOE yivovtot oe dmpdtio Oeppidopetpiko.

Metwd and tovddyotov 1 dpa Aswtovpylog omig ocuvvbnkeg eléyyov,
Kataypd@ovial 1o dedopéva, Omwg M Yokt wavomta (cooling capacity) kot

111

Institutional Repository - Library & Information Centre - University of Thessaly
23/04/2024 21:53:10 EEST - 3.14.13.79



Kegpdaiaio 5: Owkovoprkn Avaiven — U.S. Dep. Of Energy (DOE)

elcodog oe Miekpikd pedpa. O Aéyoc EER (energy efficiency ratio, Aoyog evépyelag
TPOG OMOTEAECHATIKOTNTA) TEPLYPAPEL TNV EVEPYEWR TV KApaTioTikdv. O Adyog
avtdg mpoxvmtel pe daipeon g cooling capacity (oe Btuw/hr) pe mv miextpik
gicodo (oe Watt). H emjowa evepyeiakn katavdlwon Ppioketar morllamracridlovtag
™mv NAekTpiky eicodo (steady — state) pe nig dpeg Aertovpyiag 6Aov oV £T0VC. XTO
teot Tov DOE, ot avtitpocwnevtikég £ToEg Gpeg Aerrovpyiag eivar 750. Avto
nwpokvmtel amd avaivon tov AHAM (Association of Home Appliance
Manufacturers).

Or peydlot KaTACKELAOTEG KAINATIOTIKOV akolovBolv éva ocvvdvacuod
QUTOMATICHEVOV KOl  YEPOVOKTIKOV digpyacidv  yux TV mapayeyq Tov
KAMpanotik®v. 1o oua mov akorovlel, mapovcialetar Eva Tomxd Sidypappa porg
NG KATACKELTG EVOC KAUATICTIKOV.

st aprmpitoy
Fhpmear
Mivr-‘ﬂﬂx,
.
Avgipdioc Sanog Empa 5-1:
Awaypappa poiig
T v
KATAOKELT
Forutoder apoyei .
ek Ansr v wnosfaprmpdnsv K):ll-laﬂmlc('l)\'
el aépa dopariov.
r y
Kasameeun Eqxuraota Dwaty peioiy
cifanou o o | EAbfgog Tuoery naia
7| et | eBpmpiwy »

5.1.2. KAAZEIX ITIPOIONTQN
To DOE éygr vioBemoer véeg khaoew mpoidviov emmhéov Tov 12 kKhdoewv
¢ NAECA tov mivaka mov axolovOet.

Xwmpic avricTpo@o kOkho kat pe louvered sides
1. Mikpotepa twv 6000 Btu/hr

2. 6000-7999 Btu/hr
3. 8000-13999 Btu/hr

4. T4000-19999 Btu/hr
5. Meyaivtepa tov 20000 Btwhr Ilivaxag 5-1:
Xopic avriotpopo kvklho ko yopic louvered sides Kiaceig npoiévrov
6. Mikpotepa T@v 6000 Btwhr 1@ KMPaTioTIkG
7. 6000-7999 Btwhr aépa dopariov.
8. 8000-13999 Btwhr
9. 8000-13999 Btwhr

10. . Meyaidtepa tov 20000 Btw/hr
Il Mg avriotpogo kdxho ka pe louvered sides
| 12. Mg avriotpogo kvkho kar yopic louvered sides

O 12 xhdoec g NAECA opiloviar pe Baon xprmipua wavotnrag, av 1o
éEo tpunpa éxer louvered sides xar av o xvxkhog eivan avrictpogoc. To DOE éxet
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Swpéoel v Khdom 11 oe povadeg kato tov 20000 Btw/hr kor povades dveo tov
20000 Btwhr. Opoiwg, n kAdon 12 éxel dwupebei o oe povadeg kato tov 14000
Btuw/hr kot povadeg dveo tav 14000 Btuhr. Emaiéov, £xovv mpootebel 2 véeg khdoeg
Y10t LOVASES TOV £XOVV OYEINOTEL Y1t EYKATAGTAOT) OE E101KEC TEPLOTATELS (casement-
slider, casement-only windows). A6y TeplopicudV pLeYEBOVG, aVTEG O1 2 KoTyopieg
givar tng ta&ng 5000-10000 Btwhr yiHéne.

H NAECA dniavel 611 01 emmAE0V KAAOEL SIKALOAOYODVTL Y10 TPOIOVIX OV
‘gyovv duvaToTNTO M YAPAKTNPIOTIKG CYETIKG e TNV amddoot, mov Ao mpoidvro
g id10g KAdong dev Exovv, Kal TETOWN XUPAKTNPIOTIKG dikaloloyodv vymAdTepa 7
yopunAdtepa standards and to vedlowma TPoidvTa NG idrag KAGOTS .

Ta side louvers éyovv omuavuiky enidpacn omy amdédoon g povadac.
Amotund@vovtol oty e£@TepT] TAEVPE Tov KIP@Tion KAl GLVIEAOVV GTNV KivioT Tov
aépa dwpécov tng eEmtepknic omeipac. O povadeg mov dev £xovv side louvers
Aertovpyodv pe yapniotepn anotedecpoatikdmra ebatiag g emmpdobeg woydog
CLUMIEST] MOV amoTeital, g anolnuinon yo ™ pelt@pévn por aépa SapECO TG
eEmtepikng oneipac.

O1 BoAPideg avaotpoeng (reversing valves) emTpémovy 610 KAMUATIOTIKO Vo
Aertovpyel g avtiio Oeppdtnrog kou va mapéyel kot OEppavor, ektog amd WoHkn.
Avt 1 BarBida mpocHiterl éva emmpdcHeto @optio oTo cvoTNUA Kol avEavel TV
amaitnon woyvog katd 5% mepinov. Adyw g emnpdcbeng anaitnong 1oxdog Kat Tng
LOVOBIKTG XPTICLOTNTAC TNG AErTovpyiag OéppaveTg o€ cuVOVAGHO e T Agttovpyio
WOENG, dikaioloyolvial E81KEG KAAGEL Y1 To KALULOTIOTIKG OV TE.

5.1.3. ZXEAIAXTIKEX EITIIAOT'EXZ

Xtov emopevo mivoke mopovodlovioar ov oxedwotikés emhoyés. Eivoun
petafolréc mov pmopovyv va evempatmboiv 6to oxedlaopd evog KALOTIGTIKOD, MOTE
vo. BEATIOGOVY TNV OTOTEAECHOTIKOTNTA ToV. MepKEG amd T EMAOYEG UMAVIOVTOL
og VIapYovTR TPOIOVTa, EVGD GAAeS Bpiokovtal o eEEMEN.

Behrimon pe avinon tng empavelag
gvallayns Tov afpa
l. AvEnon petonikng oneipag ofpa
2. AvEnon Babovg aneipag (npoodiikn oeipdhv
auA®v)
3. A¥Enon mukvoTnTag RTEPUYIRY
4, IMpoabikn VIOYDKTN OTN ONEPA CUPTVKVOTY) ,
Belrioon pe avEnon TOV GUVTEAEGTAOV Tbvmes -3
s LyedraoTikég emAOYES
pet@doong BeppoTnrag R
J. Beltimon oyedueopod nepuyiov T Kk‘!’luﬂm“m zupa
6. BeAtinon oxediaopon avidov dopartiov.
7. Yexaopndg CUUTUKVAUATOG OTT ONEipa
GUUTVKVOT
3. Beltiwon avepuotipa Kat poTop AvVERISTIpa
B BeAtiwon anoteAeopatIKOTITAG CUNTIECTT]
10. TUUTIECTHG TOAAATADV TUXVTHTOV
11. EvalhaKTikd YoKTIKG
12; Hlexrpovikég PodPideg extévmong
13. OeppooTaTIKG Opyava EALYYOU
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Onog gaiveton and Tov wivaxa, n anoddoon g petadoong eppodtrag propel
va avEndet eite pe avEnon mg emoaveag evorlayrg Oeppdmrog eite pe avénomn tov
OLVTELESTOV peTGdoong OeppoTnToC.

To amotéheocpa kGOe oYESAOTIKNG EMAOYNG TOGOTIKOMOMONKE pHe avdAivom
EVOC TPAYLOTIKOD HOVTEAOV KAOe KAGOMG, TOL OO0V TO TEXVIKA YAPAKTNPLOTIKG
nopeiyav o1 kataokevaotés. Méow g eumopikng Tovg opyavoons, AHAM, apketol
KOTAoKEVOOTEG Tpounfevoay dedopéva yio TpayHaTikd LOVTEAN KALATIOTIKOV Y10, 9
and Tg 14 khdoewc. Aev vmpEav dedopéva y TG dvo KAdoelw TOTOV casement.
Emnhéov, dev viipEav dedopéva ya 3 and 115 5 khdoelg yopic avtiotpo@o kKOKAO Kol
yopic louvered sides, x0fdg Ol KATAOKEVACTEG TPOG TO TOPOV dev TopNyoyav
npoiovto. ot Khdoewg avtéc. [a Tig 9 vmélowmeg kAdoew, vanploav dedopéva kol
emhéymke amd pioe povada Yy kaOe xhdon, amd ovtég MOV TPOGEEPAV Ol
katookevaotés. H emdoyn g povadag baseline (oyedotiky Baon) éywve katdmv
ovvevvonong pe Ty AHAM. Avto éywve pe Baon 2 kpunpur, wavotnta (capacity)
ka1 EER. H wavémta mg povadag €xpene va elval Tumkn g TAEOWNQioG Tov
poviéhov tov kataidyov g AHAM kar to EER énpene va eivar kovid og éva
ghdyroto Oeomopévo amé ™ NAECA to 1990. H avéivon mov éywve oty kdbe
povada eival avTImPOCMOREITIKY Yy OAn v KAGOM TNg, OmMOTE 1 avénon g -
anoteleopatikoOTTag 0o NTav ovapevopevn ywo OAa To pnyavhiuate Tng idag
Khdong. Katd t dedikacio emA0yG TG MO AVIITPOCHOAELTIKNG povadag yio kaOe
KMo, KOTESTN TPOQAVEG OTL KGOE KATOHOKELAGTNG YXPNOLHOTOOV0E SUPOPETIKES
fewpnoelg Kal okéyelg Yoo TNV avamtoén tov povtédov tov. e va emroyel éva
oVuYKeKPIEVO Pabpd amoTeAecHATIKOTNTOS, EVAG KATAOKEVUOTNS YPNOHLOTOL0V0E
SUVOTO GUUMIESTH KOl HIKPOUG EVOAAGKTEG, €V GALOG KATOOKELAOTNG £KAVE TO
avamodo. I'o to Adyo avtd, N Pacwkn oxedwoniky emroyn (baseline) vmoyopevet
TO1EG OXESOTIKEG EMAOYEG £lval EQUPUOGLUEG KO TOLEG OXL.

i emdpeveg mapoypdoovg Ba mopovolacTodV Ol GXEONOTIKEG EMAOYEG.
Madi, 8a Tapatefoly Kol oA KATACKEVAGTAOV Y10l TV EQIKTOT TR KAOE ETAOYNG.

AYEZEHXH METQITIKHZ ZITEIPAX AEPA

‘Evag amd tovg mo ouvvnbelg tpdmovg avEnong Tng em@avewng evoilayng
Beppotmrag sivar M xpfon omnelpag pe peyoddtepn petomky em@avewn. Me
HEYRADTEPT UETOTIKY empaveln oneipag, n amddoon g petddoong Bepuodtmrag
av&avetal. LTV MEPITTOON TOV GLURVKVOTY, TEPIOGOTEPT Beppotnta pmopel vo
amoppipfel amd TO WYUKTIKO GTO PEVLUA TOV A€pa. LTNV AEPITTIMON TOV eEaTpoThpa,
neyeAvTEPO pEPOG TNG 0odnTg kan AavBdvovoag BeppodTag Tov afpa Tov dopatiov
umopei va ypnowonomndel oty e&dtnon Tov yoktikov. BeAtibvovtog t dadikacia
petddoong Oeppdrag eite ot pia eite oty GAhn oneipa, £xe1 ®G amoTELESUA TV
avEnoT TG ATOTEAECHATIKOTTAG TOV GUOTHOTOC.

O kataokevaotég emPefaidvouy OTL 1| LETOTIKT] EMPAVEIR TNG OREIPAG OTA
maicwe (KBdOTI) TV VIAPYOVIOV KALATIOTIKGOV eival TO00 MeydAn, mov yur pio
onpavtiky avénorn g arddoong Tov cvoTHUaTog anatteital avEnomn Tov peyéBovg
tov kifotiov. Avtd emoAnfevtnke oxedOV Y OAG TO KAUOTIOTIKG 7OV
Soxipdomray. Epdoov 10 emovéntikd xéotog yww v avinom tov peyéBovg tov
mhouoiov eivar apkerd onpavtikd, ol Kataokevaotég cvvibwg avalntovv GAlovg
tpomovg  yww 1t Pertioon G GMOTEAECUATIKOTNTOG TOD GULOTNUATOG TP
amonelpa8ovv vo. auENGOVY TN HETOMLKT] EMPAVEIR TG OTEPAC.

O kaTooKeLAOTEG, EMiong, ekepalovy TV avnovyie Tovg Yo TOV aVTiKTUTO
avTig ™G aAlaynig otV kavom T TG HOVAdag va mopéyel enapkn aguypaven. H
npoxvmTovca Pektioon oty anddoon tov efatpicTipa, ovtdver ™ Oeppokpacio
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gEatpiong. O apxetd vyniég Oeppokpacieg eEATUIONG HEIOVOLV TNV KOVATITA TOV
gEatpioTpa va aroppoed Aavldvovco Beppotnro and tov aépa Tov dopotion. Me
OKOTO TNV GTOPLYT AVETUPKOVS APVYPAVONG, Ol KATUOKEVOOTEG TTPOTEIVOLY EAGYIOTN
avaroyia AavBavovoag Beppodmrag 25%. H averoyia AavBdvovoag Beppotnrag sivor
0 A6yog g amopdkpvvong Aavlavovoog Oeppudntog TPOg TV OMKH KavOTHTO.
yo&ng. Omote, n avdivon tov DOE mpaypatomownke oe avaioyio AavOdvovoog
Bepuémrog 25% won mavo.

A@pov 01 kotaokevaoTég mapeiyay Aemtopepn] dedopéva yia to poviéha kéde
KAdong, frav dvvatd vo emAeyel n KaTGAANAN adENON TG HETMOMIKNG EMPAVELNG Yia
kGle avnmpocomevTik oxedwotik Pacu] povado. Mo mopadewypa, omy
TMEPITTMON TNG AVIITPOCMREVTIKNG oxedoTikig Paoikig povadag kéto twv 6000
Btu/hr, o1 em@dveieg frav 0.87 xou 1.68 ft2 yo tov efatpiotipa kol 10 cupmLKVOT,
avtiotoryo. EQOG0oV 0 GUYKEKPIHEVOS KOTOOKEVAOTHG TapEixe Aemtopept| dedopéva.
KO Y10, TO GpECMG PEYRADTEPO HOVTELO TOV, NTav 70 £VK0A0 Vo Bpebei 1) katdAANAn
avénon g emeavewag. Ol HETOMKEG EMPAVELEG Y10 TO AHECHOG LEYRAVTEPO LOVTELO
frav 1.13 xon 2.16 fi2 1o tov e&atpomipa ka1 70 CVPTVKVOT, avtiotoya. Etot,
vrotédnke OTL aVTEG Ol EMPAVEIEG TtV TO Oplo péEXPL TO omoio Ba pmopovoay va
avEnbovv ov em@aveleg g mponrovuevng KAdons. Avty m pébodog avaivong
vroféter 6TL to péyebog tov mhaciov mpémer va avénbel, kabbg T0 péyebog TG
omElpOC 6TO PEYOADTEPO HOVIEAO OMOLTEL TEPICOOTEPO YMPO OMO aVTOV 7OV Eivon
dwbéoipog oo KifmdTo TG baseline povadac.

AYZEHXZH BA®OYX ZIIEIPAZ

H emodvewn evarrayng Oeppomrog pmopel emiong va avénbel pe mpoodixn
oelpdv avikdv ot oneipa. Or katackevaotés emPefardvorv 6Tt kdbe mlaiocto
KMPOTIOTIKOD  givol oyedopévo yu kamowo péyioto Pdboc eEatpiotipa Kol
cvpmukvet]. Kataképupeg oeipéc avhdv pmopovv vo mpoctefovv puéxpt 10 PEYIoTO
BaBoc, ahAd vrapyer 6plo GToV apBUd TOV GEPDY TOL UTOPOVV Va TPOSTEBOVV péypL
70 onueio mov Oo mpémer va ovénbel 1o péyebog tov mhawsiov. H avénon tov
pey€Boug Tov mMAoIoion £XEL CMHAVTLIKO KOGTOG Kol UTOPEL VAL KOTAGTEL OTOYOPEVTIKO
otV mpocHikn oepdv avidv. Extog and avtd, vmapyovv ko {ntipata Bdpovg,
TAP®ONG WUKTIKOD Kol HEIMONG GmOTEAECHATIKOTNTAC OV TPEMEL Vo AN@Oolv
VIoOYN).

O1 xaTacKeLACTEG INAdVOLY OTL LVEGPYEL éva TPakTiKO Opro oto Bdbdog Tov
KAMpoTioTikod mov oyetileron pe Papog, EpEAVIoN Kol avToy] OTNV EYKOTACTOON.
Av1 10 6p1o dev eivar Eexabapa opiouEVo.

IMa 10 0épo ™G TAPOONG TOV YVKTIKOV, Ol KOTOOKEVAOTEG Tovilovy OTL 0
£0MTEPIKOC OYKOC KO, KOTE CUVETELY, 1] OTOLTODUEVT TOGOTNTO YOKTIKOD, avEdveTal
AOY® TNg TPOcOHNKNG TOV KATaKOpLE®V Oepd@v ovidv. Emeld 1o peyodvtepo
péyebog omeipag avEavel TNV AMOTEAECHATIKOTITA TOV KAHOTIOTIKOD (LEC®H avénong
™¢ OeppoympnTIKOTNTAS TOV), Ol KATACKEVACTES SNADVOLV OTL TTPEMEL VO, PELDOOVV
TIV 1KOVOTITO TOV GUUTIECTI], MOTE VA S10TNPTICOVV T1 IKUVOTHTO TOV CLOTHHATOS.
Av10 mpobmobéTer OTL M KOVOTNTA TOV CULUTIECTH] MEUDVETOL KATA TPOTO 7OV OEV
emnpedlel o xképdog oe amotehecpaTIKOTNTA ANd TV aOENOM peyéBovg g oneipag.
AQ0D 0 PIKpOTEPOG CUUTIESTG EXEL HIKPOTEPO TEPIOPLOUO GTNV TAPOON YUKTIKOD,
n aflomotic Tov cuumeoT| pmopel va Buowotel Aoyw g avEnpévng mbavotntog
o nepioosia YokTikoD propei va ypnopononbel and o coompa.

Oi xatockevaotée emiong emPefardvovv 6Tt kdbe Sadoyk oepd ot
oneipo givor povo 70% amotekecpanxi] e ox€omn HE TNV mponyovuevn oepd. H
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TPooHNKN pag CEpdg oe pua oneipa mov 16N mepExet 3 1 4 oepég, mbavotata Ha
£xel PKp1) EMJPACT) OTNV ATOTEAECHATIKOTNTO TOV CVCTHHATOG,

INa va emxovpnBei n cwot agloddynon avtng Tng oxedoTIKNG EMAOYTC, To
Aemtopept| dedopéva mOL MAPELYAV Ol KOTACKELAOTES MEPMApPavay TAnpopopin Yy
T0 TOOEG EMITAEOV CEWPEG AADY pmopovoay va PrioEevnBolv and kdbe oneipa, xwpig
vo amouteiton avénon peyébovg Tov mhaiwsiov g povadac. Yrmotébnke OTL ot
QnaVTHOEL; TOV KOTOOKELAOTOV AGuPoavav vroyn tovg v mbavi) emidpaon otnv
o&omotia TOV CUUMETTY).

AYZEHZH ITYKNOTHTAZX IITEPYTIOQON

AMn pa péBodog v TV avEnon g emeaveing evorioyng Beppomrag sivar
N avdnon e mukvoTTag TV wrepvylev. Qotdco, N avénom g mokvOTNTAC
TTEPVYIOOTG, CUHO®VE UE TOVG KOTOOKEDOOTEG, E£XEL KAMOW Oplo, Ady®m NG
emidpaong oV 1oX0 TOV CVEHUOTHPG, OTNV CMOXETEVOT] TOV VEPOL KOl OTNV
emkaOnon akabapoidv.

H muxvoémra ntepvyimong £xel dueon enidpacn otnv amoitovpevn woyd Tov
avepiotipa yw va tpaPnier oépo otn oneipa. H advénon g mukvotnrog
TTEPLYimONG aviavel my nTdomn nieon g and v TAEVPE TOv Cépa OTN oREipA Kat G
QmMOTELECHA, OTOLTEITAL TEPLOCOTEPT OYLS b To potopdkt. Emiong, n peiwon oto
{Opo TOL mMepdopatog ToL aépa avalpel pépog ¢ Pedtimong g petddoomg
BeppoTnTac MOV TPOKVATEL ANd TNV avEnon Tng mokvotrag nTepvyimons. Emiong, 1
avénon mg TUKVOTNTAG TTEPLYIMOTG TPoKaAel avgnon oty katakpdtnon vepov. To
CUUTOKVOUO 7OV oYNHatileTal oToV eEQTHIOTAPO KOl HETAPEPETAL OTO CUUTVKVOTY
XAveL TNV KovomTa va otpayyilel 16co evkola. Avtd avEdvel Tnv TTOom Tieong amd
TNV TAEVPE TOV 0épa, MOV KATUATIYEL OTC AMOTEAEGHATA TOV aVOPEPHNKAY TTAPUTAVED
(adEnon woydog avepotipa kKou pewpEVN anddoon otn petddoom OgppoTHTOG).
Emrtayovetar o oynpoatiopds kar emkabnon oxkabapoidv Adye avénong g
mokvoTnTog mrepvyimone. Ta pikpoTEpE LOVORATIO TOL QP OVAUESO OT| OMEIP
givan o mbava va katakpaticovv Bpoéc. Kata m dbpkewn {ong pag povadag,
an6doon upmopel va pewBel omupoviikd, av to peyebog g oxkabapoiog wov
KOTOKPaTATAL £ivan TOAD peyddo.

IMpogpavaeg, n Pektictomoinon ¢ mLKVOTNTOG RIEPLYIWONG TPENEL VA
AopPaver vmoyn oio to emaxoiovBa omoteAécpato, ®OTE vo pnv emPapdvel 1o
ocvotnpe. Ot KATAOKEVAOTEG TPOTEIVOLY HEYIOTA GTNV TVKVOTNTO. TOV TTEPLYIMV Y
o owKihio. onelpdy. AvTd To MEYIOTO Eival CLVAPTNOT TOL TUTOV TNG OMEIPAS
(e€atpoTiipag, OCLUTLKVOTNG), TOV TOMOL TTEPVYiov (Kvpatotd, louvered,
EVIOYVHEVO), TOL aplBoD CEPOV TOV AVADV Kot TNG OWHETPOL TOV AVADY. AVTA Ta
HEYIOTO. TTPOEPYOVTOL amd TNV Kpion TOV KATAOKELOOTAV Kol OXL Omd TPoyHOTIKA
T€0T.

[TPOXO®HKH YITIOYYKTH ZTH ZIIEIPA TOY ZYMITYKNQTH

Ot tvmkoi vmoyvkteg (subcoolers) mpootiBeviar avapeca oty €080 ToL
CUUTVKVOTH Kail TNV €16080 Tov TpYyoedong cwirnva kot epfontilovial kovid oto
CLUTVKVOTI, OTO COUTVKVOUR TOL apayetal and tov eatpotipa. To anotéheoua
™G APocOKNG VIoYVKT gival 1 avénon Tov peyEBovg g oneipag Tov CLUTVKVOTY,
KaBdg To YukTiKo oL eEEPYETAL AO TO GLUTVKVMTI cuveyilel va YyiyxeTal. Adym g
dvokohiog va evoopatmbel évag vIOYOKING OTO KAMATIOTIKO, OL 7o ToAAoi
KATOOKEVOOTEG EMYEPOVV TPATA GAAEG LEBGOOVG OVENCTG ATOTEAECLATIKOTNTOC.

Tapdg kar mpémel va depeuvndel mooog dwbioog ydPog vEAPYEL OTO
A0ic10 TOL KAMPATIOTIKOD KOl av £ival apKeTog Yo TNV TPoobnkn vroyvk. Av o
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dbéoipog ydpog dev eivar apketdc, To mhaico mpEmel va peyaddocel. To kdoTog
TPOocONKNG vrOYOKTN Hmopel va eival onuavriko, ov amarteiton peydAmpo Tov

mAaieiov.
IMocooTwaia peraforn perd tnv mposdijkn
IIpw v pocthikn vroyiK™ VIOWUKTT
Kidon IkavotnTa EER Ikavotnra Ioyig EER
(Btu/hr) (Btuw/Whr)
Louvered side 6338 9.19 1.0% -2.0% 2.9%
yopic avrioTpopo
Kbkho <6000
Btu/hr
Louvered side 7461 8.50 1.7% -1.3% 3.0%
ywpic avristpogo
woKho 6000-7999
Btu/hr
Louvered side 9984 9.20 -0.8% -1.1% 1.0%
xwpic avtioTpogo
Kokho 8000-13999
Btu/hr 11668 9.00 0.8% -0.9% 1.8%
Méam perapol 0.0% -1.0% 1.4%
Khiang
Louvered side 18351 9.70 2.0% 0.0% 2.1%
Jopic avriaTpopo
Kikho 14000- 18984 9.70 1.5% -0.2% 1.6%
19999 Btu/hr
17954 9.71 1.1% -0.3% 1.4%
Méon petafolq 1.5% -0.2% 1.7%
KhGong
Louvered side 24319 8.00 0.9% -1.0% 1.9%
yopic avrietpopo
Kokio >20000
Btu/hr 34947 8.00 0.3% -0.6% 1.0%
Méan peraBoii 0.6% -0.8% 1.5%
KMiomg
Xaopig louvered 6204 8.91 0.5% -1.3% 1.8%
side yopic
avrieTpogo kikho
6000-7999 Btu/hr
Xopig louvered 11300 8.51 0.2% -2.6% 2.8%
side yopic
avriotpogo KiKkio
8000-13999
Btu/hr

IMivakag 5-3: Amoteliopata 0mdé TEGT TOV KATAGCKELUOTAV Yia Pelticoon
am6doong pe wpocsdikn vroyvKTY).
O1 KoTOOKEVAOTEG TEpElyay TV amapaitntn mAnpoopia Yo v aloddynon
TV VIOYVKTOV ¢ oxediactikh emhoyn. ['a 1ig avampocwnevtikég faoikég povadeg
(baseline) mov emeréynoav v kabe whdom, d66nkav dievkpvicelg Y 10 WHCO
peydhog Bo pmopovoe va givar o vmoyvkTng, Gote va evowpatwdel oty Mo
vrdpyovoa baseline oyedootikr] emdoyn. Emiong, ov kataokevaotég mpopnfevcay
dedopéva and ehéyyovg ywa Ty enidpacm g TPocsH KNG VIOYVKTH 6T KAVOTHTO.
TV KATAVAA®GOT 10X00C KUl TNV OMOTEAECUATIKOTNTO. ZTOV Tivoka mepovcidlovral
tétown Sedopéva and tovg Kotaokevaotés. [a kabe khdon, n mocootio petafoin
otV omoteAecHaTIKOTTe onpoivel 10 kKEPSOC OF AMOTEAECHATIKOTNTA AOY® TNG
npocdning vroyvktn. [Na 1ig kKhdoeg 6mov eéyynkay nepiocdtepeg amd 1 povadec,
ypnorpomomfnke 1 péomn Pertinon otV aTOTEAECHATIKOTNITA Y10, VO VITOAOYLOTEL TO
képdoc. Emeidn dev vanpEav dedopéva Yo kKAGoeg pe avtiotpogo kdkho, 1 Pedtivon
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AmOTEAECHATIKOTNTAG AOY® TPocOnkn vmoyvkTn Paciotnke o OMOTEAECUATA QMO
KAGOELS Y100 AgtTovpyia WHENG wdvo, TG 1610g OYETIKG tKavOTNTAS.

BEATIQXZH XTO ZXEAIAZMO TON IITEPYT'ION

O BedAnidoelg oto oyediaopd TtV TTEPLYIOV £X0VV O AMOTEAEGHR TNV
avénon tov cuviereoT peTddoong OeppudTnTag amd TV TAEVPA TOV aépa. Avtd Exst
oG anotédecpa T Pektioon g olng wavomrog petddoong Oeppdmrog TG
oneipag. Avm n Bertioon opeiketan ev pépel oy avénon g THpPng Tov afpa ot
oneipa, eEaitiog Tov evicyupévov oxediacpol tov mrepuyiov. [Todhol xatackevacTéc
XPMOLHOTOIOVV KATOW £€100G EVIOYVONG TOV TTEPVYIMV GTO GYESIOOUO TNG OREIPUC
T0VG. AVTO EMITUYYAVETAL HE XPTOTN CYNUATIOUAV TTEPLYIOV HE QVACKOOES T
kopatdoelg 1 louvered.

Ka0e xataokevaotig £xet avantitel Eva povadikd ox€dio mrepuyinv, GoTe va
gmtiyel ™V emBuunt Pedtioon om petddoon Oeppomrag. Apod e oxEdia TV
TTEPLYiOV Eival povadikd kol S1apopeTKa yia KAOe KaTaoKevaoTy, eivat SVGKOAO Vo
TOCOTIKOTOMOOVV, O YEVIKEG YPOUMES, Ol amOAvTEG EMOPACELS OmMO [
ovykekpiévn Peitioon oto mrepvyo. ‘Exel mpoywpnost £pgvva yia v avamtuén
GUGYETICEWV Y10, TO GUVTEAEDTT LETAd0oNG BeppomTag and v TAevpd Tov aépa, yio
opiopéva oxédio mrepuyiowv. O omeipeg mov yprnowonomdnkay oy £pevva aVT
AmaAVTOVTAL € KEVIPIKA KAMpaTioticd (central). [ To Adyo avtd, o1 meplopiopol oTig
OVOYETIOEL; QUTEC ovyva Eemepviodvtar Katd 7moAy, Otav epappolovial o€
KApaTiotika dopatiov. Avtd kabiotovoe emraktikn pia afidmot aAnpopopio amd
TOVG KATAOKEVOOTEG, WG TPOG TOVG GLVTEAECTEG EVIoXVONS (enhancement factors,
EF) Tov énpene va ypnoyomomnbodv. Avti va ypnoiomombodv wg mnyn ya tov
VIOAOYIONO TMV EVIOYVOE®MV OTA TTePVYLA, Ol GLCYETICES YPMOHOTOMONKAV
Eheyyog yw va eaxpiBwbel av o1 CUVIEAECTEG EVIOYVONG TOV KATACKELAGTAOV NTAV
Aoywot.

H mipn tov EF mpocapudler 1o cvviedeot| petadoong Oeppudtnrag and v
mAgvpd tov aépa. Av o EF eivar povada, avamapiota pa oneipa pe eninedo (flat)
TTePOYW Kal O€ YIVETOL KA TPOCUPHOYT OTO CLVIEAEST UeTddoong Oeppudmrac.
KdaBe tiun peyahvtepn g povadag deiyvel 01t xdmow Pedtimon €xer AdPet ydpa ota
ntepvya. o napaderypa, av o EF givat 2, o cuvtekeotg petddoong Beppomrag and
™V TAELPA Tov aépa Ba eivar Simhaoiog.

BEATIQZH £TO ZXEAIAZMO TON AYAQN

H Bektioon oto ovvieheot petadoons Oeppodtntog and tnv mAevpd Tov
WUKTIKOD EMTUYYGVETOL Pe adENom Tng Alog ECOTEPIKTG EMPAVEING TOV AVADY LE
ghkoewdn avAdkia. Avtol o1 avioi cvyvd avagépovior ¢ aviakwtoi (rifled,
grooved). ATOTEALCLATA EPYOOTNPLOKNG EPELVOG Oeiyvouv OTL O OLVIEAEGTHS
petddoong Oeppdmrog and TNV MAELPE TOV YUKTIKOU Y avAodS avTod TOU THAOV
gival ONUOVTIKAE HEYOAVTEPOG amd GTL Y10 TOVG GVUPaTiKovg Aiovg avAOVG.

Onwg xat Yo Ta TTepvyla, £T0L KAl Y10 TOVS QVAOVG, Ol KATUOKEVUOTEG £XOVV
avantiEel TOAAOUE TOTOVEC AVANKMOCEWV Yot Vo PeEATidGOVV T petddoom BeppdTnrag
ot oneipa. H Pertioon oto ovvrekeot perddoong Oeppomrag and tnv mhevpd Tov
YUKTIKODY €ival OLVAPTNOT TOL TAGTOVG, TOV VYOUG KAl TOV OLGKEVOL TV
AVAOKOGEMV, KAOOG KAl TNG CLYKEVIPWONG TOV AmavTikod mov kvkhopopei pall pe
10 yuktiko. ‘Exouv avomtoyfei otatiotikég ediohoeg yio v mpdfreyn g
Beltiovong yia ™ omneipa 1660 Tov eEQTUIOTPA OO0 KAl TOV GUUTLKVMTY. AVTEG OL
eblohoeig eival o€ Gpovg mapdyovta evioyvong petddoong Bepudmrag Kot TTdoNG
mieomc kat eival anhéc cuVapTACELS TG HESTIG CVLYKEVTPMOTNG Audlo kot Tng paliknig
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TapoyAs WukTikov oto ovotnua. Ou emdpeveg eElodoelg Yo eEATHION €lval YO TO
Aadt 300-SUS kot agopodv Tig akOAOVOES TEPITTMOCELS:
1. Zoykpon amddoone Hiypatog WukTIKOY — Awmavtikod pe kabopd yoktikd oe

Aetovg avrovg (s'/s).

2. Zoykpion amddoone uiypnetog wuktikod — Auavtikod pe kabapd yoktikd oe
EVIOYVUEVOVS avAoUg (a/a).

3. Zvykpon anddoong evicyvuévov aviov pe amoddoomn Aeiov aviod ywo kabapd
YUKTIKO (a/s).

EF,,s =1.03¢™(%¢37) 51

EF . =1.04¢*(89200+287G-135) 5 o

~ =032

EF“.:I.DL G J 53
' 257000

PF;, =1.03¢*%* 5-4

PF,,, =1.05¢'"*> 55

PF,, =14 56

O1 emopeveg eEIGMOOELS YIO TN GUUTVKVOOT Eival emiong yw o Aadt 300-SUS
Ka1 Kavouv TiS idieg ovykpioeis amddoong, OmwS Ot TPOTYOVUEVES Yo TNV eEaTion.

EFS?S =e_3.2ﬂ-‘n 5'7

EF., =e™*% 5.8

ala

EF,s = 1.9(LJ 5-9
147000

PFg,s =1.0 5-10
PF,,, =1.02¢*"* 5-11

PF, ;=17 5-12

OToL:
« EF: mapayovtag evioyvong petadoong Bepuomrac.

» PF: mapdayovtag evicyvong ntdomg mieong.

e O EVIOYVHEVOC GVAOS UE kaBapod YUKTIKO.

o @' EVIOYUUEVOC OVAOC HE piypa WYuKTIKOD — Aadlov.

s: Aelog avAdg pe xabapd YokTiko.

s’: Aeiog avAog pe piypa yokmkod — Aadiov.

»  G: paluc mapoyn (ue Paon my mpaypanikn emEavew porc).

« G’: xavovikomomuévn palixn mapoyn xpnowonowdvrag 221000 Ib/hrfi2.
s O, KAaopa palag tov Aadiod.
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Ov mopandve efiobdoelg dev mpofAémovv v mepintwon NG anodoong
EVIOYLHEVOD VA0V pE piypa yokTikod — Aadlod o€ ovykpion pe TV amddoot Asiov
avkov pe mapopowo piypo (a'/s’). Opwe, ov mo mive eliomoely pmopodv vo
cLVSVOCTOVV Y TOV VTOAOYIOHO OQUTHG TG CLVOVUCUEVNC emidpacng Audiov Kat
evioyvong. O endpeveg €EI0MOES Y10 TOVG TAPAYOVTES EVIOYLONG TNG HETAdOONG
BeppoTNTAC KOL TTOONG TECNG omeIKovilovy TO TEMKO AMOTEAEGHUO TOV GUVOVAGLOD
TOV TPOTOV EICOTEWY TPOG TNV KatevBuvor avtr).

_EF,, xEF,

EF:',_» als a’ la 5_13
o EF;'IS
PF . x PF .
PF,, . =—s " Frie 514
PE sty

Ov xotookevootég mpounBevoay dedopéva mov vroroyilovv tovg EF v
avhovg pe aviakmoelg (grooved). Opwmg, ocoppmva pe TIG TIES TTOV TPOKVITTOVY Al
TIC TOPATAVE EEICMGELS, TO KOTAGKEVOOTIKE SEG0UEVE VTEPEKTILOVY TO. OQEAT TTOV
TPOKVTTOVY OO TO OLYKEKPIHEVO TOMO avAdv. Emmléov, 10 KATAOKELAGTIKG
dedopéva dev eiyav mpoPréyelc yu v evioyvon oty mrdon wiconc. Emewdn ta
KATOOKELVOOTIKG dedopéva fitav VROTTAE Kol OYl OAOKANPOUEVE, Ol TAPEYOVTES
gvioyvong vmoloyiomnkav pe Pacn Tg eflodoelg mov mapovoidornkav. Ot
TapayovTeg evioyvong mov cuvumoloyilovv gvioyvon aviov kol mapovcic Aadiov,
vroloylomnkav pe ovykévipwon Aadwov 1.5%. Tvmkég cvykevipooeic Aadov eival
peto&y 1.0% ko 2.0%.

Or Tpég mov  ypnooOTOWONKOV YO TOUG TAPGYOVIEG EVIGYLOTG
Tpocoppolovy 10 cuVIEAEsTH petddoang BepomTag amd TV TAELPE TOV YUKTIKOD
KO TV TTOOT TECT|S 0T OREIpA. AV 1) TIUT TOV TAPAYyOVTOV evioyvong ivar 1, 101e
avamaplotd o oneipa pe Asiovg avhovg, 6mov e yiveror kot d16pbwon o610
ocvvteleoT] pPeTddoong BeppudmTag amd TV TAELPE TOL YLKTIKOV KOl TNV TTOCH
migone. Kabe tipn peyordtepn g povadag, onpaiver 6Tt kdmowr Pedtimon €xer yivel
otoug ovAovg. Ia mapddeypa, av o EF g petddoong Beppdmmroag eivor 2,
dimhaoc1aleTal 0 oLVTEAEOTHC HETAO0OTC BEPHOTNTAG O TNV TAEVPE TOV YVKTIKOV.

YEKAZMOZ ZYMITYKNOMATOZ £TH ZIIEIPA TOY ZYMITYKNQTH

To cvumdkvopa mov oynuotiletor mveo ot omeipa Tov e€atTpioTApa Kot
o1alel amd avtn, cvAiéyetar oe pio Aexdvn (pan). H Aexdvn toroBeteitar kovtd oto
CUUTUKVOT Kol LEALOTA KAT® ad TOV AVEULOTIPO TOV CUUTVKVAOTH. O avepoTipag
TOV CUUTVKVOTH £ival EQOdITUEVOG LE Eva avapTévo dayTuAidt (slinger ring). To
SayToAidr Tomobeteitan atn POTN TOL TTEPLYIOL KAl Eivarl KOVO Vo GLAAEYEL KOl va
yekaler pucpéc paleq OVUTVKVOUOTOS OTn OREpA TOV CLUTLKVEOTH, KOB®MS
MEPLOTPEPETAL O QveEUOTPAS. AvTOC O WeKAOUOS PeATUDVEL TO GUVIEAECT
petadoong Beppotntag and Tnv TAevpd Tov aépa. AVTH £ivol TOCO KOWT| TPAKTIKT,
OV TO MEPIOCOTEPA, OV Ol OAC TO KALMATIOTIKG, TNV EVOOUOTAOVOLV 1O OTO
oyedaod Tovg.

And to KotookevooTike dedopéva, Oreg ol povades wéxkalav GUUTOKVOUO
ot oneipo Tov cvprvkvet). e to Adyo avtd, 1 TPaKTIKY ot dev avaivbnke wg
oyedlaotiki emhoyn v T PeAtioon TG ANOTEAECUATIKOTNTOG TOV KALLATIOTIKOV.
Oleg 01 avrimpoomnevtikég povadeg oto baseline eninedo nepieddufavay yexaopo
ocvpmvkvopatoc. H enidpoon 1ov Wwekaopoh CUUTVKVOUOTOG OTNV anddoon Tov
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Khpatiotikot Pacictnke o £pevva YL TOV TPOGOIOPIOUO TNG EMISPACTS TOL
YEKaopov vepov otnv amddoom evairdktm Beppotmrac.

BEATIQXH THX AIIOTEAEEZIMATIKOTHTAX TOY ANEMIZTHPA KAI TOY
MOTOP TOY ANEMIZTHPA

To oVomua mapoyis aépa 610 KAPATIOTIKO TEPIAApUBAVEL £va LOTOPAKL IOV
diver xivmom oe &Vo avewompeg, Tov efoTpiomipa Kt Tov oLUTVKVOTH. O
avepotfipag tov efatpotipa eivar ocvvifmg €vag TEPLOTPOPIKOG QuoT|TIPOS
(centrifugal forward curved fan), ue e€aipeon Tig povadeg pe wavoTnTo PIKpOTEPN
and 6000Btu/hr, 6mov ¥P1GILOTOIOVVTAL TUTIKG AVEHICTIPEG TOTTOL EAtka (propeller).
O avepiompag 10V CUUTLKVEOTN &ival TOTOL £AKa, ME TPOCKOAANUEVO SayTuAiSL
(slinger ring). O pdélog Tov OayTvAdlov avtod avaAivbnke oIV TPOTYOLUEVN
gvomta. H mocotikomoinom tov PEATIOCEDV OmTOTEAECLATIKOTITAG Y0l TO CUGTIUA
TOPOYNG a€pa TEPLOPileTal oTHV avaAvoT TV BEATIOCE®V 6TO HOTOPAKL HOVO.

O1 KaTOoKEVAOTEG SNAGOVOVY OTL Ol OVEUIGTHPES TOVG TPOEPYOVTUL OO TOV
{010 KOTOOKELAOTY AVEULOTIPOV, KE ATOTELESHO TNV TUTOTOiNoN Tovg. EEautiag Tov
YEYOVOTOG avToL, Eival eEapeTikd SVOKOAO YOt TOVG KATACKEVAOTEG KAUATIOTIKAV
Vo EQUPUOCOVY TPOCHMKEG OYedlaoTkEG PBedTidoelg ywr va avEfoovy Ty
QMOTEAECULATIKOTNTO TV avepotipwv. H tumomoinon pdilov eivarl tkovomomtik
e&nymon yiati ta dedopéva amd TOVG KOTAOKEVAOTEG aveRLoTpY dev eivar Eexdbapa
®G TPpog To av umopel va Bednimbei n omddoon. Ta dedopéva avtd frav oe popen
ypapkav pe v mmodvvaun (brake horsepower) wg cvvaptnon g Tapoyns aépa o
ft3/min. Metd ond embedpnomn TOV YPoeNUAT®V, dgv KATECTN TPOQUVEG av Ba
pmopovoay va emTevyfodv ONUAVTIKES PELDOELS TNV ITTodOVauT TEGNOTS, LE XPTIoT
dwpopeTik®@v tOmwv avepwotipowv. [ 10 Adyo avtd, 1 Pertioon g
QTOTEAECUATIKOTITAG TMV AVEULICTIPWOV OV avoAvinkKe m¢g oyedlaoTiky EMAOYT Y
™ PerTioon T1g AMOTELECHATIKOTNTOS TOV OAOV KALLOTIOTIKOV.

H amoteleopatikdtnto 00 cvoTpatog aépa punopei va Bertimdel, eniomng, pe
LEIOT] TOV TEPLOPIOUOV OTT PON TOL aépa. Xmpig va KAVOLY TPOTOTO|CEL; GTOVG
EVOAAAKTEG, Ol KOTOOKELOOTEG Olateivovial 611 PeATidoglg oTn Por Tov aépa
UTOPOUV Vo, EMITELYO0VV, amhd e dnpuiovpyio TEPIOTOHTEPOL YHOPOLV HECH OTO TAMLGLO.
Avto emPBairel 10 peyGiopa Tov TACGIOD, TOV, OTKG Emdbnke vopitepa, kKooTilel
onuoavtikd. Koatd v avdlvon mg adénomg g petOmKNg oneipag afpa, O
BEATIDOELS TNG OMOTEAECHATIKOTITAG TOV CUCTHLATOS VIOTEOMKAY OTL 0QeilovTal Oyt
povo otn Sievpupévn oneipa, ahid kol otn Pehniopévn pon Tov aépa, AOY® TOV
peyakvtepov mhaioiov. I'a 10 Adyo avtd, ot fekTidoglg ot por| Tov aépa Exovv 1dn
AneBei vdyn evdoyevdg oty ovdAvon g adEnong TG HETOMIKNG EMPAVELNS TG
oneipog.

O1 xataokevaotég KhpotioTik@v wyvpiloviar 6T1 pdvo pikpég PeAnidoelg
OTV VIAPYOLOR TEXVOAOYID TV KWNTHP®V aVEHIOTHpwV eival dvvatés. Ou mo
TOAOL KATAOKEVOOTEG KAPOTIOTIKOV £Yovv petofel amd to potop Tomov shaded
pole, 7mov THrov  YOUNANG  ONMOTEAECHOTIKOTNTAG, OTA  HOTOP  LYMATG
amoteELecpaTIKOTNTAG TOMOV permanent split capacitor (PSC). Ot kataokevooTég
woyvpilovral 6Tt 10 98% twv KhpatioTikdv 1o ypnowomowdv PSC potopdkia.
AVTG Ta HOTOPAKLD, MG TPOG TNV ATOTEAECHATIKOTNTA, Bpickoviar oo g0pog 50% -
70% Ko To Mo peydAa ival o OMOTEAECUOTIKA.

To emdpevo onuovTikG GAUO OTNV GMOTEAECHOTIKOTNTO EMITUYYAVETOL HE
ypnion potop pe oviréktn (electronically commutated motor, ECM), mov sivar
YWOOTE 0AM®G, oG avokeidwta potdp povipov payvien (brushless permanent magnet
motor, BPM). Avdloyo pe 10 péyebog 7tov wwvnmpa, ta ECM  éyouv
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amoterecpatikdtnTa and 70-80%. Enedn ta ECM Cvuyilovv mepimov to Stmhdoio and
éva PSC, pmopei va amartmBovv dopikég ahhayés 610 TARIGI0 TOV KAHATIGTIKOD, Yio
v yivelr dektd to mopamaviowo Papoc. Av kot to ECM de Swatifevion axoun pe
drpaxto dimhov dkpov, kabmdg To control prAokdpel To Eva (kpo, €V VIGPYEL DOTOGO
npoavng Adyog ywti va un petakwvndei to control oe dAlo onpeio Tov potodp. Avtd
Ba umopovoe Vo CUVTEAECEL OTNV EVOMMUATMOOTN QTPAKTOL pHE dVO Gkpo, Tov O
umopovoe va ypnoipomombel ota KMPATIOTIKG, (DOTE VO KWVEL Kol TOvg dvo
QVELLGTNPES TO 1810 potdp.

Kai ta shaded pole kot ta PSC napdyovrar oe peydheg moodtnres, yeyovog
OV T KaOOTA OYETIKA GTNVE Y1 TOVG KATOAOKEVAOTEG KMUOTICTIKOV. AV Kal To.
ECM mapdyovial amd Tovg TEPICCOTEPOVG KATUCKEVAOTEG HOTOP, €ival akdun mo
akpd oty mapayoyn and to PSC. EmmAfov, o1 mocdmres mapaywyng toug eivat
aKOpn TOAD YOUNAES. AVTO KOTUANYEL GE KOGTN (Yt TOVG KATOOKEVOGTEG) TOL Eivat
2.5-5 popég peyarvtepa ano ta PSC.

BEATIQZH AIIOTEAEEIMATIKOTHTAZ TOY ZYMIIIEZTH

O1 Mo ToAlol KOTOOKEVAOTEG KAUATIOTIKAOV EVOMUATOVOLYV OTIG HOVASEC
TOVG MEPIOTPOPIKOVE GUUMIEGEC. AV KOl Ol PEYIOTEG QMOTEAECHOUTIKOTNTEC TMV
onuepwvav cvumieotdv mowkikovy and 10.7 oe 11.1 EER,  évog  kaTaokevaoThg
oLUTIESTMOV  TOLAdyotov oyxediale vo ovortofer mMOAD  AMOTEAECHOTIKOVG
neplotpoeikols cvumeotéc. H Sanyo to 1990 oyediale va avarntoéer wg to 1994
ovumeot) 12.0 EER. Avtd ta avarntuEloke oxédio akupodnkav, Aoyo tng Suokoliag
omv avartoén VMKGOV Y TN OCLYKEKPUEVY y¥phon. Av kol o1 mo ToAAoi
KOTOUOKEVAOTEG TEPLOTPOPIKMDY CLUMECTOV Tpocdokolv eEehibelg mov Oa Tovg
@épovy oe Béomn va kaTaokevdlovy ovpmeoté pe amoteheopoanikotnta 11.1 pe 11.3
EER, dnAdvouv 011 avtd amaitel v avantoén potdp vYnAng amoTeAeoUATIKOTNTAC,
TN %XPNOT VAIKOV avdTEPNG KAAOTG GTO HNYUVIGHO TOV TEPLOTPOPIKOD CUUTIEGTY KO
Véeg nefddovg mapaymyng Kal eEoTAoHol TV cupmesT@v. ['a Toug Adyoug avtovg,
HOVO Ol TEPLOTPOPLKOL GUUTIESTES, HEXPL TDPA, DEmPOVVTUL GTNV Ayopd MG EMAOYEG
v ™ Bertioon TG ANOTEAECUATIKOTNTAS TOV KALATIOTIKMV.

O adpavelokodg ovpmeotg (inertia) eivan véa Teyvoloyia Tov EMTPENEL GTOVE
TOAVEPOpLKODG CULUTIESTEG va. Tpooeyyicovy amotelecpatikomreg 12.0 EER. H
VYNAN GMOTEAECHATIKOTNTO TOL GUUTIESTN OQElAeTol TpwTOPY KA O ¥pNoN
ehappidv BokBidmv andkpiong Kol 6T0 WuypOTEPO AEPIO0 YUKTIKO OV EIGEPYETAL
OTOVG KLAIVEpOLG, AOY® HI0G KOWVOTOWIKNG TPOGEYYIoNG o1 dayeipion tov aéplov
yukTikov. To aéplo avappdenong, Tov EICEPYETUL GTO CLUMIECTY), KATEVBVVETUL OTIG
axkpaieg KOpumES TOL HOTOP KOl HOKPW amd TNV KEQPUAN TOV OULUMIECT. Avtd
TPooToTEVEL TO aéplo and to va vrepBeppavlel emmiéov katd 20-25F, peudvovtog
TG aMOAEIES anOTEAETHATIKOTNTOG WG Kot 4%. Otav 10 aépro eival otov KOAWSpo,
0600 mo dueon givor 1 avtidpaon g ParBidag, 000 mo peydAn ival 1 OYKOUETPIKT
amotehecpatikomra. Ov  onuepwoi adpovelakoi ocvumecstég mowkilovv  of
armotereopaticotnro and 11.2-11.8 EER kat dwtibfevtor yio cvotipate peyorvtepa
tov 18000 Btu/hr. INa 10 Adyo avtd, avtdg 0 VEOG TUTTOG TOAIVEPOUIKOY GUUTIEGTH
aveAvinke yio Tig dVo peyohvtepeg KAAOELS.

Av kor ov adpavewnkoi GUMTIECTEG eival mOAD omotelecpotikoi, eival
onuovtikd Bapvtepol, peyahvtepor kou mo BopuPddelg omd TOVG TEPITTPOPLKOVG
CUUTIECTEG MOV XPTOUYLOTOLOVVTOL TPOG TO TaPOV GE EPapUOYEG KApatoTikdy. Ot
KoTaoKevaosTég Tovilovy 0Tt Yo va erhoevnBel to avénpévo péyedog xar Bapog twv
adpOVEIKDY CUUMECTAOV, amolTovvTal peyardtepa mlaiowe. (g cuvéneia, mépa and
0. VEOLoWTe KOOTY, Tpémel va AneOei vdyn Ko To KOOTOG Yo TO PEYEA®U KOt TN
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ompin tov mhauciov. ‘Etol, o perétn tov DOE, 6tav o1 adpavelokoi GUNMESTEG
avTIKaO16TOVCAV TEPLGTPOPIKOVS CUUTIECTES, OTOTOVVTOV avENoT Tov peyébovg Tov
TANGIOV, Y10 TIG TEPITTAOGELS OV MTAV CNHAVTIKG peyahdTepol kat Bapdtepol Tov
AVTIOTOLY@V TEPLOTPOPIKAV OV OvTIKaO1oTOvGAY.

Ov ghikoedeic (scroll) ovumeotég ypnoylonofnkay eAdyiota o HEAETN
ov DOE. A6 Gmoyn k4GTOUG, mopaymyng Kol ¥pHong OTo KALHATIOTIKG Y00V Tl
{610 YOpaKTNPIOTIKG [LE TOVG USPAVELAKOVG CUUTECTEG.

ZYMITIEZTEZ ITOAAATIAQN TAXYTHTQN (variable speed)

O1 ovpumectés TOAUMAGY TOXLTATOV avamTOXONKOV ©C avaykn yi 1o
xoAdTepo Taipuopa to @optiov oe éva dwpdtio M éva Ktiplo. Amd 10 vo vIdpyel
pévo on — off control, n avEopcimon g YUKTIKNG KOVOTNTOG PTOPEL Vo EMTOYEL
KaAvTEpa T0 emBuuNTé Yoptio. H ovyxexpipévn pédodog £xer modhd mheovekthpata,
onwg mo Movyn Aewwovpyio o xapnAég TaxdTnTeG, KOAVTEPEG CLVOTKES Gveomg
(evekia) yrati pewdvovrtol o peydieg dwkvpdvoeg ot Beppokpacia Tov dwpoatiov
KO EMOYLOKE, BEATIOUEVT EVEPYEIOKT] AMOTEAEGHLOTIKOTTO.

O éheyyog TV CULUMECTAOV TOAAMATAMDY TOYXLTNTOV EMITUYXAVETAL UE ¥PTON
niektpovikd pudulopevov odnyav taxptitav (ASD) otov kivntipa. Ta ASD mov
Bacilovtal o Texvoloyic INVERTER VOl T0 MO KOWE GUGTALOTA Y10 KIVITTHPES
EVOALOGOOUEVOD PEVHATOS. YTapyovv dV0 TUTOL inverter mov YPTOLLOTOLOVVTIOL
0TOVG CUUMESTEG awtovg. Eivon ta voltage source (VSI) ko pulse width modulated
voltage source (PWM). Ko ot dvo megpurthoelg n  eioodog (mov eivat
EVOALOGCGOUEVO PEVUO) LETATPENETOL GE GLVEXEG PEVNA, UE XPTIOT avopOWTY CTEPEGS
kataotaons. To cuveyég ofpe To maipvel o inverter, o omoiog epodialel Tov KvnTipa
LE EVOALOCOONEVT] KUPOTOROPPT| TOIKIA®Y cuyvoTiTOV Kot Tdoswv. H kupatopopen
SwPipaletan pe ovvropa steps M madpovs wyvog. H taydtnta tov kivneipa allalet
KOTG ovaloyio e T vy vOTITO.

Enedn] n dwdwoocio eréyyov tov DOE éywve oe otabepéc ocvvlnkec,
Bertioelg o emoyakn Paon 6mwg 1 cuykekpuévn, de Ba Edvav otov Eleyyo avTd
Bertioon oamotehecpatikoOmTag. To  pHeyOADTEPO TAEOVEKTNUA OUTOV  T®V
ocvotnudtov eival n amobnkevon evépyelog oe emoywakn Baomn. [lavtwg, To DOE dev
toug ovpmepiéraPe ota mepapata. Opwme, amd €pevveg £xEl TPOKDYEL OTL Yo
KEVIPIKG GUGTHHOTO KAIUATIOHOD HE TETOWOVC CLUMECTEG, 1) OmOBNKELON EVEPYELOG
ropaivetor omd 15-40%. Adye twv cycling effects Tov KhponioTikdv dopatiov, pia
cvvInpnTikn TpoPreyn Yo mv amobrkevon evépyelag eival g TaENG tov 10%, otav
VIAPYEL CUUTESTNG TOAAATADY TAYVTNTOV.

ENAAAAKTIKA YYKTIKA

Ze OAEG TIG HOVADES, TO YUKTIKO mov ypnoipomodnke frav 1o R-22 (HCFC-
22). Opwg, emewdn to R-22 kotootpéper 10 otpdpa tov Olovtog (ODP, ozone
depletion potential) kot cvpPdiier oto @awopevo tov Oeppoknmiov, m EPA
(environmental protection agency) £yel amoryopedCEL TV TOPUYWYT KOl ¥P1OT] TOV
am6 15 1 Iavovapiov 2020.

[Mo ™ xprion everhaxtikdv yokTikdv mpéner vo Anebet vroéyn 16co 1o GWP
(global warming potential) 660 ko 1 anoTeAecpOTIKOTNTA. AV KOTO0 EVOANAKTIKO
éxer yapunhotepo GWP, dev eivar oiyovpa mpotiuntéo. Avtd copfaiver ywti, av £xel
yapnhotepn oamoteleopotikdmTa, odnyel omv mopdAAnAn xphion ovpfatikdv
nefodwv ‘Béppavong, dote va kolveBodv ot avhykes. Me Tov TpdTO CWLTO OPWC,
gvieivetal 170 TepBailoviikd TpoPfAnpa kol de CVPPLKVDVETAL.
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Eniong, ta evoAAKTIKG YOKTIKG TPENEL VO TANPOVV KOl OPICHEVEG OKOUN
npoimoBécec. Na pnv eivon to&ikd, va punv eivon edprekta, vo eivor ynpkde otabepd
kot adpavn. H épeuva akdpn dev éxel katainger oe katdAAnio aviikataotdtn tov R-
22. Tho tovg mopandve Adyovg, to Air Conditioning and Refrigeration Institute éye
apyioel éva mpdypappa (AREP) yio v a&ioddynon tev evarlaxtikdv yoktikdv. To
AREP éyge1 evromioel pepucd evaddoxktikd yoktikd. Ado amnd ta mAfov vmooyOpeva
glval 10 tpradikd piypo yapning Beppoxpaciog oricbnong twv HFC-32, HFC-125,
HFC-134a ko1 10 olgotpomkd piypo tov HFC-32, HFC-125.

To tpwadicd piypa twv HFC-32, HFC-125, HFC-134a éye1 ovotacn katd
Bapog 23/25/52%. ‘Eyev tov kmdwkd R-407C. Amd mewpdporoe g DuPont
Fluorochemicals mov 10 mopdayer (emiong mopdyetar and Tig Allied-Signal kar ICI),
Bpébnke 61 oe oxgom pe o R-22 €xel perwpévn amotereopotikdOmTa Katd 3-6% Y
yoEn kor 5-6% ywe Béppavomn. Opwmg, m etapia vrmoompiler 6Tt pe koTdAAnieg
aArayég otov eEOMAIGHO, 1) KATAGTHOT EIVOL OVASTPEYIUT TPOG TO KOADTEPO.

To aleotpomkd piypa twv HFC-32, HFC-125 éxer ovotaon 50/50% xatd
Bapog ko mapdyetar and Tig Allied-Signal ka1 DuPont pe to kwdikd dvopa R-410A.
H Allied-Signal extélece mepdpato yio ™y a&l0AGYNON TOL YUKTIKOD QUTOV Kol
dmotdbnke 011 e oyfon pe to R-22 £5ve 2% yaunhotepn amOTEAECUATIKOTITA.
AVT0 OpWG OQEMOTOV OTO HIKPOTEPO GCUUMIECT] TOVL YPNOponmomonke Adywv
TEPLOPIOUAOV TOV ocvomuatos. Me yprion evdég Pedniwpévov (evepyewokd kot Oy
OIKOVOLLIK() GUOTNUATOS, 1 amoTeEAEcHaTIKOTTA PBpéfnke 5% avEnpévn oe oyéon e
10 R-22.

Av kol e dvo ovTd YukTiKG votepodv Tov R-22 oty mapodoa @don, M
poPreyn eivon 611 T YapoxTNPoTIKG Tovg Bo Behniwbolv, 6co Ba amoxopileTa
TEPLOCOTEPT EUnELPiaL.

HAEKTPONIKEZ BAABIAEZ EKTONQXHX

O 1pyroewdnc cwAnvag eivar 1 ocvokevn eAéyyov ™G pong, TV omoia
XPTMOLLOTOOVY POG TO TAPOV TO MEPLGCOTEPE KAMpaTioTikd. Eivar pue cvokevn
EKTOVMOTG TNG TEONE, OV £XEL Hia YPORpU HIKPNG StapéTpon Tov cuvdéel v ££0do
TOV CUUTVKVOTH e TV eicodo Tov eéatotipo. Xyxedualetoar ywr v mopéyel To
BédTioTO EVEPYEIOKG YOPAKTNPIOTIKG OE £VO GUYKEKPHEVO onpeio oyedoopov. Av
Sdwotacioloyndel cwotd, propei avTdépaTe va arolndver Yo TS SIUKVUAVEELS TOV
(QOPTIOL KOl TOV CLOTHUATOG KAl Ve TOPEXEL ATOSEKTN amddoom Yo Eva peydho €0pog
cuvnkdv Aettovpyiog.

H 6eppootatikn ParPide extovoong (TXV) eivon pia GAAn cvokevn eAéyyov
TG POTIG, IOV YPT|CLULOTOIEITAL CUYVE OF KEVIPIKG GuoTpate KApoTiopov. Puopiler
T POT TOL VYPOV YUKTIKOD OV EIGEPYETAL OTOV EEQTUIOTAPO avAAOyQ pe TNV
VIEPOEPLAVOT] TOV YUKTIKOD OV eykataAeinel Tov eEaTioTipa. AVTEG 01 GUOKEVES
npocapudlovial kahitepa o ahhoyég o cLVONKeS Aettovpyiag, Omwe Sakvudvoelg
om puéon Oeppoxpocia, mov emnpealovv N Beppokpacio cvpmdkvoons. g
anmoTéAecpa, EXNPealovy BTG TNV EXOYWKT] CTOTEAEGHOATIKOTITO TOV CUGTILOTOC.

H nmiextpovikn BaAPida extévmong sivar mapdpon pe v TXV, pdvo mov
EYOUV KOl TO TPOTEPTMHO VO EAEYYOVIOL HE XPNON YNOWKAV 1) MAEKTPOVIKGOV
KukAopaTov. Mmopobdv, onwg kar or TXV, va ghéyxovv Tn pot| Tov yukTkod GTov
gEotpotipa pe Baon myv vrepOépuavon. Eniong, vmapyovv kar GAheg pébodot, Onmg
va eléyyeton M Beppokpacio ££0dov and to cvumeoti). H épevva €xer deikel 6m
EVOOUATOOT TOV nhektpovik@v BoABidwv oe khipaTioTikd pe inverter BeAtidver ™y
emoyLKT) amoteleopaTikdT e TEPA amd 6TL e YpTion cvpPatik@v BaiPidwv TXV.
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To xOpo mpotépnua twv mMAiektpovikdv ParPidov extévoong eivar 6T
av€avovv Vv anotelecpaTikémTa ot emoylaxt) Baon. Enedn opwg n €pevva tov
DOE éywe yw steady — state cvvlnkeg, avtég ov PodPideg dev avardbnkav g

oxedaoTikn) eThoy.

THERMOSTATIC CYCLIC CONTROLS

O1  mlexepwlopevor  (remote) kvkAikoi  Oeppoctatikoi  eheyKTég
napakolovBovv kolvtepa T Oepuokpacia tov dwpatiov amd TOVG GTUEPIVOUG
evoopatopévoug Beppootdtec. Epevvatar m yprion eleyktdv fuzzy logic yna
EQUPHOYEC KAPATIOTIKOV Oopatiov. Avtol Ol €AeyKTEG MPOCOEPOLV KaAVTEPT
gvekia, xvping av cvvdvacTtodv pe KaAvtepa cvotipata dwvourc aépa. To kEpdog
givar o emoyakn) Paon. Exedn opwg n €pevva tov DOE £ywve ywa steady — state
ouVONfKEG, auTOl 01 EAEYKTEG dev avalvbnkav wg oyedacTiky) emAoym.

5.1.4. ENEPIT'EIAKA AEAOMENA

Ta dedopéva tv xatackevacstd@v kar me AHAM ypnowpomonifnxav ya tov
TPOGOOPICUO TOV AVTITPOCOTEVTIKGOV base'ine povtéhov ya 9 and tig 14 xhdosic,
OV TEPLYPAPTKAV TNV apyr] Tov keparaiov (maphypagog 5.1.2 Khiceg mpoioviav).
Z1ov mivaxa napovoralovrar ta pepidia ayopag yo kabe xhaon to 1993.

KAaon npoidvrog 11060676 OMKOV EYKATUCTAGEWY |
Xwpig avtiotpopo KOKAO Ka pe louvers
Mikpotepa twv 6000 Bu/hr 28.0%
6000-7999 Btuw/hr 15.1%
8000-13999 Btwhr 34.4%
14000-19999 Btw/hr 13.7%
MeyoAdtepa twv 20000 Btuw/hr 6.6%
Xwpig avriotpoyo kbKAo kat yopig louvers Mn owbeoipa
MEe avtioTpogo kbkAo kau pe louvers 2.2%
Me avrtioTpopo KOKAO Kot Ywpig louvers Mn owbecipa

IMivakag 5-4: Ouciakd pepidia KAPaTIoTIKOV ava khaon yia to 1993.

Xwpig avrigrpogo kbxlo-pe louvers Xwpig avriorpogo kixko-ywpig louvers, 6000-

<6000Btw/hr (NAECA EER=8.0) Z 0 7999Btw/hr NAECA EER-8.5
0 43 =]
Zw,| %22
=
g% w €% 10
®E 2 <2,
22 w0 R - e T T e
g o 0 s o > =] =
B
11MONO ¥Y=H @MEHA OEPMANEH
Xwpig avriatpogo xixio-pe louvers, 8000-
1399Btwhr NAECA EER=9.0
.aq' s 2
«* Ol —— - -
g; % ————— Impa S-Z'Z. Karavopn
IS i P tmvp?wslmv
8394933 OPLOPEVOV KAAGEMV
BR kata EER.

" MONOYY=H m ME HJ'LBI-PMAN:EH

125

! Institutional Repository - Library & Information Centre - University of Thessaly
23/04/2024 21:53:10 EEST - 3.14.13.79



Kepddaro 5: Owkovopikt Avédven — U.S. Dep. Of Energy (DOE)

Avo kpunfipua xpnowonombnkayv yie tov kebopiopd g baseline povadag oe
kGOe kAdon. Avtd eivar n ikavéomrta wigng kot to EER. H yoknikn wavomta kdbe
povadag £mpene va eival TVmKY TG TAEOYNQIOS TOV poviéAwv mov Bpickovial oTov
kat@hoyo g AHAM «xoi 10 EER émpene va Ppioxetar xovid oto eldyoto
emtpendpevo ms NAECA e 10 1990. Zta dwypdppato mapovordlovior ot
KATAVOUES OPIOHEVOV KLACE®V OE GYECT] HE TNV anoTeElecpanikoTTe. Ta mo moAhd
poviéha £xovv EER xovta oto ehayoto g NAECA, mov mapovowdlerar ota
dyphippata.

Ztov mapaxate wivaka mapovowdlovial ot mEPiAnyM opiopéve onpavnikd
dedopéva Yo TG avrmpoconevTikég baseline opwopévev xhdcewv. Ta ™y
TPOCOWOIMOT, Ol KaTaoKevaotég mapeixav Odedopéva Y@ ™ yeoperpic tov
CUCTIHATOG KAl YO TO YUKTIKO. ZTOV TvaKa TapEXOVIaL T060 Kabopiopéves Tiuég,
600 xar perpnuéves. Ov xoBopopéveg mpég (rated) eivar mpé xorahdyov tov
xataokevaot®v. O petpnuéveg iuég (measured) eivar o1 TipEG OV TPOEKVYAV ATO
tov éAeyyo tov DOE. To povtélo mpocopoimong mov katackevaomke Bacileto otig

HETPTHEVES TIHES.
Kidaon (Btwhr) | >6000 | 6000-79¢9 | 8000-13999
EER
Rated 8.2 8.5 9.0
Measured 8.2 8.45 9.3
Capacity (Btu/h)
Rated 5950 7550 12000
Measured 5850 7480 12155
Ireipa eLaTpiotipa
Empavewa ft* 0.87 0.87 1.06
Tonog ntepuyiov Corrugated Corrugated Enhanced
Timog avAol Smooth Smooth Smooth
Lreipa CUPTUKVOTI
Empavela ft* 1.68 1.68 1.81
Tomog nrepuylov Corrugated Corrugated Enhanced
Tomog aviov Smooth Smooth Smooth
Zopmeotic
Displc. In’ 0.579 0.697 1.12
EER 10.8 10.9 10.3
Capacity (Btwh) 6670 8100 12870
Tpyroe1dng cwinvag
No. 1 1 1
ID.in 0.049 0.054 0.049
Mrkog in 41.5 45 33

[Mivaxag 5-5: Xapaxktnpiotika opropévov povadov baseline.

5.1.5. MONTEAO MNPOZOMOIQXIHZ

Extoc amd ta mepdpata mov exteréomkav and to DOE, mapddinia
EKTEAECTNKAV KOl TPOCOUOLAGELS HE £va VTOAoyloTiKO povtéro. To poviédo avtd
givar pa tpomomoinpévn éxdoom tov Oak Ridge Heat Pump Design Model, Mark III.
To Oak Ridge Model sivai éva mpdypappa yia TV TPOCOUOI®OT G OVTAIGG
Beppuomrag aépa, mov Aswrovpyei pe mAiektpikd pedpa. Eivar éva poviého mov
npocopotdvel steady — state ouvOikeg Aewovpyiag, ywe ddpopeg ocvvBrikeg
nepifaddovroc. It ocuvvlrikeg avtég vmoroyiler to EER. e va yivouv xat o1
KaT@AANAES GVYKPIGELS, T TI TPOCOUOWDCEL; emALyBnKav ot idieg cuvlnxeg mov
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emAéyOnkav kot yo ta wewpapata tov DOE. Metd and katdAAnAeg allayéc, v vo
Aertovpyel xar oe ovvBiikeg woEng, T0 poviého Nrav £topo yie ypnion. [
TMEPIOCOTEPEG TATPOPOPIEC OYETIKA HE TO HOVTEAD, O avayvOOTNG UTOopsl vo
avatpeger oto eyyewpidio tov DOE. Zto onupeio avtd, Ba mapovciactodv T
amOTEALCUOTA TG OUYKPIONG TEPAUATOV KUl HOVIEAOD Y10 WEPIKES KAGOELC

KALATIOTIKOV.
Louvered <6000Btwhr Louvered 6000-7999Btuw/hr | Louver. 8000-13999Btu/hr
Test Model % Test Model % Test Model %
dagopd dagoph duzpopid
EER 3.2 8.23 0.4 8.45 8.46 0.1 9.3 9.32 0.2
Bwhr | 5850 | 5852 0.0 7480 | 7481 0.0 12155 T 12153 0.0
loxds 585 586 02 753 753 0.0 1128 | 1128 0.0
ocvun. W
Pubpdg 2.0 2.06 3.0 2.3 2.49 8.3 39 404 3.6
WEXAO.
Ibmvhr
Yxooul:»g 27.0 214 1.5 25.0 26.0 4.0 240 223 -1.1
n
Avap%:_ 57.0 547 -4.0 438.0 45.1 -6.0 540 445 | -17.6
gnon
Kurd:;:h 172.0 | 180.7 5.1 175.0 | 181.8 3.9 168.0 | 180.1 1.2
ym
Eiocodog Age 175.6 Ag Ag 178.0 Ag 168.0 | 1778 3.8
oo | METP HETPT | METPT] Hetpn
Onxke Bnxe | Onke Onke
‘Egodog | 95.0 | 104.3 9.8 103.0 | 103.4 0.4 96.0 | 105.5 9.9
GUUTVKY
wth °F
Tpyoed | 95.0 | T00.8 6.1 102.0 | 100.7 -1.3 Ag 1039 Ae
s o HeTpn peTpr]
Onke Bnke
Eiloodog Ag 40.5 Ag Age 45.7 Ag 47.0 412 | -12.3
S | petpny uetpr | petpi uetpn
fnke Onke | Onke Onke
‘EEodog | 40.3 54.7 35.7 43.5 45.1 . 97 48.0 44.5 -1.3
e&g;u»
Egagpw 41.0 38.8 -5.4 44.6 41.9 -6.1 45.0 35.5 -21.1
n'F
opmok | 1220 | 132.1 8.3 127.0 | 130.5 2.8 120.0 | 1278 6.5
vaworn °F

Iivakag 5-6: Tiykpion weipapanikdv perpiicedv tov DOE pe to povréio tov
Oak Ridge Heat Pump Design Model, Mark III.

5.1.6. AEAOMENA KOITOYZ - AIIOTEAEEMATIKOTHTAZ

Zmnv evémta avtn tapovordlovial dedopéva TOV KUTROKEVUOTOV Y1 KOOTT)
Kot armoteleopanikotnes. To ko0oTog ava@épetal ote ££080 TOV KUTUOKEDQOT] Yid
TV TOPay®Y ] TOV TWPOIOVTIOC UE TG EKACTOTE OXEdOoTKES emAOYES Kai dev
nephapfavel motdoeig oe Mavordieg kat yovdpéumopove. H anoteleopanikémya
exppaletar oe EER, &xt6¢ amd T OYXESWOTIKEG EMAOYEC MOV EVOOUATOVOLV
ovpmesT| ToAaTAGV TaguTitov. [a Tig neputtdoelg avtés, 1 a&loAdynon yivetat
xat@ SEER, &nAadn emoyaxd (seasonal) EER, enredny Pedtibvovv mv
anoteheopatikéTra o emoywkn Paon. Ta amotedéopata mapovowdloviar ot
EMOUEVOVG TIVAKES.
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Kegpaharo 5: Owkovopkiy Avaivon — U.S. Dep. Of Energy (DOE)

lMa va TPocdoploTEL 1] ETHOW KATOVOAMON EVEPYEWC CUULQMOVA HE TOUG
vroloyiopovg tov eréyxov tov DOE, n wavomro agaipeong Oepudtnrag g
povadag vrotibetor dT mapapével otabepn, avedprta and Tnv enidpacn mov Exel
v TG M omowdnnote oyedwotikn emioyn. [ 1o Adyo avtd, n povada Oo
Aewtovpyel  Aiydtepeg  Gpeg av  p  oxedwotikn  emloyn Pehudver v
amoTELESHATIKOTTA Tne. [ kdBe pia and Tig avTimpocmnevTikés povddeg baseline,
oL eToleg dpeg Asrtovpyiag Bewpovvral 750. Onmg cvumepaivetal and £psuva Tng
AHAM, ov 750 dpeg eivor to amodextd péco eBvikd emimedo Asitovpyiog Tmv
KMpatiotik@v dopatiovn. H emiola amopdkpvvon Oeppotnrag amd wkdbe povado
baseline Bpioketal av molamhaowotel 1 kavoTnta YoEng g povadac pe tig 750
®peg Aertovpyiog. Mo kdbe oxedaotikn emioyn mov avardeTal, O ETHOLES DPEG
Aertovpyiag mpoodopilovton pe PAcT TNV VIOAOYICHEVT) 1KAVOTNTA AMOUGKPVLVOTG
Beppotntog, mov Swpeital pe TV KavotnTe WuEng g povadas. Eedoov ot
TEPLOCOTEPEG OYENOOTIKEG EMAOYEG ALEAVOVY TNV IKAVOTNTA TNG LOVASAG, O1 ETAGLES
Gpeg Aerrovpyiag peidvovian pe v mpochnkn oxedotikdv emhoydv. H ethown
KOTOVAA®OT) EVEPYELNS TPOoodopileTol pe MOAAOTARGIOOHO TNG OMKNG 16X0V0G HE TG
hpeg Aertovpyiog.

ITpocoata dedopéva tov ydpov (field data) deiyvovv ¢t n eTfiolo evepyelakn
KQTOVAAMOT TOV KAHATIOTIKOV EIVOL ONUAVTIKE PIKPOTEPT) AO TOVG VTOAOYICLOVG
0v DOE mov Bacifoviar om péon mipn Aewtovpyiag tov 750 opdv. Ta dedopéva
oTA TEPOVOLALOVTAL 6TOV ETOUEVO VAKX, MG TN oTafepT| PEOT ETOW KATOVAA®MOT
gvépyelag oL 1990. Avtd Ta etiow Oedopévo  EVEPYELOKNG  KOTAVOAMONG
napovoldlovial kot TOMO OKlNG KOl TPOEPXOVTOL OO OPKETEG TMYES, OmMMG
EKTILACELS UNYaviK®v. Xtov 1010 Tivako TapovsidlovTol 1 GTATIOTIKY KATAVOUT] TV
omTndv katd tono 10 1990 kot T0 TOCOCTO TOV OMITUOV 7OV YPTOCULOTOLOVY
Kapatiotiko. H otdBuion tov dedopévav tov mivaka odnyel o péon katavalmon
gvépyewong yur to 1990, 762 KWh/year. Avt n Ty oavuiotoyei oe péonm
anotelecpoatikomTa Yo to 1990, 7.48 EER. Zto pebendpevo mivaka, napovciafovo
kot T EER tov otabicpévou goptiov ko 10 pepidlo ayopds katd £€1og. Amd To
dedopéva avtd, mpokdmtel péon omoteleopotikdétnta 7.48 EER.

Tomog owiog Karavaioon 1990 | Zratiotikn (1990) | Katavoun owkiav
KWh/year katavopn owdv % | pe kKhipotiotikod %
[ owoyévelwn 870 63.8 271
>1 owoyéveln 530 245 30.6
Tpoyoomita 680 Dl 30.6
2T0BIopEVOC 762
LECGOG

Mivakag 5-7: Méen katavaimon yia to 1990 ava tomo owiac.

Erog -1971 1971-1980 | 1981-1985 1986-1988 1989-1990 Méoog

EER 5.82 6.51 7.43 8.52 8.64 7.48
orafuoutvou
popriov
Btu/W-hr

Mepidio (1990) 6.9 26.8 30.5 23.7 12.7
popriov %

Mivaxag 5-8: Stock average efficiency khpotioTik@v Y10 T0 1990.
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2t OULVEXEWR, T PEOT OTOOUIONEVT] EVEPYEWNKT] KATAVAAMOT TOV Tivaxa 5.7
(762 KWh/year) cuykpivetal pe TV ETHOI0 EVEPYELNKT] KUTAVAA®OT TOV MEPANATOC
twov DOE, nov Poaciomke otig 750 dpeg Aerrovpyiag etnoime. tov emdpevo mivako
napovolalovial ye TG KAGOES TOV KAUATIOTIKOV, 1) OTOTEAECUATIKOTITA TNG
povadog baseline kot 1) £T1CW EVEPYEWRKT) KATAVAA®GT) IOV TPOKVATEL Ao TN pébodo
tov DOE. Eriong, napovordlovrar kot ta dedopéva tov AHAM v to 1990.

Kidon npoidvrog 1990 baseline EER Karavaimen xatd ITocootd % popriov
(BtwW-hr) DOE (KWh/yr) 1990
Xopig avricTpo@o KUk, pe louvers
<6000 Btwhr 8.23 533 271
6000-7999 Brwhr 8.46 664 17.1
8000-13999 Btwhr 9.32 978 31.7
14000-19999 Btwhr 9.00 1497 12.0
>20000 Btw/hr 8.22 2215 58
Xopic avticTpo@o KVkio, yopis louvers
6000-7999 Btwhr 3.88 338 1.7
8000- 13999 Btw/hr 3.8 922 1.7
Me avrioTpogo 892 1057 23
KUKA0, pe louvers
Me avrioTpogo 872 977 05
KUKAO, Y0Pig
louvers
Méon ot@duion g 8.74 930
TPOG TO POPTio

IMivakag 5-9: AnoteleopaTikétnTta TG povadag baseline kot eTijole evepyelaxt)
Katavalmen mov tpokvaTel axd T pédodo Tov DOE, ya To 1990.

Me oxond va yivel pua evbeia cbyKpLon CVAUESH OTNV KOTAVAA®OT) TV 762
KWh/yr (field - based) kot twv 930 KWh/yr (DOE), yivetot pio kavovikomoinom.

EER 7.48
EUgegnip = EUﬁeld_,m[ﬁEi'-‘-] = 762KWh!yr[m) = 652KWh/ yr 5-15
omov:
o EUg i o Méon kotavdlwon evépyelng otaduopévn wg tpog to poprtio, field -
based.
o EUggsoac Méom Katavilmon evépyelng otabupiopévn o mpog stock, field -
based.

EER__ . 1990 stock average anoteleopankoTnra.
EER . 1990 shipment - weighted amoteheopankdmzra.
H tipn tov 652 KWh/yr nov npoéxuye, eivar nepinov to 71% mg npng tov

930 KWh/yr mov vmoloyicmkav and ta mepapota tov DOE. Avty n ovyxpion
vayopedel OTL oL £TNoeg Mpeg Asrtovpyiag xatd 71%, amd 750 oe 533. Eroug
emopevovg mwivakeg, o1 mpéc tov DOE ya myv  evepyswk] xoatavéAoon
rolhamhacialovrar pe 1o 71% ywx va IpoxvyeL 1) eTioe katavaioon mov Pacileto
ot1o y®po (field - based).

EER

BN he |
T i+

[ Eninebo L Design Eavoyn Koorog l Btu/hr l Test DOE | Field '
dazizn XEIROXSHS LA

|
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Kegpdhato 5: Owkovopiky Avaivern — U.S. Dep. Of Energy (DOE)

design | xarackeva Btw/W-hr | KWhiyr | wpec KWhiyr
ot 1990%

0 Baseline | 179.39 5852.1 8.23 533.1 | 750.0 378.5

1 0+A 180.17 6061.6 8.7 504.7 | 724.1 358.3

1 2 1+B 183.17 6076.0 9.32 471.0 | 7224 3344
2 3 24T 186.01 6509.3 9.71 452.0 | 674.3 3209
3 4 3+A 189.76 6567.9 10.0 439.0 | 668.3 311.7
4 5 4+E 216.90 6729.8 10.38 422.8 | 652.2 300.2
6 S+Z 276.90 6731.3 10.57 4153 | 652.0 294.9

5 7 6+H 400.74 6731.3 11.74 3738 | 652.0 265.4

Mivaxag 5-10: Kootog — amotedespatikomra yio khpationikd <6000 Btuw/hr ywpic
avtioTpo®o KOKAO, e louvers. Baseline: SVHmEST | 6.67 Kbtuhr, EER=10.76, Aciot
avroi, kupanotd nrepvye kau shaded — pole xwvntipag avepoTipov. A. evioyvon
nrepuyiov egatpotpa (EF=2.18) ko cvpnvkver) (EF=2.14). g, avtikordotaon
tov shaded - pole xwnmpa (30% amoteheopatcommra) pe tov PSC 50%
QMOTEAECUATIKOTNTAG. T OGVIIKOTOOTAON Agiov  aUAOV  HE  OWAOK®OTOVG,
e€atpuompag: Enhanc.Factor=2.27, Pressure drop multiplier=1.41, copnvkvemg:
Enhanc.Factor=1.95, Pressure drop multiplier=1.85. A mpocBnkn vmoydkty, pnkog
65"°, DIA=3/8"", Beppoxpacia cvumdkvmong 90.8F. v  eEatpiotipog: HETOMKY
emodavea aépa and 0.87 oe 1.13 fi2, copmuxvemg: petOmKN emedveln afpa amd
0.68 oe 2.06 fi2. 7, avuikardotaon tov 50% oamotekeopatikotnrag PSC xvnmipo pe
tov 70% amotelecpotikémrag BPM kwvnmipa. W avTiKotdotaon Tov omhov

CUTIEGTT] L€ GUUTIECTN TOAAUTADV TAXVTTOV.

Eninedo Design Emioyn Kéotog Btu/hr EER Test DOE Field
design KaTaoKELa Btu/W-hr RWiiyr T KWh/yr
ot 19908

0 Baseline 199.3 7481.2 8.46 663.5 | 750.0 471.1

| 0+A 200.41 7706.6 8.8 637.7 | 728.1 452.8

1 2 1+B 203.41 7722.4 9.38 5984 | 726.6 424.9
2 3 2+ 207.16 7803.8 9.66 580.7 | 719.0 412.3
3 4 3+A 211.42 8059.1 9.91 566.2 | 696.2 402.0
4 5 4+E 240.5 8216.0 10.33 5432 | 682.9 385.7
6 S5+Z 302.33 8218.5 10.5 5342 | 682.7 379.3

5 7 6+H 426.9 8218.5 11.67 480.8 | 682.7 3414

Mivakag 5-11: Kootog — amoteheopatucomra v khponond 6000-7999 Btu/hr
YOpic avtictpoeo kOKAo, Le louvers. Baseline: SVHmeo™ G 8.1 Kbtu/hr, EER=10.95,
Aetor avdoi, kvpatiotd mrepdywe kar shaded — pole kwnmipog avepomipov. A.
gvioyvon mrepvyiov eEatpiompa (EF=1.84) ka1 ocvpmukvern (EF=1.86). B,
avtikataotacmn tov shaded — pole kivntfpa (30% amotereopatnikotnta) pe tov PSC
50% amotelecpatikdTroc. T mpootnkn vmoydktn, pnkog 6577, DIA=3/8",
Beppokpacia copmvkvoong 86.3%F. A aviikatdotacn Aeiv avA@V pe aVAaK®OTOVCE,
e€atpnompag: Enhanc.Factor=2.08, Pressure drop multiplier=1.41, cvpnvkvemg:
Enhanc.Factor=1.85, Pressure drop multiplier=1.85. w efatpiomipag: peTomKM
emoavela aépa and 0.87 oe 1.13 fi2, cvpumukveThig: HETOMKY em@dveln aépa and
0.68 oe 2.16 fi2. 7, avrkerdotacn tov 50% amotelecpatkotntog PSC xivnmpa pe
tov 70% oamotelecpotikomrag BPM xwnmipa. H. oviikatdotoomn Tov amAoY
CUUTIECTN] LLE GUUTIEGTT] TOAAATADY TAYLTNTOV.
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Eninebo Design Emuhoyn Kootog Btu/hr EER Test DOE Field

design t;c;;u.;rgx;gg Btu/W-hr RWHyT e KWh/yr

0 Baseline | 256.51 12152:7 9.32 977.6 | 750.0 694.1

1 1 0+A 262.62 12439.5 9.71 938.7 | 732.7 666.4

2 2 1+B 264.88 12512.4 9.85 925.6 | 7284 657.2

3 3 2+ 269.68 13049.1 10.11 9014 | 698.5 640.0

4 4 3+A 303.6 13477.4 10.97 831.0 | 676.3 590.0

§ 4+E 368.18 13482.0 11.15 817.3 | 676.1 580.3

5 6 5+7 499.03 13482.0 12.39 735.6 | 676.1 522.3

Mivaxag 5-12: K6otog — amotehespaticémra yia khponiotikd 6000-7999 Btw/hr
yopig avtiotpopo wVxkAo, pe louvers. Baseline: OVHmieomi 12.78 Kbtu/hr,
EER=10.3, Aeiot avdoi, evioyvpéva mtepdyre wor shaded — pole xwmrfipog
GVEUIOTAPOV. A. QVTIKOTACTAOT] VRAPYXOVTOG GUUMIESTN Le cvpmeot 13.2 Kbtu/hr,
EER=10.82. B, mpocbixn vmoydktn, upfkog 34", DIA=5/16"", BOeppoxpacio
ovundkvaong 91.3%F. 1, avuikatdotooT Asiv avAdv pe avhakwtons, eEaToTipag:
Enhanc.Factor=2.16, Pressure drop multiplier=1.41, CUUTVKVOTNG:
Enhanc.Factor=1.67, Pressure drop multiplier=1.85. A  efatmotipag: peTomKA
emoeavelo aépa and 1.06 oe 1.50 ft2, copmvkveOTg LETOMIKY EMOAVELD AEPA OO
0.72 oe 2.38 fi2. w_avukatdotacn tov 67% anoteespoatikdémrag PSC xivntipa pe
tov 80% amotekecpanikotnrag BPM wxavnmipa. 7 avtikatdotaon tov amhod

CUUTIECTI L€ CUUTIECTI] TOAAATADY TOYLTTOV.

INa vo pnv mepopotei o opBpdg TV CYESCTIKOV €mMAOYOV Tov B
UTOPOVCAV VO EQPUPHOCTOLY Yo KGOe Khdom, ta Opwa TV wavoTHTV YHEng o
Modnkav vTdyn otV AVAAVCT AVTY. TNV TEPITTOOT TAV 2 PIKPOTEP®V KAAGE®V, 1
wavotro WoEng emtpamnke vo vnepPei ta Opwe. Xwpig too Opra ovTd, Ot
oxedaoTikég EMAOYES LTOPOVV VO EQUPHOCTOVY 1) Pt HETAE TNV GAAY, xopig okéyn
T Vv enidpaocn omv wavétnta yoEng. Me Ttov Tpémo avtd, 1 avdivon Oev
emPapvvetor pe TOV TEPOPWOUO TNG vrodoTactoAdynong efapudtov, Y10 T0
okomd TG dratipnong g wavoémTag Yyoing ot kabopiopéva Opra. Yrotébnke 6T av
0l KOTOOKEVAOTEG £0gTOV TNV WKavoTNTA YHENG W¢ meptopiond, Ba Mrav wavoi va
pépovv Tig oyedaonikég emhoyég oe TETOW0 Eminedo, Mote va unv vrepPaivovv ta
opra ™G KABe KAGoNG.

Ov wivaxeg mov mponymOnkav, e&nyodv amd pévor tovg Tt mapovoidlovv.
Znuewboelg cvvodevouvv kabe oyedraoTiky emhoyr ywa va eEnyovv Tt onuaivet. Ocov
agopd TG oYedUCTIKEG EMAOYEG TOL OAVEAVOVLV TNV AMOTEAECUATIKOTHTO TOV
OLUMESTT), TO. dedopéva Y OAOVC TOVG CLUMECTES €ivol TPAyHATIKE Oedopéva
anédoong. Ta dedopéva avtd mapéyovv THES Yo TV 100 €10680V KAl TV Tapoyr
TOV YUKTIKOV, ©G CUVAPTNON TV Beppokpactdv eEATIIONG Kol CUUTOKVOONG, LE
ypnon eEromoswyv bi-quadratic, 6nmg neptypdpetar oto £yxepidto tov DOE.

5.1.7. AEAOMENA KOXTOYZX

Ta meprocdtepa dedopéva kdoTovg Ta mpoundevoe 1 AHAM. Ta dedopéva
™ AHAM ocvAiéyfnkav amd apkeTovg KOTACKEVOOTEG KAIMATIOTIKAOV kat Pynke
pécOg OpOG Yo THPNOT TNG EUMOTELTIKOTNTOG TMV OTOWEIOV Tav dagdpwv
katackevaotav. Ta dedopéva g AHAM agopovcav Tig TEPTTAOCEIS: QLENUEV
AMOTEAEGUOTIKOTTO.  TEPICTPOPIKOV CULUMESTY], €Awoewdn (scroll) ouvpmeoty,
molvOopoptkd (inertia) ocvpmeoty, avEnpévn mOKVOTNTA TTEPLYiWV, AVLENUEVT
TUKVOTNTA AVADY, CVAOT PE AVAAKADOELG, EVIOYVREVO TTEPVYIA, VITOYVKTEG, AVENULEVO
uéyebog mhonoiov, kwntiipeg BPM (brushless permanent magnet) kot GUUTIECTEG
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moAhami®@v taxuttov. Omov dev vapyav dedopéva g AHAM, ypnoonomnkay
dedopéva amd KaTaoKeVaoTEG EEAPTNUATOV.

INa ¢ ehndoeig otig oneipeg v evarraktdv, Ta k6ot Pacicnkav pévo
oe dedopéva ™mc AHAM. Ta mepwoodtepa and oavtd ta dedopéva xdoTOUVC,
EKQPACTNKAV G OUVAPTNOT TOV EMAALOV DVAIKOY 7OV OmaLTEITOL Yo TNV
mpaypatomoinon g oxedwonkrg ariayne. Na mv  avinuévn mokvéta
mtepuyioong, avénuévn mukvétnte avidv kar T Peltioon om oxedicom Tov
ntepuyiov, 10 KOoTog mapatébnke oe U.S.§ ava dykov viikov mov apootifetal. INa
NV TEPITTOOT TOV VA0V PE AVAAKAGCELS, T0 KO0TOG mapatédnke oe U.S.$ avd lineal
foot avAov. Na v mpoctnkn vroyvK, T0 KGGTOG fTAV CVVAPTNOT TOV PAKOVE TOV
vroyvkT. TPeEwg SluPopeTikég CUVAPTACELS Yo TOV VIOYVKTN pNolorodnkay, 1
kafepia yo Sapopetikn Sidpetpo avidv. Ta dedopéva kdotovg Y1 v adénon
peyéBoug tov mharsiov (pe avénom peyéBoug mg oneipac) mopovoidotray wg Etpa
k60705, mov Pacilerar oty wavéomra YoEng ke KAdone. Zrov emduevo mivoxa
nopovoidlovrar ta dedopéva KOGTOVG Y10 TIG Topomave PBEATIOCES O eVOAMEKTN

Beppdnrac.
Avtikeipevo Kartaorevaotiké kbotog (19945)
AvEnpévn TukvoTnTa ATEPLYIOV 0.2/ 10’ TpooTIBEREVOD VAIKOD
AvEnpEvn TuKVOTINTA QUAGY 1.45/ 1n” nrpooTiBépevon vAko) aviod —0.2/ in’
npooTIBEREVOD VAIKOD TTEPUYiOD
Avioi pe aAaxGoELS 0.48 eEtpd/ lineal foot
Evioyupéva nrepiyia 0.2 e€1pd/ in” TpooTIOEPEVOL VAIKOD TTEPUYIOL
Ynoyvokreg 3/8"" DIA aviov=%1.07+50.043* ufixog (in)

5/16"" DIA avhov=$1.07+80.037* ufjxoc (in)
/.”" DIA avAo9=81.07+$0.027*wiixoc (in)

Avénpévo péyebog nhaiciov <6000 Btu/hr: 28%
6000-7999 Btu/hr: 308
8000-13999 Btu/hr: 35%
14000-19999 Btu/hr: 1008
>20000 Btu/hr: 60$

IMivaxag 5-13: Asdopéva kéoTovg KartaskevasT®dv (tng AHAM) 1e Bednideeg

og evallhaxreg Oeppomrog.
Tomog cUPMESTY Kat TN KatackevaoTiké kbotog (19949)
Mepiotpooixos (AHAM) $/0.1 EER avénon=50.42+50.06* (Kbtwhr)
Adpavewkdc-rakvépopkog (Bristol) Tomog H26B(11.2-11.3 EER)=520-530
Tomog H27B(11.4-11.6 EER)=$30-$40
Tomog H27A(11.7-12.0 EER)=%40-350
Hyopdéveoon=513
Scroll (AHAM) $36-341 mep100OTEPO AMG TOVG AEPICTPOPIKOVS
IMoMamhbdv tayvmtov (AHAM) 40% nep1ocOTEPO C6 TOVG AMAOUS GUPMIESTES

[Mivakag 5-14: Asdopéva K66TOVE KATAOCKEVASTOV Yia BEATIOGES 6 CUNTIECTEC.

5.1.8. MEI'IZTH E®IKTH TEXNOAOI'TKH ZXEAIAZH

Onwg avapépbnke vopitepa, n PEATIO eQikT TEXVOLOYIKY OYediaom Yia TIg
9 KAMAoElg TOV KMUATIOTIKOV EMTUYYAVETOL EITE HE TN YPNON CLUTIESTAOV TOANOTADY
ooty (Yo povadeg pe louvered sides) eite pe avénon g emodvewag g
oneipag (1o povadeg ywpic louvered sides). H BéAtiotn epikti texvoloyiky oyediaon
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nephapfaver evicyvpéva mrepiywd Kol avAoVG HE QVAOKAOELG Kol Yo TIG 2 OMEiPES
(e€oTOTAPO KOL OCLUTVKV®TI), VAOWYOKTY, HEYOAVTEPES OMEIPEC EVOANAKTOV,
Kwvnmpa avepiotipev Tomov BPM kot cupmest) ToAAUTAGVY TaxuTiT@v DYNARS
anotehecpankdmrag. H omotedecpatwcémnto tov  oyedwopod  “max  tech”
npoodlopiletan  amd dedopévo TV KATOOKELOOT®Y Kol Vmoloyiletar  omd
TPOCOHOIMOE ME poviéro. OAeg o1 THEG TV MVAK®V 7OV Tporyfbnkov,
gumepiEyovv éva Padud apefardmroc.

Ko yua ig 9 xhdioeig xhpatiotikdv, 1o £0pog 100 95% 100 SacthpoTog
EUMIOTOCUVIG Yo KGOE Eva OO TOVG EQPIKTOVG TEXVOAOYIKOVG OYedoLoVG &ival
nepinov 1o id10. To kétw dxpo Tov SraoThuaTog £ival katd péco dpo 5.6% pixpdtepo
and ™ “max tech” afioAoynon xotd SEER (seasonal EER). H a&okoynom yivetar
kotd emoyoké EER, ywti evoopathver oopmeot mollanidv tayvtitov. To dve
GKpo TOL SCTANNTOG EUMOTOCOVNG Eival Katd péco opo 20.5% vynidtepo and
“max tech” a&orloynon xaté SEER.

5.2. IIPOBAEYFEIXTIA TH BAXIKH IIEPIIITQXH

Toa  amoteréopoto. TV~ OUOCTOVOWK®MV  EVOAAOKTIKOV  ERUTEOMV
anOTEALONOTIKOTNTOG LRoAOYilovTonl HE OUYKPLON TG TPOPACTOUEVIIC OIKLOKNG
EVEPYEWKNG KOTOVOAWONG HE ko Ywpic ta emineda amoteAecpatikémrog. Ot
TEPINTACELS YWPIG TNV EMPOAT EMAESDV OMOTEAECUOTIKOTITOG OvaPEéPovTal wg base
case projections (mpoPoin} Paocikdv mepurtdoewv). H Pacua| mepintwon éxer otdyo
Vo TopEXEL o Aoyikr) TpdPAEYN TNG HEAAOVTIKNG KOTAVAAMONG TNG HOVAdaG, TNg
TG Tov e€omAopoy Kol TG EYKATACTOONG TOV KANATIoHOV, AapuPdvoviag vroyn
aALOYEG OTO OTOBEUOTIKG TOV CMITION KAl OTIS TWES NG EVEPYELNS. AVTEC O PaoiKEg
MEPTTMOOES oLvyKpivoviol pe TPoPAEYES TV oLVONKGV mOL avopévovial va
Koprapyrioovv, kabag emParlovior Swwpopenkd emineda omoteAecpatikoétnroc. H
dwpopd avapeco omg 2 mpoPfréyelg opiletar g To EmMAVENTIKG AVTIKTUO TWV
EVOALAKTIKAV EVEPYEWKAV EMMESMV OTOTEAECHATIKOTITOG.

Ov mpoPAréyerg Paciloviar oe évav oplBpd dNUOYPAPIKAOV, OWKOVOUIKGOV KOl
EVEPYEWKAOV PETAPANTOV, TOV TEPEXOVV aABeE Yo OAEG TIG YPT|OELG, EVEPYELOKES
TIHEG, ELCOBMA OIKOYEVEWNKO, OWKOYEVEWKO amofepatikd, Eexiviiua VEOV OTITIKMV,
TONOG oudV (LOVOKATOKIEG, MOAVKOTOWKIES, TpoYdomTa) kot GAAa. EmmpodcOeteg
petafintés mepthopfavovv: yxpdvo Lwng TG EQOUPUOYNG, OTOTIOTIKY KOTOVOUT
QMOTELECUATIKOTHTOV, KataviAmorn povadag xou mipés  eéoptudtov. Ta
amoteléopata neptiapfavoov véa EER 1tov povidwv, evepyswoxy xatovalwoon
povadmv, apBpd povadwv mov eykabictavtol, €0vViKY) EVEPYELNKT) KOTOVOA®MOT] Kot

TWEG EEAPTNHATOV.

5.2.1. AHMOI'PA®IKEX KAI OIKONOMIKEZ ITAPAAOXEX

Mepwd amd to dnNpoypa@lkd Kot oikovopkd otoyxeia ywa mg HILA.
nopovotafovial oTovg emdpevoug mivakes. O avayvaotng propei va avotpeger o1o
gyxepido 1ov DOE yw. mepocdtepa oToLyEia.

Nowkoxkvpia MovokaTtoikieg ITolvkaroukieg Tpoyéomra
1980 80.4 53.8 227 39
1985 86.5 583 23.6 4.6
1990 93.4 63.8 24.5 5.1
1995 97.5 68.0 242 5.3
2000 101.9 71.8 24.7 5.4
2005 106.2 152 25.6 5.5
2010 110.7 78.6 26.6 5.5
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| 2030 | 130.8 | 91.6 334 | 5.8
IMivakag 5-15: [Ipofiéyerg VoIKOKVPILOY GE EKATORPVPLA.
Noikokvprd Movoxkatoikieg TToAvkatoikisg Tpoyéomra

1980 1514 852 440 222

1985 2025 1072 670 284

1990 1392 901 303 188

1995 1605 1142 230 233

2000 1645 1041 388 216

2005 1721 1063 435 223

2010 1780 1059 496 225

2030 2110 1093 775 242

ITivaxag 5-16: IIpoPréyelg vémv volkokvpLdV o€ yrlddeg.

Hextpropog ®voikd aépio Ietpéharo LPG
1980 22.44 5.71 11.16 12.37

1985 27.75 7.21 9.41 9.25

1990 23.74 5.69 7.64 8.31

1991 23.87 5.76 7.57 8.41

1992 24.62 5.87 6.86 8.52

1993 24.3 6.0 6.55 8.63

2000 23.93 5.88 7.7 9.55
2005 24.66 6.71 8.24 11.65
2010 25.67 6.92 8.71 12.99

2030 28.44 13.77 12.03 20.1

Mivoxag 5-17: Méoeg owkiakéc evepysioxéc Tipég (1990 $ /10° Btu).

Hlsxtpropdc dooikd aépro
@éppavon yOpoV 0.87 0.98
@épuavon vepod 0.9 1.01
Khpartiopdg 0.99 Mn dw@éoipo
Aldeg ypioeig 1.04 1.11

Iivaxag 5-18: Iyerikd evepyelokd kooTog avd ypion (péon olkwKy Tpm

niexrpiopov = 1.00).

5.2.2. TTIAPAAOXEX MEXZHZX AIAPKEIAYX ZQHE EEOIIAIZIMOY

O péoog 6pog e T Sdpkewr Lwng tov gomhopod and myég g United
Power Association mpokvnter 12.7 €. I'ia Tovg okomovg tng avaAvong avtig, 1 T
oTpoyyviomomnke ota 12.5 £t Kot YPNOYHLOTOMONKE WG AVTITPOCHOTEVTIKY].

5.2.3. AIIOTEAEZIMATA IIPOBOAHXZ (IIPOBAEYHX) THX BAZXIKHX

IEPIIITQEHE

Ty evomto avth mEPEXOVTOL TPoPALYE Yo TV Katavidlwon g Kabe
véag HOVAdOC, TIC VEEC ETOLEG EYKATAOTAOELS, TNV E£TNOWL OKIOKI] EVEPYELNKT|
KOTAVAA®OT KOl TNV TLT) TOV LOVASMV.

‘Etog

Mécog EER

UEC (KWh/yr)

19¥1

1.06
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1993 9.05 686
1996 9.11 672
1999 9.11 666
2030 9.3 652

IMivaxag 5-19: Mpopiéyerg Pacikng nepinTong yia T povadicia katavdimon
evEPYELNG VEQV KMPATIGTIKAV dwpaTiov.

"Etog Qpeg Aerrovpyiag / étog
1981 231
1993 254
1996 S/
1999 589
2030 641
IMivaxag 5-20: IIpoPremopevn péon eTioLa LP1]0T] KAPATIGTIKOV.
‘Etog Klpationika Kevrpika Avthieg ZuvollKda
dwopartiov KALBATIOTIKG Oeppérnrag
1981 347 2.15 0.44 6.05
1993 347 2.52 0.64 6.63
1996 4.03 2.92 0.72 7.66
1999 4.4 3.18 0.76 8.34
2030 5.51 4.42 1.18 11.11

Mivaxag 5-21: ETii616¢ eyKaTta6TdcElS (0 EKATOPPOPLE) VEOV KMPATIGTIKAOV 6TA
voikokvpra toov HITA.

‘Etocg Klpatiotika Kevrpika Avthisg Xovohlika %
dwpariov % Khlpariotika % Oeppomnrag %

1981 32 21 3 56

1993 29 35 8 72

1996 29 37 9 75

1999 29 39 9 77

2030 32 46 12 90

IMivakag 5-22: Tlocootod Karoknpuévay owktav Tov HITA mov épovv KhpatioTikd.

H owuaxn evepysoky] katavidlwon tov mpoiovtog vroloyiletar kdbe xpovo
amd To: apBpoc voikokvpudV, avaloyic VOIKOKVPLOV Tov £(00V KAROTIOTIKO, HEoT
KQTOVaA®OT HOVAdag Kol CLVIEAESTG XPYIOMG.

‘Etog Khlpatiorikd Kevrpika Avtieg ZuvoMKd
dwparion KAMPATIOTIKG Ospuotnrag
1981 0.45 0.59 0.11 1.15
1993 0.37 0.93 0.27 1.58
1996 0.37 0.98 0.29 1.64
1999 0.38 1.02 0.31 1.7
2030 0.54 1:55 0.5 2.59

IMivaxag 5-23: Owwakn evepyswokl] Katavaioon yie kapatiotikd otig HITA
(reTpaxaig exaToppvpra Btu, rpwToyeviig evépyswa).

"Etog Khlipariotika dopariov
1981 490
1993 S07
1996 507
1999 507
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| 2030 o | 519

IMivakag 5-24: Méon Tipf] véov KMpetisTik@dv dopatiov (ce 1990 $) o ta
voikoxkvpld toov HITA.

5.2.4. ANAAYIH EYAIZOHZIIAX THX BAXIKHX IIEPITITQIHE

O mepuntdoelg mov enthéydnikav yia v avdivon evarodnoiog opilovtor wg
egne:
L. Xouniérepn s eéonhopod- H T g povadag baseline kot n enoavdnmikr mipn

mov oxetileTan pe kabe eminedo andG00MG HEIDVETOL E TO EKTIHANUEVO S1oTNpA
apepardTnroac.

2. Yynidrepn tuh eComliouod: H tipn g povadag baseline kot 1 enavgntuai tiun
nov oyetiCetar pe ke eninedo amddoong avEAveTal pe TO EKTIHOUEVO S1aoTHe
apepardTnroc.

3. Xaunidrepn evepyeraiai tusp- A6 10 1992 g 10 2030, 10 K60TOG TOL NAEKTPIGHOD
givar 3% yapnAdtepo, v 10 KOOTOG TOL aepiov Kat Tov TETpeAaiov eivor 5%
YounAdTepa amd TNV TPOPAEYN IOV TAPOVOIAGTIKE VOPITEPQL.

4. Yynidrepn evepyerarsi - A0 10 1992 w¢ 0 2030, T0 K6GTOG TOV NAEKTPICNOY
givar 3% vynidtepo, evd 10 kO6OTOG TOL agpiov Kol TOL METPEAiov givar 5%
vynAdTEPE Ao TNV TPOPAEYT TOV TAPOVCIACTNKE VOPITEP.

5. Yyni# amoteleouatiétnra efomhouod- Y MOTIOETAL Guverng peAloviue Pedtioon
oty anoterecpanikdtnTa Kord 2% kabe xpovo.

6.  Meiwon emtoxiov mpoecdpinonc e ayopdg- Ynotibeton 6Tt ta market discount

rates perwvovral katd 2% kade xpovo.

H emidpaon avtdv tev 6 TEpTOCE®V OTN PECT TIUT oyOpdc Kol o péon
QOTEAECHOTIKOTNTA TOV VEOV KAMPATIOTIKOV dwpatiov mapovowdletal oTovg
gndpevovg mivakes. H mpdty ypappun kdbe mivaxa Oeiyvel ta amotehéopota Tng
TEPITTWONG Avapopdc, TOV TAPOVCIACTNKE otV Tponyovuevn evoémra. O endueveg
YPOUUEG TOPOVOLALOVV TO OTOTEAECUATO TOV MEPWMTOCEWV avaAvoNG gvaicbnoiag,
pe m oepd (1-6) Tov TAPOVOLAGTNKAV TUPATAV®.

"Etog 1981 1993 1996 1999 2030
Avagopé 490 507 507 507 519
1 450 464 475 475 479

2 530 549 549 549 561

3 490 507 507 507 518

4 490 507 516 516 519

5 490 507 541 615 1002

6 490 507 517 518 531

IMivaxag 5-25: Méon Tyt ayopds vémv KhpotioTik@dv ot 1990 §.

"Evog 1981 1993 1996 1999 2030
Avagopa 7.03 9.05 9.11 9.11 9.3
1 7.03 9.05 9.3 9.3 9.38

2 7.03 9.05 9.11 9.11 9.25

3 7.03 9.05 9.11 9.11 9.26

4 7.03 9.05 9.25 9.25 9.3

5 7.03 9.05 9.62 10.22 12.01

6 7.03 9.05 9.25 9.26 9.47

IMivaxag 5-26: Méon anoteheopatikétnta (EER) véov KhipatioTik®v.
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5.3. IIPOBAEIIOMENH EONIKH EITIAPAYH TN
ENAAAAKTIKQN EITIITEAQN AIIOTEAEEZMATIKOTHTAY TQN
KAIMATIETIKQN AGMATIOY

2y evotra avth tapovodloviat Tpofréyelg and to poviého LBNL - REM
(Lawrence Berkeley National Laboratory — Residential Energy Model), yio mowkiia
evorlaktikd evepyelaxd eninedo anoteleopanikétras. To anoteréopota €680 yia
Ka0e ypdvo givar:

o Twn eEomhiopov povadag kol Aettovpyikd £€0da.

e [IpoPlemdpevo 11610 QOPTIO TOV OIKIAKDOV EQAPUOYDV.

e Evepysuokn katavaioon.

o Awgopég oto mapandve avapesa ot Paoikn TepinT®oN Kot Kabe evaihakticd
EMINESO OMOTEAEGHATIKOTITOG,

Avta to aroteléopato vroroyilovrar yi kKGOe £T0g Ko GVOGWPEVOVTIL Y1
p tepiodo eTdv, omog 1999-2030. H amotapicvon evépyeiog voloyiletar yio kdOe
XPOVO, HE EQUPUOYN TWV EVUAAGKTIKOV EMAESOV OMOTEAECHOTIKOTIITOC OTO TEAOG
k&g xpévov. H kabapr| napovoa agio (Net present yalue, NPV) tov evelloaxtikdv
EMMESMV QTOTEAECUATIKOTTOG EKTIHATOL Yo KGO puOpopévo mpoidv kot yuw 1o
okond ¥pMomns.

211 ovvéyew, Topovadlovran Ta EVEPYEINKA emineda amoTeleoHATIKOTITAG, 1)
EVEPYELOKT] KaTavalmon kabe povadag (maimotepn kot TpdPieymn g peAlovikig)
K01 1] GLVOAKT] E0VIKT] KATAVAA®MGT], Ol ETHOLEG EYKATACTACEL;, O1 TIUEG AyOpds Kot 1)
kaBopr| mopovoa akio.

5.3.1. ENAAAAKTIKA EIIINNEAA AITIOTEAEEMATIKOTHTAZX
2oV mivakae Topovodletar 1) aviiotolyic HETEED TOV EVOALOKTIKOV EMIESOV
QAMOTEAEGHOTIKOTITAG, TV SVVOTOTHTOV oxedoopov kol tav oyxetillopévav EER.

Eninedo amoteheopatikOTITOg
1 2 3 4 5
<6KBtu/hr pe louvers 2 3 4 5 7
6-8 KBtwhr pe louvers 2 3 4 5 7
8-14 KBtwhr pe louvers 1 2 3 4 6
14-20 KBtu/hr pe louvers 1 2 3 3 8
>20 KBtu/hr us louvers 1 1 2 3 7
6-8 KBtw/hr ywpic louvers 1 1 2 2 5
8-14 KBtu/hr xmpig louvers Base 1 2 2 5
Avthia Bepp. pe BadP. emotp. pe louvers | 1 3 2 5
AvtAia Bepp. Podf. emotp. yopic louvers Base Base 1 1 4
EAGyioto EER
<6KBtuw/hr pe louvers 9.32 9.71 10.0 10.38 11.74
6-8 KBtu/hr pe louvers 9.38 9.66 9.91 10.33 11.67
8-14 KBtuwhr pue louvers 9.71 9.85 10.11 10.97 12.39
14-20 KBtu/hr pe louvers 9.7 9.98 10.15 10.15 12.77
>20 KBtw/hr pe louvers 8.39 8.39 8.51 8.88 11.14
6-8 KBtu/hr ywpig louvers 9.1 9.1 9.23 9.23 11.52
8-14 KBtwhr ywpig louvers 8.8 9.05 9.12 9.12 11.08
Avthia Bepp. pe Bakp. emorp. pe louvers 9.05 9.05 9.27 9.27 11.16
Avthio Bepp. BaAf. emotp. xopig louvers 8.72 8.72 8.86 8.86 10.87
IMivakag' 5-27: EvollokTika emineda 0moTEAEORATIKOTNTAS Yo KMPATIGTIKA
dmpatiov.
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5.3.2. KATANAAQIH ENEPI'EIAZX

Ztov EMOUEVO THVOKA TAPOVGIALOVTAL 01 HEGEG TIHEG KOTAVAAMOTG EVEPYELIG
oto mapehfov kar o1 mpoPréyers Y o péhhov, Paciopéveg oe TPOPOAEG TG THAS
Kovoipwyv tov 1995. Ztov wivaka avtd ypropomoovvial otabpiopévor pécot Gpot,
avaioya pe TNV KAGoT TOV KAHATIOTIKOD.

Eninedo amoTtelecpaTIKOTNTOS

"Etog Baon 1 2 3 4 5

1981 920

1993 686

1996 672

1999 666 636 623 611 585 504

2015 654 630 619 607 582 503

2030 652 630 618 607 583 505
Hivakag 5-28: Movadwio kotavdioon vEOv KMPOTICTIKOV (ctabmiepévog
péoog, KWh/yr).

Z1ovg emdpevovg mivakeg mapovoidloviar mpofréyelg Y TV amotapisvon
evépyslag, ava eminedo LIOTEAECUOTIKOTNTAG Yl TOVG OudQOPOVG TOTOVG

KMUOTIOTIKDV.
Eninedo anotreleocpatikdrnrag
"Etog Baon 1 ] 3 4 5
1981 0.45
1993 0.37
1996 0.37
1999 0.38 0.37 0.37 0.37 0.37 0.36
2015 0.46 0.44 0.44 0.43 041 0.31
2030 0.54 0.53 0.52 0.51 0.49 0.37
1999-2030 14.63 14.23 14.04 13.84 13.29 10.53
ZWPEVTIKT 0.39 0.59 0.79 1.34 4.1
anotapicvon
IMocooto 2.7 4.0 54 9.1 28.0
Bdong %

Mivaxag 5-29: Hiektpikn katavaloon otic HIIA tov khpatisTikdv dopatiov
(o TeTpaxig exatoppvpra Btu, mpwroyeviic).

Eninedo anoteheopatikdtnrag
‘Etog Baon 1 2 3 4 5
1981 0.11
1993 0.27
1996 0.29
1999 0.31 0.31 0.31 031 0.31 0.31
2015 0.39 0.39 0.39 0.39 0.39 041
2030 0.5 0.5 0.5 0.5 0.5 0.52
1999-2030 12.44 12.44 12.45 12.45 12.50 12.99
ZpPEVTIKY -0.01 -0.01 -0.02 -0.06 -0.55
anotapisvon
IMooootd 0.0 -0.1 -0.1 -0.5 -4.4
paong %

Mivoxag, 5-30: Hiektpiki] katavaloon otic HIIA tov avihidv Bsppétnrag (o
TETPaKIG skaToppipra Btu, mpwrtoyeviig, mepriapfaver aropikég povadeg).

Eninedo anotehespatikéTnrag

~
3]

‘Etog | Baon | 1 | 2 | 3 |
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1981 1.15 T
1993 1.58
1996 1.64
1999 1.7 1.7 1.7 1.7 1.7 1.7
2015 2.11 2.1 2.1 2.09 2.08 2.09
2030 2.59 2.58 2.57 2.56 2.55 2.56
1999-2030 67.62 67.26 67.1 66.93 66.66 66.9
ZopEVTIKT| 0.36 0.52 0.69 0.96 0.72
anotapisvon
ITocooto 0.5 0.8 1.0 1.4 1.1
péong %

Ilivaxag 5-31: Zvvolkq niektpikf kKatavdioon ong HIIA (oc terpaxig
ekatoppvpra Btu, mpwToyeviic).

5.3.3. ETHZIEZ ETKATAXTAXZEIZ

Ztov mapakdto wivako mopovoldlovial ol EYKATAoTAoEl £EORAGHOD
KMUATIoNoU, mov, Omw¢ @aivetal, smnpedloviar omd Ta evallaxtikd emimedo
amoterecpoTikéTTag. Avtd to amotélecpa eivar cvvdaptnon g oAloyng oto
Aertovpykd ££0da, oAlaynig otnv Tiu Tov ELOMAIOHOV Kol EAQOTIKOTNTOS TNG

ayopdc.
Eninedo anoteleopatikéTnrag
1999-2030 Baon 1 2 3 3 5
Khpartiotikd dopatiov 154.4 154.4 15432 | 154.1 152.2 129.21
Kevrpika kMpatiotika 118.96 | 119.07 119.2 119.27 | 120.08 | 128.86
Avticg BeppoTnTag 29.8 29.82 2983 | 29.85 | 29.98 3143
ZuvolKa 303.2 | 303.29 | 303.35 | 303.22 | 302.26 | 289.5
Aldayj and paon
Khlpatiotik@ dopariov -0.04 -0.12 -0.34 -2.24 -25.23
Kevtpika khipatiotikd 0.11 0.24 0.31 1.12 9.9
Avthieg GeppétnTag 0.02 0.03 0.05 0.18 1.63
Zuvolika 0.09 0.15 0.02 -0.94 -13.7
Hocootniaia aliayj
Khipariotika dopariov % -0.03 -0.08 -0.22 -1.45 -16.34
Kevrpikad khpatictikg % 0.09 0.16 0.26 0.94 8.32
AvtAieg OsppotnTag % 0.06 0.1 0.17 0.61 545
Zuvohik@ Y 0.03 0.05 0.01 -0.31 -4.52
Hivaxag 5-32: TOPLVTIKEG EYKOTUCTAGELS KAYHUTIOTIKDY (€ EKATOpPOPLA).
'Etog Baon 1 2 3 4 5
1981 490
1993 507
1996 507
1999 507 512 516 523 565 1002
2015 517 522 525 531 573 1002
2030 519 523 526 532 573 1002
Hivaxag 5-33: Méon Tt ayopdg yw vée khportietikd dopatiov (1990 §/
povada).

ZT0V Tpandve Tivako Tapovotdlovtal TpoPAEYELS Y10 TIC TILES 0yOPds VE@V
apatiotikdv. Ot Tipég  avédvovv  tomikd, oOtav  ovEGver 10 Emimedo
QMOTEAECUATIKOTNTOG.
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5.3.4. KAGAPH ITAPOYXZA AEIA

H xaBopn mopovoa afia (net present value, NPV) tov evallaxtikdv
eMMESOV  AMOTEAECHATIKOTITAG YW OmOdmoTE Tpoildv, vmoloyiletan TpdTO
npocdopilovrag m dwgopd oty mapovoa aic Tov kKéoToLS KuKAOL {w1i¢ (life cycle
cost, LCC) avdpeca ot Baocwr| epintoon kot kabe eminedo amoteAecpoTIKOTITAG
Yo k@dBe €vog. H Swgopd avt moddomhacudletor oTn ouLvEXEW HE TO QOPTiO
(shipment) tov emmédov amotedecpatikdémrag Yo to étoc. H NPV e v mepiodo
1999-2030 eivan t0 GBpoiopa TV ETHCIOV TILAOV TOV TPOKVTTOLV, Yot OA TO. £T1
avtd. Muw Oetikr) Tipn) tng NPV ya éva eminedo amotedeopatikétnrag mpokvntel
Otav ol VEEG Hovadeg Tov emmESOL aVTOD, £XOVV XAUNAOTEPO KOOTOG KOKAOL (MG
and TG véeg povadeg oto Pacikd oxeduotikd eninedo. H NPV dev nepilapPaver ta
OQEAT TOV PELOMUEVOL TILOAOYIOU NMAEKTPIGHOL (DPES UM GXUAC). LTOVE TopaKaT®
Tivakeg mapovoudletar n kabapt mapovoa afia yia emrdkio npoeEdpinong 4%, 7%
kot 10% yo ta idpopa eninedo. 0mOTEAEGHATIKOTNTOC.

1 2 3 4 5

Amotapicven 1.13 1.66 22 3.32 5.9
ot Kbatog
Kavoipov:

Képdog
(evépyara):

Kéotn 0.27 0.48 0.86 337 24.87
skomhiopot:

NET=képdog 0.86 1.18 1.34 -0.04 -18.97

— Kbéom
NPV

RATIO: 4.14 3.47 2.56 0.99 0.24
képdog /
KooTn

IMivaxeg 5-34: KoaBapny mepodoa afia (NPV) ve 71ovg meldreg TV
KAMpaTioTIKOV ov Ba ayopacstovv and 1999-2030 (oe dwoexatoppvpra § 1990,
nov wpoeopiovvrar pe 4% mwpaypaTikd eTTOKLO).

1 2 3 4 5

Amotapicvon 0.55 0.81 1.07 1.61 2.83
ot KéoTog
Kkaveipov:

Képdog
(evépyera):

Kéotn 0.16 0.27 048 1.87 13.75
sfomhiopoi:

NET=képdog 0.4 0.54 0.59 -0.26 -10.92

— Kbéam
NPV

RATIO: 3.56 3.0 2.22 0.86 0.21
képbog /
Kbotn

IMivokag 5-35: KaBapn mepovce afic (NPV) yw 7tovg mehdreg TOV
KAMpaTieTikOv ov Ba ayopastovv and 1999-2030 (oe dwoekaroppvpa § 1990,
mov wpocopiodvrar pe 7% mPAYRATIKO EMITOKLO).
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Amnotapicvon 03 0.43 0.57 0.85 1.49
oe KboTog
Kavoipov:

Képdog
(evépyera):

Kéotn 0.1 0.16 0.29 1.12 8.18
eEomhiopov:

NET=xépdog 0.2 0.27 0.28 -0.27 -6.69

- kot
NPV

RATIO: 3.11 2.63 1.95 0.76 0.18

Kképdog /
koot

IMivexag 5-36: KaBapn =mepovoa afia (NPV) yw tovg mehdreg tov
KAMpaTieTikov 7oy Ba ayopactovv and 1999-2030 (cc Sweekaroppvpre $ 1990,
aov npoeEoprovvron pe 10% apaypatiké emroxKio).

5.4. KOXTH KYKAOY ZQHZX KAI IIEPIOAOI AIIOIIAHPQMHY
I'lA KAIMATIEXTIKA AQMATIOY

H enidpacn 10V S1@opeTikdV emMAESOV EVEPYEWIKNG OTOTEAECUATIKOTITOS
oTovG WUbTEG KaTavaAotés mepthapfdaver allayn ota Astovpykd £Eoda (cvviBag
HEWDVOVTAL) KoL aALoyT] oV TN ayopds (cuviBog avgavetar). H kabapn emidpaon
avaldeToL PHE VIOAOYIGHO TOV KOGTOVG KOKAOL [omg, He xprion Tov dedopévav omd
TOVG UNYOVIKODG Yo EVEPYEWKY] KoTaviAmon kot kootog eEomMopod, Kot
VTOBETOVTUG TO KOGTOG TG EVEPYELNG OV TTpofAémeTar Y To 1999.

H dwpopd v ta Srapopetikd enineda anoTeAeSHATIKOTNTOG DITOAOYILETOL pLE
epappoyn pwg Pacwig npoPreyng (base case forecast). Avt n Bacwkn mpoPfreyn
Aappaver vTOYN ™ UETATOMIOT TG AYOPUS GE OMOTEAECUOTIKOTHTA KoL XPTOT], OV
mbBavoloyeitan va cvopuPei. Tote povo o1 ayopactég 6ToVG 0mMoiovg £YEL AVTIKTUTTO TO
EMMESO AMOTEAECHATIKOTNTAG TEPIAOUPAVOVTOL GTOV VTOAOYIGUO TOV AVTIKTUTOD TOL
emmESOL amoTEAECLATIKOTNTOG 0TOVG TEAdtee. To avriktumo avtd ex@pdaletor amd
Tpio pETpaL:

1. Tlepiodog amominpwpng (payback period, pgp).
2. Ay oto xéoTog kbrhov Long (change in life-cycle cost, 1,cC).
3. Kootog cvvipnong evépyewag (cost of conserved energy, CCE)-

5.4.1. KOXTOX KYKAOY ZQHZX (LCC) I'TA ZXEAIAXTIKEEX EITIAOTEZ

To LCC egivor 10 GBpoopo 1oV EYKOTECTNHEVOD KOOTOVG KOTAVOA®TYH
(installed consumer cost, yCC) kot mg mapovoag afiog TV Asrtovpyuwdv ££68wv
(operating expenses, QE) mov wposEoprodvtal yio OAn ) Sdpkewa {ong (lifetime, N)

™G EPAPHOYNG.
N
LCC=ICC+Y’ ,_OE‘\, 5-16
= \l+r)
Av 1a Aertovpykd £Eoda eivan otabepd oT0 YPOVO, ToTE M) eicwon amhonoeital:
LCC = ICC + PWF x OE 5-17
omov €yl oprotei 0 mapdyovrag mapovoag atiag (present worth factor):
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=] 1 1

i rzzl“(l+r:l' r : (1+7)" >18

O LCC vmoloyiletar ywe xabe 14En Y 00 YpoOvVie EKUETAAAELOTG, UE
gpapLoyn Tov TpoegopAntikod gmrokiov (discount rate), r.
5.4.1.1. AEAOMENA EIZOAQOY I'lA TO LCC

To eyxateonuévo k00T0G KATOVOAMTI AMOTELEITOL OO TO AAVIKO KOGTOG —
nmov Paciletal o€ £pYOOTACIOKA KOOTN KAl TO EPYOCTACLO, TN Suwivoun kol GAAovg
TAPEYOVIEG GLV T KOOTN TNG EYKATACTAOTG, Omov vadpyxovv. Ta kdot Asitovpyiog
nephapfavouy ta ££0da o evépyewr Kat ta kot cuvtipnone. H etiowa evepysioxy
katavaimon eivor 1 péon povadiaia evepysnkt| katavaiwon 6o xdpo (amd LBNL-
REM). To emjolo evepyewakd £Eodo tov meddrn eivor 1 emow evepysakn
KoaTavaioon eni v TUn Mg povadag g evépyews. H miun g evépysiog sivan m
npoPrendpevn v to 1999 péom evepyewaxn Tun yw tovg katoixovg (owd DOE/EIA
annual energy outlook 1995) eni évav mapdyovta (end-use factor) 0.99 mov nnydlet
a6 DOE/EIA 1990 residential energy consumption survey. Ta gmow Aeitovpyikd
gEoda mpoeEoprovvtar Yo T xpovid ayopds (1999) xou abpoilovron yia tn péon Lon
tov mpoiovtog (amdé LBNL-REM) v va Bpebei 1, mapovoa a&ia. [a tov owiaxd
Topén, TO TPayUoTIKO €mToklo mpoegopAnong eivar 6%. Exteheiton avdivon
gvaoOnoiag pe 2% ko 15%.

1.LCC ki i Supoariov<6000Biw/hr louvered sides) 1.LCC khaparionikoy Supoerion 6000-7999 Biw'hr(louverd
sides)
1050 s
g w0 ﬁ §1mn
E g;g 74 g-_ 900 -
o 650 = : 1 a 3 o a T F ;
3 50 +—5 5 = - = 500
o 146 89 938 966 991 1033 105 1167
83 87 932 AT 0 1038 1057 1M N 1 2 3 4 5 6 1
o 1 2 3 4 5 (] 7
EER (Btu/Whr)
FER (Btu/Whr)
—4 =LOC(19908) 2% —= =LOC(19908) 6% : = =LCC(19908) 15% ~#=LCC(19905) 2% ~—8-=LCC(19905) 6% —ar=LCC(19905) 15%
3.LCC klaparianixod Soparion 6000-7999 Biwhr (xopis 4.LCC xlapeniorikod dopariov 8000-13999 Biw/hr(louvered
louvered sides) sides)
1550 1350 {— —A—
w 1350 g 1250
2 s = a0 =3
g oo ¥
2 7m0 3 8 — ———
550 750 = - -
246 91 921 965 10,72 1152 g3z o7l 98 1041 1097 1115 1239
0 1 2 3 4 5 0 1 2 3 4 5 6
EER (Btw/Whr) . FER (Btu/Whr)
e =LOC(19908) 2%~ =LCC(19905) 6% i ~LOC(19908) 15% == LOC(19908) 2% = =LCC(19905) 6% =i =LOC(19908) 15%
5.LCC shpamorikod Soparion 8000-13999Biu/hr(yopis 6.LCC wdporiomiket Swperiov 14000-19999Btw/hr (louvered
louvered sides sides) =
_ 1800 B 1800 5
2 100 A 2
& & 1600
o 1400 o
Ty -~ 1400
&o1200
: g,
= 1000 = 1200
800 1000
B e 905 512 94 1049 11.08 9 97 998 1015 1074 1109 118 115 1277
! 2 3 4 5 0 1 2 3 4 5 6 7 8
EERHeu/Whr) : _ ~ EER Bw/Whr)
et = LCC( 19905) 2%+~ = LCC(19908) 6% == = LOC(19908) ls% —@- = LOC(19908) 2% + =8 =LCC(19908) 6% —de =LCC(19908) IS',_{’_
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5.4.1.2.ATIOTEAEZMATA LCC

7.LCC sy 0 Separion fhr (louvered 8.LCC wupurietiked dwpariov reverse cycle (louvered sides)
2500 sides) f 1750 -
z\ ot - EE— -
= 2000 y s ’ g = 1350 4 =
9 1m = §
3 a0 -W’H-
1400 550
82 B39 BS5l 888 942 984 1003 1L14 892 9.05 927 983 1005 1116
0 I 2 3 4 5 6 7 0 I 2 3 4 5
EFR (Biw/'Whr) = EFR (Btw'Whr) o
=4 =LOC(19908) 2% + = = LOC(19905) 6% = =LOC(19908) 15% | - =LOC(19908) 2% 1 =8 =LOC(19908) 6% + we = LOC(19508) 15% !
9.LCC whpanotiked Swporiov reverse cycle (louvered sides )
2150 f
& 1930 £y E - 5_3. K- - m -
£ % mpa 5-3: Koot kdxhov {onjg Yo
% v —— duapopa peyidn KMpPATIOTIKOV KoL
L] - -
% — SlogopeTikic oxedlacTikés emboyés.
= am % ©E U Xpovog Lonjg 12.5 ypévia kar kGoTOG
0 1 2 A ‘ niextpkov 0.0735 $/KWh.
EER (Btw/Whr)
| =4 =LCC(19%03) 2% —=- =LCC(19908) 6% — =LOC(19908) 15% |

Zto Swypappato kou Tovg 7ivokeg @aivovtar oo LCC yw Sudgopeg
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oxedoTIKEG EMAOYES.
Eminedo |A/A| Zxedaomiki EER Awviki] | Koéotog | Eykateor. Emoaoo Emjola Emowo | Koom xikiou
Amotede- EnAoyN (Btu/Whr) | miun ($) |eykataot.| Koorog ($) KOOTOg | Katavdlwaom | evepy. Cong
GUQTIKOT. %) Katavadot) |ovviipnong| niektp.  [EEodo (3) (19908)
($,@6%) (KWh)
2% | 6% | 15%
0 Baowkr 8.23 372 0 372 0 379 28 677 | 612 | 525
I | O+evioyupéva 8.7 373 0 373 i} 358 26 661 | 600 | 518
TTEPUYIL
evollaKTav
1 2 1+PSC 9.32 378 0 378 0 334 25 647 | 589 | 513
KivnTipag
QVENIOTHPE
2 3 2+avdot 9.71 383 0 383 0 321 24 641 | 586 | 512
eviddaxtiv
pe
QUATKDOELG
3 4 3+ 10 390 0 390 0 312 23 641 | 587 | 516
UROYUKTIG
4 5 4+aiEnon 10.38 440 0 440 0 300 22 682 | 630 | 562
EMQAvVEIDg
onEipag
evaddaxtiyv
6 | St+brushless 10.57 560 0 560 0 295 22 798 | 747 | 680
D.C.
KkvnTipa
avepoTpa
5 7 6+ 11.74 796 0 796 0 265 20 1010 964 | 904
OUNTIECTIG
TOALATAGOV
TOYLTITOV
MMivaxag 5-37: Zroyeia ywr to 1° Sraypoppa Tov epjporos.
Eninedo |A/A| Zxebuwotikny | Awvik | Kdotog | Eykateot. Emow Emoia Emoo
Amotehe- endorm eykaraot.| Kdorog ($) kbotog | katavihwon | Evepy.
GUATIKOT, wn (8)|  (5) katavedwt |cuvmpnang| miextp.  |'EEodo (3)
(8,@6%) (KWh)
0 Baoiki 404 0 404 0 47] 35
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T | Ovevicyopéva | 405 0 405 0 453 33
MTEPUYIA

svollaKtov
1 2 I+PSC 410 0 410 0 425 31
KL TTpag
avepotipa
2 3| 2+ vnoybkmg | 417 0 417 0 412 30

3 4 3+aviot 425 0 425 0 402 30
EvalhaKTOV UE
TUAAKDOEL
4 5 4+gvénan 478 0 478 0 386 28
EMIPAVEIRS
oneipag
evalhaktav
[ 5+brushless 599 0 599 0 379 28
D.C.
Kwhripa
QVENG TP
5 7 | 6+cupmeotig | 830 0 830 0 341 25
ToAAanhGv

TAXUTITOV

Hivaxag 5-38: Zrorgsia ywx To 2° Siaypappa Tov eynparoc,

Eminsdo |A/A|  Iysdootikn Eyxareotr. |Emijow
Amnotehe- emthom Kéorog (§) | evepy.
OuaTIKOT. xaravahot | EEodo
6]
0 Baaown 447 28
1,2 1 O~+avEnom EER 452 27
GUURIECT OE
10.76 :
v =-37.
34 2 [+umoyiktng 456 27 IIi a!mg 5-39 0
Zroyeia yia 10 3
3 | 2+brushless D.C. 599 26 -
cmeios oaypappa Tov
AVENIOTIPG oY HaTOG.
4 J+ouumeatig 873 23
mollamhav
TOYUTI TV
5 5 4+ciEnom 1345 22
EMQPAVEIRS
onEipag
EVEALOKTOV
Eminedo |A/A| Exedwomikn Eykateor. |Emnow
Amotehe- endhoyn Kéotog (3) | evepy.
GUaTIKOT. xaravahorti | 'EEodo
(%)
0 Bogikn 495 51
1 1 O+avénon EER 506 49
GUPMIECTY] OE
10.82
2 2 1+vmoyiKTIG 510 48
3 3 2+avhol 518 47 " '
evakAaKTiv pe Iivaxog 5-40: Xroyeio yia
auhaKGGElS 70 4° Suaypappa Tov
3 3 3+avEnon 577 43 ’YP HE
EMPAVEITG CYNHAETOC.
OTEIpag
EVOALAKTOV
5 | 4+brushless D.C. 697 43
P Knmpa
' QVENSTRHPT
5 6 S+oupmeotng 929 38
oAV
T UTT@V
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Eminedo | A/A Zyed1aoTiKT Eykateor. |Emowo
AmoTtehe- EMAOY Kootog ($) | evepy.
opankot. xatavaio) | 'Eodo

(%)
1 0 Booikn 558 43
2 1 O+umoyvkmg 562 47
34 2 | I+avEnon EER 569 46
CUUTIEOTT] OF
11.09
3 | 2+brushless D.C. 714 45
Kivipa
QVElOTIpQ
4 3+ovpumeotrg 992 40
nodhamhibv
TAYVT TV
5 5 4+avénon 1470 38
EMPaVEIG
omeipug
evallakTdv

Eninedo |A/A| Zyediaoniky Eyxateotr. |Emoio
Amotehe- enthoyn Kootog (3) | evepy.
OUATIKOT. xaravaiot | ‘EEobo

(%)
0 Baowkh 613 78 |
] T | Otavénon EER 632 73
GUNTIESTT] GE
10.78
2 2 1+avioi 640 70
CUUMVKVOTY PE
avhaxdoELg
34 3 2+umoyuKmg 648 69
4 3+avénen 812 65
EMp. onEIPUg
EVAALOKTOV
5 | 4+abEnon EER 870 63
cvpmeot) ot 11.3
6 | 5+avgnom EER 897 63
cvpmeot) oe 11.4
7 | 6+brushless D.C. 1039 6l
Kwnmipa
avepoTipa
5 8 T+ouumeotg 1295 55
modhanhiv
TAYUTHTOV

Eninedo | A/JA| ZIyedaomiki Eykateot. |Emjowo
Amotehe- emloyn Kéorog (3) | evepy.
OUATIKOT. xaravadom |'EEodo

(3)
0 Baaoixn 859 116
1.2 1| O+adEnon EER 871 113
GUUTMIECTY] GE
10.89
3 2 1+vmoyixtng 880 112
4 3 2+avgnon EER 960 107
cuumegt ot 11.5
4 3+avgnon 1071 101
EMLQ. OTMEIpag
EVOALOKTOV
5 | 4+avEnon EER 1112 97
copmegt oe 11.7
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IMivaxag 5-41:
Zroysia yw o 5°
duaypappa Tov

oxMparoc.

ITivaxag 5-42: Zroysia
Y1a 70 6° idypappa Tov

GXMHaTOG,

Mivakag 5-43: Trovysia
e 7o 7° Sidypappa Tov

-

oxfpaTos,
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6 | 5+brushless D.C. 1291 95
Kwntipa
avepo TP
5 7 | 6+oupmeotic 1653 35
rollariibv
TUYLTITOV
Eninedo | AJA Lyed1aoTikn Eyxateor. |Emjowo
Amnotehe- Entoyn Kéorog ($) | evepy.
OHATIKOT. karavokoti | ‘EEobo
(%)
0 Baown 690 55 IMivaxag 5-44: Zroycia
T2 [ T | Oromoyorog %95 54 Y 70 8° Siaypappa
34 2| 1+uoknon EER 708 53 TOV G)1paToC,.
GUUTIECSTT) OE
10.82
3 2+avEnon 788 50
EM1Y. OMEIpag
EVOAAOKTAV
4 | 3+brushless D.C. 952 49
KwvrTipa
avepiotipa
3 5 | 4+oupmeotig 1270 a4
ToAALTAGV
Ta LTtV
Enmineso |A/A| Zyedeotikn Eyxuteot. | Emow
Amnoteke- Enloyn Kéotog ($) | evepy.
OPaTIKOT. karavehoti | ‘EEodo
(8)
0 Baowkn 704 51
1,2 1 | Otevioxupéva 707 50
neEpiye Hivakag 5-45: Zroyeia
CUUTVKVATT 0 -
34 2 | T+brushless D.C. 884 48 Y T0 9° raypappa Tov
Kwntpa i
Bl GANHATOC.
3 2+CUUMEGTHG 1225 44
rolhanhodv
TUYLTITOV
5 rl I+avEnon 1736 al
EMQ. oncipag
EVIALaKTOV

5.4.2. IIEPIOAOI AIIOIIAHPQMHX KATA ENEPTEIAKO EIIINEAO
AIIOAOZHZ

H nepiodog anoninpwpng (PBP, payback period) givat o anapaitntog ypoévog
YW TV OTOKATAoTAoT (CMOMANPOUN) TNG EMTALOV EMEVOLONG TOV WEAATH Yw
aVENUEVT ATOTEAEGUATIKOTNTA, LECH TOV XAUNAOTEPOV KOGTOUG Aetovpyiag. H PBP
vroloyiletan anod tnv e&icwon:

PAY

APC+ Y AOC, =0 5-19
t=1

1 xpovo amominpopfic PAY. T'evikd, o xpovog amominpouns PAY Bpioketoan pe
mapepforn) petad tov 2 yxpévav 6tav 1 popen g mapoanave eficwong aridalet
npoonUo. Av 10 Agrtovpykd kOotog eivan otabepd, N eEicwon £xel TV akolovdn

amhn Adomn:
pAy = 2APC 520
AOC
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Ap@punuiké, n PBP eivar n avoroyio g avénong omv Tuf ayopds (kat
gykatdotaong) and 1o Pacikd eninedo Aertovpyiag ota embupuntd enineda amddoong
®g mpog TN upeiwon oto eTow Aerrovpyikd €£oda  (meprhapfavopévng g
cvvtipnong). H PBP ekgpaletar oe émn. Mia PBP tpudv ypdvov vrodnidver 6m 1
avEnpévn T ayopdg eivol woddvapn pe 1o Tpwhacio g aing TV pelopévov
AE1TOVPYIKAOV £E6OMV, MOV EMTVYXAVOVTIAL OTO. XPOVIRL TNG GYOpds, 1 6TL 1] avénpévn
T Ktiong omomAnpdvetar o 3 mepimov xpoévia, eartiog peiwpévoy kOGTOVG
Aertovpyiag. M PBP peyalidtepn amd 1o ypdvo Cmng Tov mpoidvrog onpaivel 6t
avEnpévn Tiun ayopdg dev amomAnpdveTtal amd o pewmpéva Aertovpyikd £€oda.
5.4.2.1.AEAOMENA EIZOAQOY PBP

Ta dedopéva gic6dov eivar T idio Omwg oy evomnta tov life cycle cost,
LCC, ext6g T0ov 0T yiveran pio emmifov mpoPAeyn TG KATAVOUTS TOV GYESIACTIKMV
emioydv ot Pacikn nepintwon and o LBNL-REM. Mévo o1 oyedaotikég emAoyég
mov amokAieiovian amd to eminedo amotelecpaTikOTTOG TEPAAUPAvovTaL GTOV
vroloyiopd tov avrtiktomov. INa tovg meEAdteg TV omoiwv 1 emthoyh TG Pacikig
nepintwong eCareipeton and ta eminedo anddoong, yivetor n vddeon 6T ayopalovv
m oxedoTIK] €mMAOY WOV avTICTOWEL otV gAdyiot  ovpfifacTikétTa
(ovppdpewon) pe to exinedo amddoomng.

5.42.2. ATIOTEAEZMATA PBP

O1 PBP kot eminedo anddoong mov mopovsidloviol 6Tovg ETOUEVONE TIVAKES
(emidextikd Yoo TV koTyopic kdtmw tev 6000 Btu/hr, pe louvered sides) eivoun ot
octafpiopévol pécol. Zuykpivovv v avoloyic Tng mpoPAETOUEVNG KATAVOUNG TWV
OYESOTIKOV EMAOYOV 0T Paciki TEPITT®OT, TOV EIVOL AYOTEPO OTOTELEGUUTIKES
amd OTL TO €mMmEd0 AMOTEAECUATIKOTNTAG OTO OYESWOUO GTO GUYKEKPLUEVO
vynAotepo  emimedo. Iyedwopoi upe  evepyewaky) KATovaAmon oTo  Eminedo
amoTeAecpaTIKOTNTOG 1 K4t omd avtd, dev emmpedlovian amd TO Eminedo
QMOTEAEOLATIKOTNTAS KAl €EQPOVVTAL G0 TOV VIOAOYIOUO TOV avTIKTLTOV, Yo TO
Ady0 avT0o.

Xtovg mivakeg mov Ba axkohovbcovv mapovcldleTol 0 VIOAOYIOHOS TMV
dwapopdv LCC, amorAnpwpiig ker CCE. O mivakeg amoteAovvtat omd didpopa pépn.
To mpdTo pépog mapovcidler oe mepiinyn To €YKATECTNUEVO KOGTOG KATAVAAMTY,
TNV €TI0 KATOVAA®GT MAEKTPIKOL kai 10 Agrrovpyikd €€odo, to LCC ywo 6%
gMTOKIO, KOL TNV KATAVOUT Tov povadev mov 6o movAnBodv to 1999, pe Baon v
npoPreyn PBacumg nepinTmonc.

1o devtepo pEPOG yivetar M oTAOMON OTO TG KATAVOUES TN TeAgvtaing
OTAANG TOL TPATOV PEPOVG OTIg TINES KGOe mpomyoduevng OTNANG, HE OKOTO TOV
vroroylopd otabuopévev pécov Tiumv. Toviletar 611 pdvo avtég o1 kaTavopés Tov
TPOTOV HEPOVG, OV Eival HEYRADTEPES TOV EMTESOD QMOTEAECUATIKOTI|TAG OV LOG
EVOILQEPEL YPNOLULOTOOVVTOL Y10 TOV DIOAOYICUO TOV CTAOMCUEVOV PECOV TIHDV
0V devTEPOL TUNpaTOG. o mapdderypa, yio TOV DIOAOYICUO TOV EYKATEGTHEVOV
KOOTOVG KOTAVOAMTY] OTO JEVTEPO WEPOG TOV TivaKa, Yot TO OMOi0 CULYKPIVETAL TO
gninedo oamoteheopaticdtnTag 1, ¥PNOLULOTOWOVVIOL HOVO TR EYKATECTNHEVE KOOTN
amd toug oyedaotikovg apibpovg 0 (baseline) ko 1 tov mpdTOL TUAHATOS TOV
mivaka. Ov katavopég tov 70.9% ko 9.6% v oyedootikodg apiBpotg 0 ko 1
avtiotoya, TPMOTO KAVOVIKOTOOUVTOL Kol HETE moAlamiacialovtal pe To avTioTowd
ToVg eykatesTNpéva koot tov $372.03 ko $372.64. IlpocOitovtag ta otabpicpéva
EYKATECTNHEVE KOGTY Y10t TOVG OYedacTIKong ap1Buovg 0 kot 1 pali, To anotéheopa
givon 10 gykoteoTuévo kootog Tov $372.10 yia to eminedo amoteleopatikdémrog |
070 deVTEPO PUEPOG TOV TiVOKA.

147

Institutional Repository - Library & Information Centre - University of Thessaly
23/04/2024 21:53:10 EEST - 3.14.13.79
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Télog, oo Tpito PEPOG TOV TiVOKE TAPOVGIALOVTAL 01 TPOKVTTOVGES S10POPES
LCC, PBP, CCE. Zto 1tpito pépog, oo PBP mov mapovordloviar Pociloviar oe
dedopéva evepyeakng kotavaroong and 1o DOE (U.S. Department Of Energy) xat
TEAEVTOIEG LETPTOELS GTO XDPO.

5.4.3. METABOAEX XTA KOXTH KYKAOY ZQHX (LCC) AOIQ
ENEPI'EIAKQN EIIIIEAQN ATIOAOXHZ

To avriktono tev ematdnv anotelecpoatikéTnTag VIOAOYIlETOL M Srapopd
oto LCC, mg Poaocwkig mepintwong peiov ng MEPITTOONG TOV GLYKEKPLUEVOD
emnédov amotelecpatikoOmTag. Av mn dwgopd oto LCC eivar Oetikt], 1o eninedo
amotelecpanikéTtog mopéyel kabopr peiwon ota EEoda tov ayopactd. Avtd
onuaivet, 6T 1 mapovoa afio Tov Aettovpyicdv 63wV avtioTadpiler v avEnpévn
T kTrong. Aviiotpo@wg, apvntiky T dweopds LCC, npokaiel kabapn avénon
TV E00WV TOV TEAGTT.
5.4.3.1.AEAOMENA EIZOAOY I'lA METABOAEZ XTA LCC

Ta dedopéva e106d0v givar ta ido dnwg oy akpBdg Tponyoduevn evomta,
pe mv wpoPreyn and LBNL-REM ot Poaocwkn mepintwon. Moévo o oyediootikég
emAoYEg OV amokAeiovtal amd To eminedo amoteAecpaTKITNTAC TEPAApPdvovTal
oTOV VTOAOYIoNO 1OV avrtiktumov. Ie tovg meAdteg TV omoiwv 1 emioy TNG
Baowng mepintwong eEaieipetar and o emineda anddoong, yiverar n vadbeon oL
ayopalovy n oxedloTiK| EMA0YN OV avTioTorKel oV EAdyoTn cvuPiBacTikOTnTa
(ovppdpewon) pe to eninedo anddoong.

5.4.4. AIIOTEAEEZMATA I'IA METABOAEZX XTO LCC

2tovg id1ovg mivakeg (mov akoiovBoiv) mapovoidloviar ot Swapopéc oto LCC
Katd eminedo amotedecponikomras. Koi edd, ydpwv cvvropiog Ba mapovowotel 1
KAGon kato tov 6000 Btwhr. Ta amoteiéopata eivar ol ctabuiopévol pécot twv
dpopdv LCC. Zvykpivovv v averoyio Tng 7poPAEROHEVNG KOTOVOURG TMV
oxedaoTik@V emAoydv ot Bacikn nePinTmON, TOv £ival AyOTEPO OMOTEAECHOTIKES
amd OTL TO EMMESO OMOTEAECHOTIKOTNTAS OTO OYEOWOHO OTO OCUYKEKPLUEVO
vynAotepo  eminedo. Iyedwopol UE EVEPYELNKY KOTAVOAMON O©TO0 Eminedo
amoTEAECUOTIKOTNTAG 1M KAT® amd avtd, Oev emnpealovial amd 710 Emimedo
QMOTEAECUOTIKOTNTAG KOl £E01POUVTAL GO TOV DTOAOYICHO TOV OVTIIKTUTOV, Yl TO
Aoyo av16. Avta ta LCC vmoroyilovron yw emrtokio 6%. e vynidtepo emrtdkio
(15%) , maipvoope pikpn dwe@opomoinon. Ievikd, yw OAeg TG KAGOEC TV
KAMUOTIOTIK®V, To eninedo amoteiecpatikomrag 1-3 divovv Betikég dunpopég LCC.
To eninedo 4 divel og 4 (amd TG 5) KAdoew apvntikéc drapopéc LCC ko to eninedo 5
diver apvnuikég dwpopéc LCC oe Oheg Tig KAAOE TV KALATIOTIKMY.

54.5. KOXTOX XYNTHPHIHX ENEPTEIAX (CCE, COST OF
CONSERVED ENERGY) AOI'? ENEPI'EIAKQN EIIIIIEAQN AIIOAOXHX

To CCE eival 1 av&non omnv Tiwr| ayopdg mov anocPéveton katd T Sidpkela
Cong g epappoyng (pe o emtoKlo mPoeEOPANONG) Ko dopeital pe v emiow
EVEPYELNKT] OTOTALIEVOT).
g o SEXATE oy

. AE

6mov o mopdyoviag aviktnong kepoiaiov (CRF, capital recovery factor)
xpnowlonoteital yio va amoddcel oe etnow Paon ta k60T Keparaiov. Av kot to
CCE petpatan ot cents/KWh, dev efaptdtor omd ONUEPVEG T HeEANOVTIKES
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evepyelakég TIREG. O KATOVOAOTG EMMPEAEITONL OTOV TO KOOTOG TG OTOTAULEVHEVTIC
evépyelag eivor pikpdTepo and v afia g EVEPYEINS Y10t LTV TNV XPTIoTN.
5.4.5.1.AEAOMENA EIZOAOY I'TA TO CCE

Ta dedopéva e166d0v eivar ta 1610 OTwG oV aKPPDOS TPOTYODUEVT EVOTITCA,
pe mv npdPreyn amé LBNL-REM ot Bacikn wepintmon. Mévo or oyedotikég
emAoyég mov amokieiovial amd 10 eminedo omotedecpatikdéTnTog TEPAAUBAVOVTAL
oTOV VTOAOYIOUO Tov avtiktomov. Ia tovg meldreg TV omoiwv M emioyn NG
Baowng mepintwong egateipeton amd ta eminedo anddoong, yiveton N vdheon 6T
ayopafovv n oyedlactikn emhoyn mov aviictoel oty eldyiom cvpfiBactikdTTa
(cvppdpewon) pe to eninedo amddoong.
5.4.5.2.ATIOTEAEEMATA I'lA TO CCE

Ztovg id10vg mivakes (mov akorlovBovv) mapovoidlovral ov CCE xatd eninedo
anotedeopoticotnrag. Kot £dd, ydpv cvvropiag Ba mapovoiaotel n khdon kdtm tmv
6000 Btu/hr xou v 6000 — 7999 Btu/hr. H mpofiendpevn vy to 1998 péon mipn
NAEKTPIKOD Yo o1KloKT] xp1ion sivor 7.94 cents/KWh 11 23.27 $/106Btu.

Ta eninedo amotedeopanicotrag pe CCE pikpodtepo and ta npoPrendpeva
Koo TpopnBelag evépyerag meplhappavouv:
["a 6Aeg Tig KAdoels: smineda amoteAeopaTikoOTnTog 1-3.
8000-13999 Btuw/hr ywpic side louvers: eninedo anoterecpotikdmmrog 4.
14000-19999 Btu/hr pe side louvers: eninedo amoteleopotikdmrag 4.
Avtictpoog xbxhog pe side louvers: eninedo anotehecpatikdtnTos 4.
AvtioTpopog kukAog xwpic side louvers: eninedo amoteleopaticommrog 4.

To enineda anoteheopatnicotnrag pe CCE peyorvtepa amd to mpoPrendueva

K60 TpopunBewng evépyelog meprhapupavouv:
o 6heg Tig KAGoE1G: eminedo omoTELECHATIKOTNTOS 5.

L ]
e Mikpotepo amd 6000 Btwhr pe side louvers: eninedo anotedecpotikémros 4.
o 6000-7999 Btu/hr pue side louvers: eninedo omotedespatikétnTog 4.
e 0000-7999 Btu/hr ywpig side louvers: eninedo amoteAecpatikdTnTog 4.
o 8000-13999 Btu/hr pe side louvers: eminedo amotelecpanikoTnrag 4.
e Meyalitepo and 20000 Btu/hr pe side louvers: exinedo amotehecpatikdémrag 4.
Eninedo Lyedwaar. Eykateotnpuévo Enijow Eniowo LCC Katavopj
QNOTELES emhom) kdoTog NAEKTPIKI AErTOULPYIKG (1990%) 1999
patikbéTyT KaTavaioTg karavihoen kbatog (1990%)
ag (19908) (KWh/§rog)
0 372.03 37851 2782 611.89 70.9%
| 372.64 358.31 26.34 b I 9.6%
| 2 377.57 33443 24.58 3895 9.0%
Z 3 382.55 320.9 23.59 585.9 6.2%
3 4 389.51 311.69 2291 587.02 2.7%
4 5 440.24 300.19 22,06 630.47 1.6%
6 560.46 294 85 21.67 7473 0.0%
5 U 796.18 265.36 19.5 964.34 0.0%

Hivakag 5-46-a: Koot (19908) kar evepyerakt] katavdroon (670 VYKEKPLPEVO
1OPo) Y1 Khpatietikd dopatiov pukpotepa tov 6000 Btu/hr, pe louvered sides.

g [ 1 | 2 | 3 | 4 | 5

RoTEMSOHATIRGT
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Kegdalato 5: Owkovopiki] Avaivon — U.S. Dep. Of Energy (DOE)

amoteleopatikdt
nrag

Eyxateompévo
kdorog
KaravahwT
(19908)

372.10

372.65

313.242

373.74

374.83

Emowo
Alemovpyikd
kdarog (19908)

27.64

27.34

27.09

26.98

26.90

LCC r=6%
(19903)

610.44

608.34

606.89

606.34

606./4

Evepyewaxn
katavilwaon
(KWh/étoc)

376.11

371.93

368.63

367.07

365.97

Iivaxag 5-46-f: Zrabpuopéveg péosg TipéG TOV povadwv mov movrdnkav kit
ané TO EMIMEDE OMOTELEGHUTIKOTNTUS Y0 KAMRATIOTIKG dopoatiov pikpétepa
tv 6000 Btu/hr, pe louvered sides.

Enrincdo
axorm::umcér 1 2 3 4 5
nrag
Awagopa LCC 20.94 22.44 19.87 -24.12 -357.60
Amominpopi — 1.8 2.6 3.9 13.5 57.0
field (¢mn)
Arominpopt — 1.3 1.9 2.8 9.6 40.5
Yrapyov teot
(£n)
CCE 1.5 2.2 3.3 11.5 48.6
(cents/KWh)

IMivoxag 5-46-y: Awgopd oto LCC (19908), PBP, CCE yw xlpatiotikd
dopatiov pikpotepa Towv 6000 Btu/hr, pe louvered sides.

Enincdo Lyediaot. Eykateomnpévo Etioia Etioo LCC Karavopi
anotclieo emboyi k6aTOg NAEKTPIKT laitovpyikd (19908) 1999
pankéTnT KaTavahoTi KaTtaviiwaen kborog (19908)
ag (19908) (KWh/£tog)
0 403.82 471.06 34.62 702.33 48.5%
1 405.25 452.75 33.28 692.15 14.8%
| 2 410.13 42489 31.23 679.38 23.5%
2 3 416.89 412.31 30.30 678.17 11.2%
3 4 474,73 402.03 29.53 679.50 0.7%
4 5 477.78 385.68 28.35 122.19 0.4%
6 598.82 379.26 27.88 839.15 0.9%
5 7 830.48 341.33 25.09 1046.78 0.0%

Mivakag 5-47-a: Kooty (19908) kor evepysloki] ketavdioon (0T0 6vYKEKPLPEVO
1OPo) Y10 KApaTieTikd dopatiov 6000 - 7999 Btu/hr, pe louvered sides.

Enrinedo

AnMOTEAECUATIKOT

4
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nrag

E‘fmt:crmus'vo 40415 405.77 407.04 407.18 40911

KOOTO

mtuvalt?m']
(19908)

Emoto 3431 33.47 33.11 33.09 33.02
AeLTOVPYIKO

k6otoc (19908)

LCC r=6% 699.94 694.38 692.52 692.43 693.80
(19908)

Evepyewaxn 466.77 45544 450.50 450.14 449.26
Katavaimon
(KWh/£tog)

Hivakag 5-47-B: Zrabpiopéves péceg TIPEG TOV POVAd@V OV movAOnkay KaT®
amé To EMiTEdU ATMOTEAEGCUATIKOTNTOS VIO KApaTIoTIKG dopatiov 6000 - 7999
Btu/hr, pe louvered sides.

Enined
mmuupu:mé-r 1 2 3 4 3
nrag
Awagop LCC 20.57 16.21 13.03 -29.76 -352.98
Amominpopi - 1.9 3.5 5.0 14.9 53.1
field (£tn)
Amominpopr — 1.4 2.5 3.5 10.6 37.7
Yrmapyov reot
(£xm)
CCE 1.7 3.0 4.2 12.7 45.3
(cents/K'Wh)

Hivaxkag 5-47-y: Awgopd oto LCC (1990%), PBP, CCE 7y xkhpotietikd
dopatiov 6000 - 7999 Btu/hr, pe louvered sides.

5.4.6. ANAAYZH EYAIZOHZIAZ

INa to arotedéopata Tov k6oTOVG KVKAOV Long Yo Tig HITA, éyve éleyyog
goanoBnoiog pe mokileg EQAPUOYES YO TIG EVEPYEIOKES TIUEG KO TIG TIUEG TMV
gEapmudtov. Ta aroteléopota avtig g avdivong mpémel va cvykptovv e To
TPOTO 0T mvakwy yw 10 LCC.

Xopniég kot vyniég TpEG evépyetag opilovrat mg ot EAAYIGTEG KOt Ot UEYIOTEG
avtiotowye evepyswakég Tuég kdPe molteiag. O mpég evépyswg tov 1992 (g
TOMTELNG), Ot KOVTWVEG ot péom efvikn, ypnowomombnkay yio v TpoPfreyn tov
Tudv Tov 1998 amd to Annual Energy Outlook 1995.

Xopniéc ko vymiéc mpég egaptnuitov opilovior g amdékhon g
QMOTEAECLOTIKOTNTOS TPOG TO. KAT® Kol To wive avtiotowae. H afefardmra ommy
T g baseline givar mocooTO TG OMKNG TWNG, evd 1 afefardTnto oty TR
AoV oyedaopdy eQappoletar oy EXADENCT G TIUTG GVTOY TOV CXESIACHOD.

Tivovton o1 Topakdto aveldoelg evaicbnoiag (cevapra):
XopunAég TIHEG EVEPYELNG.
Yynifg tipég eEaptnudtv.
Xapnhéc Tipée evépyelog Kot VYNALG TIHEG eGapubToy.
Yyniéc Tipég evépyerag,.

LY b
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5. Xouniéc tipéc eEapmmudtav.
6. YymAéc TipEG EVEPYELOG Kl YOUNALG TIHEG EEAPTNUATMV.

YPAPMUO. KoL TOV Tivako pe To okdAovba:
o Ipaomuo mg vynidtepnc ko yapunAidtepng evaicbnoiog LCC ka1 n mepintmon
avopopac.
o [Mivaxog Tov LCC yu 6keg Tig avarvoes. O mivakag eniong amekovilel yia wow
nepintwon mg avalvong kabe oxedrootiky emhoyr éxel To ehdyoto LCC.

Ta amotedéopata ¢ avaivorng gvarcbnoiog cvvoyiloviol 010 TopaKdTo

Ztov emduevo Tivako (Kol To Sdypoppe) mopovctdlovial e omoTEAEGLOTO.

v Khapotiotikd pikpotepa tov 6000 Btwhr. O ehdyioteg tipée tov LCC yu kdfe
OEVAPL0 CTUELDVOVTAL TTLO £VTOVA..

| Eminedo | Ap. Mepintmo | Zevapro | Zevapio | Zevapio 3 | Zevapro 4 | Zevaplo | Zevapro 6 | Num
amotehe | oxed n 1(8) 2(3) (%) (%) 5(8) () her
ouaTiké | aong | avapopdg of
mrag ®) times
as
Lce
0 611.89 51291 63049 531.52 74977  593.29 731.17
1 599.7 506,01 618.41 52472  730.23 58099 711.17
1 2 589.5 502.05 60846 [ 521.01 711.33 570.54 692.37 1
2 3 585.9 | 501 .99T605.4 521.49 702.8 566.4 683.3 4
3 4 587.02 505.52 607.26 525.76 | 700.57 | 566.79 | 680.34 2
4 5 63047 55197 65873 58024 739.82 6022 71155
6 747.3 670.21 805.85  728.76 85471 68875 796.16
5 7 964.34 89495 1083.32 1013.93 1061.01 845.35 942.02

[Mivakag 5-48: Avoidoels svacneios yio KApatisTikd dopatiov pikpoétepa
an6 6000 Btu/hr pe louvered sides.

1.Avé@won cvarsBnoiag yia LCC khapatictikod
Swpariov<6000Btw/hr (louvered sides)

~ 1250

2

S 1050 | — —— -

(-

& 65 = %
o 650 ——.i‘ o —

8.23 8.7 932 971 10 1038 1057 1174
0 1 2 3 4 5 6 7

_._LCC(ISBO$) % +Xaunlﬁ EvepyEIDNKT T |

— = YymA1| evepyean Tipm

IZyfqpa 5-4: Avaiveeg evasnoiag LCC yie khpatiotika dopatiov pikpotepo
an6 6000:Btu/hr pe louvered sides.
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Kegdalawo 6: Teyvikoowkovopikt avaivon g avriiag Beppbémmrag oe suvbiikes Béppavong

KE®AAAIO 6

TEXNIKOOIKONOMIKH ANAAYXH THX
ANTAIAYX OEPMOTHTAX XE XYNOHKEZX
OEPMANXHX

Z10 mponyodpevo kepdhaio £yve i Pifloypagixy avackonnom, mov Seiyver
mPog Ta Wov Kwveitar debvdg n Epevva, omv mpoomdbewr va Pekniwbei
AMOTEAECUATIKOTNTA TOV avTM@v Oeppudmrac aépoc-aépog. 10 onueio avtd, Ko
TPV MOPOVOIACTOVV MO AERTOMEPT] CGMOTEAECMATE, KpiveTar oxompn 1
AVOKEQUAQIMOT TOV KUPLOTEPMV KUl O XPTCIUMOV ONUEIOV TOV KEQaAiov 5.

6.1. ANAKE®DPAAAIQXH TQN KYPIQN OIKONOMIKOTEXNIKQN
ZTOIXEIQN

L& Ip®TO 0TGO10 TPEMEL va YiVEL AVaQCPE OTIC SVUVATOTNTES TOV VAAPYXOLV Yo
™ Pektimon ¢ amotelecpankdémTag TG aviAlag Oeppomrag. Avtég eivan
OPIOUEVEC OYESAOTIKES EMAOYES, TOV APOVCIALOVTAL GTT) CUVEYELX.

Belrioon pe avinon me emeaveiog
evailayng Tov aépa
1. ADENOT HETOMIKNG OMELPAS QEPQ
o Avénom Babovg oneipag (tpoodikm
GEIPOV AVADY)

3. AvEnon moxvomTag TTepuyinv

4, [TpocBrikn vroyvk o1 ONEipQL
CUUTVKVOTY

Bektioon pe avinon Tov ouvtedeotdv
peradoong Oeppotnrag

. BeATI®ON G(E0GUOV TTEPVYIMOV

6. Bektimon oxediaopod avidv

i3 Yekao oG CUUTVKVAOROTOG OTY] OTEIPQL
CUUTVKVOTY

8. BeAtioon avepiompa Kal potop
AVEHIOTI P

9. Bektimon anoteleopanikOTnTOg

CUUTIESTY

10. Zopmestig TOAATADY TAYVTHTOV

il B Evallaxtikd yoktikd

12. Hlextpovikég ParPideg extovmong '

59 Ocppootatika opyava EAEYYOV

[Mivakag 6-1: Zyedwotikég emhoyés yia 11 fehtioon ¢ amoTEALORATIKOTITOS
pioc avriiag Oeppotnrac.

Trov mivaka avtd mapovcialovtal 2 Pacikol TpomOL pE TOVG OmOioVE pmOpsEl
va yiver mapépfaon yia m Pektivon mg anoteisopanikomrac. O mpdTog TPOMOG
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Kegdhaio 6: Texvikoowkovopkii ava@ivon g avrhiag Oeppbémnrag oe cuvOijkes Oéppavong

givar 1 avgnon mg empavelog evarlrayng Beppdtnrag kol o devtepog Tpdmog givon 1)
avEnom TV cVVIEAECTOV peTddooNg BeppoTnTac.

Extéc oamd Tig moapombve 2 pebddovg, mov agopovv eméufacm otov
e€aToTpa Kol T0 CUUTVKVOTY, DVIAPYOVV KOl O1 YEVIKOTEPES TEPINTOCELS 8-13, oV
apopovv emépufacn oe GAha tufuate ™G avihiag Beppdmrag. Avtd sivon o
QVEMIOTAPOS, 0 ovumeots, N PorPida ektévoong, 10 YukTiké PELOTO Kor O
aVTOROTOG EAEYXOC TNG diepyaciog LeTapopds BeppoTTas.

Opawg, méoo gkt givar 1 vAomoinen tev mapandve oxedaotikdv emAoydv,
TL TPOCPEPOVY Kail OO0 €fvar 10 ‘mEVAATL, mOVL TPEMEL Vo TPEmeL va TANpwdel og ke
nepintoon; ITod mpémel va oTpo@el 10 EVOWPEPOV OTN CUYKEKPHEVY] TEPINTOOT;
[Mow eivar Ta onpeia wov ypiovv Pektioong ot ocvykekpuévn aviiio BeppdTnrac,
nov eivan gyxateotnuévn oto gpyaotipo Puowkdv & Xnukdv Agpyacibv tov
[avemotpiov Osooariog; Mirwg o mapdyoviog kéoTovg KaboTd omeyopevTiKég
opwopévec Pehnidoelg;

®a yivel pa Tpoomabela vo anavtnBovv, pe 660 mo oo TpoTO yiveTar, Oheg
ol mapomdve kpioweg epomoeic. Kat’ apydg, 6cov agopd ™V TeEXVOLOYIKN
EQIKTOTNTA TV CYESACTIKOV EMAOYDOV KL TN CUVELCPOPA TOvG o1 Pektioon g
anmotelecpaTikOTTaG, Bo TapateBolv amOYeEl PEYGA®V KOTAOKELAOTMOV OVIMAOV
Bepudmrog, dmwg kataypdenkav omyv €pgvva tov DOE, mov mapovouiletar oto
Ke@@Aaio 5 g epyaciag avThc.

Mpdrov: Y TV addnon g upetomkhg emepdvelng g oneipag. O
Kataokevaotég emfBefaidvony OTL 1 HETOTIKY EMPAvEW TG oneipag oTa mhaico
(xpota) TV VIAPYOVTIOV KAMUATICTIKGOV £ival TOGO HEYAAT, TOL Y10 0L GTHOVTIKN
avEnomn ™G anddocmng Tov CVCTNHATOG amatTeital avEnoT Tov peyéboug Tov Kifwtiov.
Epocov 10 gmowEntikd kdotog yui tnv avénon tov peyéBoug tov mhouciov eivon
QPKETA ONUOVTIKO, Ol KATAOKELAOTEG cuvifwg avalntovv dAlovg TpOmOVG Yo 11
BeAtiowon NG AMOTEAECUOTIKOTITAG TOV GUCTIHATOG TPV owonEpaBovv va avERcovv
M HETOTIKN em@dveln g oneipag. Ov Katackevaotés, eniong, exepalovv Tnv
avnovyic TOVG Y10t TOV AVTIKTUTO QUTHG TNG AAaYNG OTNV IKOVOTNTA TNG HOVASaC va
TOPEXEL ETOPKN apUOypavo).

Agbrepovs YW TV 7mpocHikn  oepdv  ovAdv. Ov  KATOOKEVOOTEG
emPePordvouv 6T kdbe TAaiclo KAMpoTIoTIKOD Eival oYedaopévo Y10 KATOW0 HEYIOTO
Baboc eEatpomipa Kkor cvpmukvet. Katakoépveeg oepéc avAidv pmopoldv vo
npootebodv péxpr to péyoto Babog, ahhd vrdpyel 6plo otov apBud Twv oEPOY IOV
umopotv va Tpootebovv péxpL 10 onueio mov Bo mpémer va avénbei To péyebog Tov
mionciov. H avénon tov peyéboug tov mhansiov £xel onpoviikd KOGTOG Kol LITOpEl va
KaTooTel amayopevTikd otV TPootnkm oepdv avidv. Extdc and avtd, vadpyovv
Ko {nrpate Bapovg, AIANP®ONG WUKTIKOU Kol HEl®moNg amoTeEAECUATIKOTITOS TTOV
npénel v AneBovv vroymn. Or KaTackevaotég dSNAdVOLY OTL VILAPYEL EVR TPOKTIKO
6pro oto Pdbog tov KApoaTioTiKO OV oYETilETon pe Papoc, ELPAvion Kol avioxm
omv gykoatdotaon. O1 kataokevaotés emiong empPefardvovv 6Tt kdbe Swdoykn
oepd otn oneipa givar povo 70% amoTEAECHATIKY) OE GYECT] UE TNV TPONYOVHEVN
oepd. H mpoobikn pog oespdc oe po oneipo mov ®dn mepiéyer 3 N 4 oepéc,
mboavotato Do €xel pikpn eMIOPAOT OTNV GTOTEAECHATIKOTITO TOV CUGTIHATOG.

Tpitovs Y& TV avdnon g mvkvomrag tov wtepvyiov. H addnon mg
TOKVOTNTOG TTEPVYIWOTG, COHPOVO HE TOVG KATAOKEVAOTEG, EXEL KATOW Op1o, AOy®
™G emdpaong 6TV 1oyd TOV AVEHICTIPE, OTNV GTOXETEVCT] TOV VEPOU KOl GTNV
emkddnon axabopoidv. Mpogavde, N PeEATIOTOTOINGN TE TVKVOTHTOG TTEPLYIMOTNG
npémel va Aapfdver vmoyn Oho ta emoxdrovbo amoteléopota, OOTE VO IV
gmpPapdvel 10 oo
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Kepdhaio 6: Teyvikooikovopiki) avaiven g avriiag Oeppétnrag oe ovvijkeg Oéppavong

Téraprov: YW TV TpocBiKr| vioy ik o oieipa v cvpvkveT. Ot
Tomkoi vroyvkTeg (subcoolers) TpootiBeviatl avapesa oy ££080 TOV GLUTLKVOT
Kol v €i0080 Tov TPYLoedoic cwAnva Kat gufantifoviar KOVId 6T0 GLUTVKVOTH,
0TO OULUTOKVOUO 7OV 7apdyetor and tov eEatmotipa. To amotédeopa g
pocHNKNG vroyvkty eivor 1 avEnon tov peyéBovg g OTMEIPOUC TOV CUUTLKVAOTH,
KaOdG 0 YuKTIKd OV EEEPYETAUL OO TO CLUAVKVATH cvveyilel va yoyetar. Adym Tng
dvokoAiog va evoopatwbel €vog vmoyvKING OT0 KAHOTIOTIKG, Ot 710 moAloi
KATAOKEVOOTEG EMYEPOVY TpDTA GAAEG peBOIOVG aDENONG AMOTEAEOUATIKOTITOG.
[lpéner va diepevvnBel mocog Sabéoripog ybpog vmapyer o©to whaicwo TOV
KAapanoTicod kor av efvar apketdg yio v poctikm vroyidkrn. Av o drbéoyuog
x®dpog dev eivan apketdg, to mhaicro mpéner va peyoddoer. To kdéoTog mpoobnkmg
VIOYDKTY UIOPEL VO Eival OTIHOVTUCO, OV OTTULTEITON HEYAAMUA TOV TAOIGIOV.

Méparovs Y@ T Bertioon oto oxedacud twv atepuyiov. Or felndoeig 6to
oyedwacpd TV TTEpPLYiV £XOVV MG OMOTEAESHA TNV avOENOTN TOV CUVIEAECTN
petédoong Oeppdmrag and v TAEVPG TOL aépa. AvTO ExEl WG OMOTEAECUA TN
Bektimon tng olig wavomrog uperddoong Oeppdtnrag tng oneipag. IToAloi
KOTAOKEVAGTES YPTOILOTO0VY KGToo £id0g Evioyuong Twv ntepvyiny 610 oYESACUO
¢ onelpag tovg. AvTO EmMTLYYAVETOL HE YpNON AYNUOTIOHOV TTEPLYiV UE
avkakdoelg 1 kvpotdoeg 1 louvered. Kébe koataokevaomic €xer avamtiter éva
povadikd oyxgdio wrepuyionv, dote va emrdyel v embountn Beltioon oty petddoon
Beppomrag. AQov Ta oxEda TV TTEPLYIV Eivar povaducd Kot SpopeTIKE Yo kdls
KOTAOKEVOOTY, Eival SUVCKOAO va TOGOTUCOTOMOOVV, OE YEVIKEG YPAUUES, Ot amdAVTES
gmdpdoelg amd p cvykekpiuévn Bedtimon oto mrepiyro. ‘Evag tpémog chykpiong
givar 1 ypnomn tov mapdyovia evioyvong, EF. H iy 1ov EF mpoocopudler 1o
ovvteheoTy| petddoong Beppommrag and v mhevpd tov aépa. Av o EF eivon povada,
avamoptotd o oneipa pe exineda (flat) mrepdyra xou de yivetor kapd tpocappoyn
oto cvvteheotn petddoong Beppomras. Kabe tipun peyardtepn g povadag deiyver
om kdmow BeAtioon £xel AaPer ybpa ota wrepvya. Mo mapdderyua, av o EF sivan 2,
0 ovvtekeoTig HeTddoong BeppdmTag amd v TAgvpd Tov aépa Oa eivar Srhdorog.

"Extoys YW ™ Pektimon oto oyedwoud twv avidv. H PeAtimon oto
ouvvtereoT] peTGdOONG BeppdTag amd TNV TAEVPE TOV YUKTIKOD EMITUYXAVETAL PE
avénon mg Aeiog ECMTEPIKNG EMPAVEAG TOV CVADV Le EAMKOEWT avAdkia. AvToi ot
avkoi ovyvd avapépoviar g avAiakmrtoi (rifled, grooved). Amotedéouata
gpyaotnpaxng épevvag deiyvouv 0Tt 0 cvvteheomg petadoong Beppomtag amd v
TAEVPA TOV YUKTIKOD Y10 CVA0VG AUTOD TOL TOTOV eival ONUAVTIKE PEYOADTEPOS AT
6T 1o Tovg cvpuPatikovg Aeiovg aviove. Onwg Kat yra to wTeplhyw, £ToL KAt Y1t TOUG
aVAODG, Ol KUTAOKEVOOTEG EYOovV avamtyEEL MOANOVG TOTOVG AVAUKMGE®V YL Vo
Bekniboovv tn petddoon Oeppdmroag om oneipa. H Pektioon oto ovvieheotn
petddoong Bepudtnrog and v TAEVPE TOV YukTIKOD Elval GUVEPTNOT TOV TAGTOVG,
TOD VYOV KOl TOV SGKeEVOD T®V avAakdoemy, Kaddg Kl TG CLYKEVIPMOTS TOL
Mzavtikod ov kukhogopei pali pe to YokTiko.

"EBdopov, Y10 TOV YEKOGHO CUUTVKVAOROTOG OTN OTELPA TOV CLUTVKVEOTH. To
cupTOKVeOua oV oxnuatileTar mive ot oneipa tov egatpotipa kot otalel amd
avt], ovAAéystan ot pio Aekdvn (pan). H Aexdvn tomoBeteitar kovid o©To
CUUTVKVAOTN Kol HEAIGTA KATM O TOV QVEHIOTIPA TOV cupmvkvet). O aveponipag
TOD GUUTVKVOTH Eival epodracpévog pe Eva avaptnuévo daytvAidt (slinger ring). To
daytudidt Tomobeteitan ot piTH TOL TTEPLYIOL Kot fvan wavd vo cVAAEYEL Kot va
yekaler ‘pkpéc pAlec CLUTVKVOUATOG OTN Oneipa Tov GLURVKVOTH, KUODG
TEPIOTPEPETAL O OVERIOTIPAG. AVTOG O WYekaopdg PelTidvel T0 GUVIEAEOTH
petadoorg Beppotnrag and v mhevph Tov afpa. AvT eivar TG0 KOV TPOKTIKY,
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Kegahaio 6: Teyvikooikovopki) avéluven g avriiag Beppotrug oe cuvbijkes Oéppaveng

7OV T MEPLOCOTEPQ, OV OYL OAA TG KAILATIOTIKG, TNV EVOMUOTOVOUV 181 GTO
oxedopd TOVG.

Oydoo, T T Pedtioon tov avepotipov kot tov Kwvnripa tovg. To
cvompe mapoyc aépa oT0 KMpAToTikO mepthapPdvel évo potopdkt mov Sivel
Kivnon 6 dV0 AVEUICTIPES, TOV EEATUIOTIPA KOl TOV CUUTVKVOTH. O aveLIoTHPAS
Tov e&atpioTipa eivar cuvnbwg Evag mEPLCTPOPIKOS puanTipag (centrifugal forward
curved fan). O aveoTpag TOV CVUAVKVOTY eival TOTOV EMKA, PE TPOSKOAALEVO
daytvhidt (slinger ring). H mocotikonoinon twv PeAtidoewv amotedecpotikdrag
Yo 0 cvomnua mapoyns aépa mepropiletar oty avdivon tov BelTiboswmv oTo
potopdkt povo. Ot KATOCKEVASTEG SNAMVOVY OTL 01 AVEICTIPESG TOVG TPOEPYOVTOL
amd Tov 1310 KATOOKEVOOTH AVEUICTPMV, UE OMOTEAECHO TNV TUTOTOINGY TOUG.
E&aitiag tov yeyovotog avtov, eival eEolpeTikd dVOKOLO Y100 TOVG KOTOOKEDAGTEG
KAMPATICTIKOV Ve EPAPUOCOVY TPOCMMIKEG OYENACTIKEG PEATIDCELS Y10 va avEfGOVV
TNV OMOTEAECUATIKOTNTA TV ovepotipwv. Opwg, 1 orotelecpoTikOTTE TOL
ovotuatog aépa urnopei va Pedtiwbel pe peiwon tav tepopiopdv ot pot| Tov aépa.
Xwpig va KAVOLV TPOTOMOMICEL; OTOVG EVOAMAKTEG, Ol KATACKEVAOTES dateivovian
ot Pehtidoelg ot por| Tov aépa UTOpovV vo emitevyBolv, omhd pe Snprovpyia
MEPLOGOTEPOV YDPOV PESH 0T0 TANiG10. AvTo emPdiderl To peydhmpo ToV TAaciov,
nov, Omwg emmbnke vopitepa, kootiler onpavtikd. Emiong, ov katookevaoté
KAMpatioTik@v woyvpifoviatl 0Tt pévo pikpég PEATIOGES GTNV VITAPXOVEa TEXVOLOYia
TV KvnTipov aveplotipev eivar dvvatés. Ot mo moAlOl  KOTOOKELOOTEC
KAMpaTioTik@v €xovv petafel and ta potép tomov shaded pole, mov ftav youning
QMOTEAECLOTIKOTNTAG, OTO HOTOP VYNANG OTOTEAECHOTIKOTNTOS TUMOL permanent
split capacitor (PSC). Avtd To MOTOPAKIK, ®C TPOG TNV OTOTEAECUOATIKOTN IO,
Bpiokovtar oto €vpog 50% - 70%. To emduevo onuaviikdé GApo omv
AMOTELECHATIKOTNTA EMTVYXAVETOL PE YpNion HOTOp HE OLAAEKTN (electronically
commutated motor, ECM), mov givat yvootd arlide, wg avoteidmta potdép povipov
poyvitn (brushless permanent magnet motor, BPM). Avaloya pe to péyeBog tov
kwvnipa, o ECM éyovv anoteleopatikotnra and 70-80%. Eneidn] ta ECM Cuyilovv
nepimov 10 dwmhdowo amd éva PSC, pmopei vo amartnBolv dopikég ohhayég oTo
TAQic10 TOV KMPATIGTIKOV, Yo va yivel dextd To mapamavicio Pdpog. Kat ta shaded
pole kot To. PSC mapdyovtal o€ peydheg mocOTITESG, YEYOVOS OV T0. KOO1OTE OYETIKA
QTNVA Y10 TOVG KATACKELAOTEG KAMPaTIoTIKAY. Av kat Ta ECM mapdyovtor amd touvg
TEPLOCOTEPOVG KOTUOKEVUOTEG LOTOP, Elvar akoun mo akpid oty mapaymyn ard o
PSC. EmmAéov, o1 mOGOTNTEG TAPAYWYNG TOVG Eival akdun moAd yapmiés. Avtod
KOTOANYEL 6€ KOO (Y10 TOVG KATACKEVAOTES) OV £ivan 2.5-5 popég peyarvtepa and
ta PSC.

‘Evato> Y@ T Pektioon g amotelecpanikotrag 1ov ovpmeoti. Ot mo
TOMOL  KOTROKEVAOTEG  KAUOTIOTIKOV — EVOMUOTOVOLV  OTIS  HOVASES  TOLG
TEPLOTPOPIKOVG OVUMIESTEG. O PEYIOTEG OMOTEAECHOTIKOTNTEG TWV GCNUEPLVAV
ovpumieot@v mowkilovy and 10.7 oe 11.1 EER. Av kat o1 mo moAloi KoTAOKEVUOTEG
TEPIOTPOPIKAOV CLUTIECTOV Tpocdokovv eEeMiEelg mov Ba Tovg PEpovv oe Béon va
KaTaoKeLaLovv copumeotég e amotelecpatikotnta 11.1 pe 11.3 EER, dnhdvovv 6Tt
owTO omartel TV avamTTuén HoTOp VYNANG ATOTEAESHATIKOTNTOG, TN XPNOT VAKOV
avoOTEPTS KAGAONG GTO UNYAVICHO TOV WEPIGTPOPIKOL CUUMECTN Kal VEEG peBOdOUG
Tapaywyng kot €E0MAMOUOY Twv cvpmestdv. o tovg Adyovg avtolg, povo ot
TEPIOTPOPIKOL CUUTIESTEG, LEYPL TP, BEWPOVVTOL GTHV ayopd WG EMAOYEG Yo TN
Beldtioont TG  OMOTEAEOHATIKOTNTOG TOV KAMUOTIOTIKAV. Ymapyouv Koar Ot
adpavelakoi ocvpmectéc. Av Kol Ot adpavewakoi OULUMIESTEG  Eivar  TWOAD
QMOTEAEGATIKOL, Eival onpavtikd Bapitepot, peyaldtepor kar mo BopuPddelg and

156

Institutional Repository - Library & Information Centre - University of Thessaly
23/04/2024 21:53:10 EEST - 3.14.13.79



Kegdiaio 6: Texvikoowkovopiki avaivon Tng avriiag Beppotnrag oe ouvbijkeg Béppavong

TOVG TEPLOTPOPLKOVG CVUMESTEG TTOV XPTCLHOTOLOVVTAL TTPOS TO TAPOV OE EQUPHOYES
Kmpaniotik@v. Ov xatookevaotég tovilovv 6Ty va @hofevnBei 10 avénpévo
peyedog xar Bapog TV adpavelaKOV CUUTIECTAOV, OTATOVVTOL HEYOADTEPQ TAGIGLOL.

Aékartovs YW TOVG OUUMECTEG TOAAmMAGV Tayvtitev. Oi CUMMESTEG
TOMATADV TAXDTNTOV avarTOXONKaY O avaykn Yt T0 KOADTEPO TaiplOGHO TOV
optiov ot éva dwpdTo N €va ktipo. Amd to va vdpyel povo on — off control, 7
avéopeioon g YUKTIKNG KavOTTOG UAOPEl Voo emTOYEL KAADTEPQ TO emBuunTod
@optio. H ovykexpipévn pébodog éxer moAAd mAeovekThpote, OTOG MO Tovym
Aertovpyla oe yapnkég taydTnteg, koAVTEpEG OLVONKEG dveong (svein) yor
HELDVOVTOL 01 peydAeg dakvpdvoelg ot Beppokpacio Tov dopatiov kot exoylakd,
BeAniwpévn evepyelaxt) anoteleopatikomra. O EAeyy0g TOV CLUMESTOV TOAATAGDY
TOXVTNTOV ETMTUYXAVETAL PE XPTIOT MAEKTPOVIKG pLBUCOpEVOY 0dNYAOV TaLTATMOV
(ASD) otov xvntmipa. Ta ASD mov BasiCoviar o€ tevoloyia [INVERTER &ivar to
MO KOWG CLOTHHATH Y Kvntipeg evolloooduevov pevpatoc. To peyodidtepo
TAEOVEKTIHO. OQUTAOV TV GLOTNHATOV eivol 1 omobikevon evépyewag e EmoyLaKN
Baom. Amo E£pevveg €xel MPOKLWEL OTL Y10 KEVIPIKG OCVLOTHHOTE KAPATIGHOD MHE
TETOLOVG GUUTIEGTES, 1) amoBnkevon evépyelog Kupaivetor and 15-40%.

Evdékaros YO TN Xpnon kdmowv dAlov, evarraktikod, yoktkol. To
YOKTIKO oL ypnoipomomidnke frav 1o R-22 (HCFC-22). Opwg, encdn 10 R-22
KATaoTPEPEL T0 aTpdpa Tov 6Lovtog (ODP, ozone depletion potential) xon copfdider
o10 Qowopevo tov HBeppoknmiov, n EPA (environmental protection agency) §ygt
amoyopevoEL TNV mapoyyn Kot xprion tov and nig 1 Iavovapiov 2020. I'a m xprion
EVOALOKTIKOV WUKTIKOV Tpémel va Anebei vmoyn 1660 1o GWP (global warming
potential) 660 ka1 1 OTOTEAECHATIKOTNTA. AV KATOW EVOAMOKTIKG £XEl YOUNAOTEPO
GWP, dev eivon oiyovpa mpotiuntéo. Avtd ovpPaivel ywati, av &yl yapnidtepn
amoTteAecpHaTIKOTN T, O0dnyel otV TmapdAAnAn xpnon ovpPotikdv  pebOdwV
Béppavong, dote va kadveOovv o1 avdykes. Me tov Tpomo avtd Opwe, evisivetol TO
nepailoviikd mpofinua kot de cvppikvaverar. Emiong, ta evelloktikd ywoknikd
TPENEL VO TATPOVV KAl OPICHEVESG aKOun Tpodmobéserg. Na unv eivar To&ikd, vo punv
glvon gvQAexTa, va eivol ynuikdg otabepd xar adpavi. H épevva axopn dev éxel
kataAnger oe xatdAAnio oavrikataotdr) Tov R-22, yw v zmapovoa  @don
TOVAAYLOTOV.

A@dékaros T I nAektpovikég ParPideg extovaoong. O tpuyoeidiic cwAivog
glvar 1 ovokevt] €AEyyov TG pofig, TNV OTOia YPNOLLOTOHY TPOG TO TAPOV To.
TEPIGCOTEPR KAUATIOTIKG. Zyeddletar ywr vo mopéyxel to PEATioTe. EVEPYELNKA
XOPUKTNPIOTIKA Ot €va Guykekpiévo onpeio oxeduwaopov. Av Swotacioloyndei
owoTd, propel avtopata va anolnpudver o Tig SWKVHAVEELS TOV QOPTIOL KOl TOL
CUCTHHATOS KOl Vo TOPEXEL OMOJEKTH amOd0oom Y €va HEYOAO £0POC CLVONKOV
Aertovpyioc. H Beppootatikn Porfida extovmong (TXV) eivar pia GAAn ocvokevn
EAEYYOV TNG PONG, OV XPT|CLHLOTOIEITOL GUYVE CE KEVIPIKA GUOTNHHATA KAUATIGHOD.
Pubpiler m pon Tov vypoy YUKTIKOD OV ECEPYETAL OTOV EEATHIOTHP AVAAOYQ HE
™mv VIEPOHEPROVOT TOL YUKTIKOD 7Tov eykatoleinel tov efotiotipa. Avtég ol
cVoKeVEG mpooapuolovion Kadvtepa o aAlayég oTig cuvOnKeg Asttovpyiag, OTw®G
dwkvpdvoelg ot péon  Oeppoxpacio, wov emnpedlovvy T Beppoxpacio
ovopmokvoons. ¢ amotéhecpo,  emnpedlovv Bemkd v emoyoKm
amoteAeopanikdmTa tov ovotipotros. H mAextpovikiy BoAdBida extovoong eivon
nopopowa pe v TXV, pévo mov €xel xal T0 TPOTEPMUA Vo EAEYYETAL UE YPNOM
YNOKOY 1) NAEKTPOVIKOV KUKAOMATOV. Mropovv, nwg kar o TXV, va ghéyyovv
™ PO Tov YuKTiKoD otov eatotipa pe Paon v vrepBéppavorn. H épevva éxet
Seikel 6 M evowpdtoon tov NiekTpovikav BarPidov os KhpatioTikd pe inverter
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Kegparowo 6: Texvikooikovopiki) avaiven g avrhiag 8eppémnrog o cuvlijxeg BEppaveng

Bektidver v emoywkn) amoteleopatTikdTnTo MEPA AmO OTL pE Xpron ovpfaTikdv
BaiBidwv TXV. To kvpo mpotépnua TV Niektpovikdv PaAfidov extovmong eival
OTL AVEAVOLY TNV OTOTELECUOTIKOTN T GE ETOYLKY Bdon.

Aékato Tpito, YW T BeppoctaTikd Gpyova ehéyyov. O tmheyxeplopevol
(remote) kvkAucoi Beppoctatikoi eleykTég TapakolovBovv kaidtepa Tn Beppokpacio
00 dwpotiov Omd TOVG GNUEPWVOVS EVOOMATOMEVOVG Beppootdtec. Epevvdtar 1
xpfion ekeyktdv fuzzy logic yw e@oappoyés kMpotiotikdv dmpatiov. Avtoi ot
gheyktés mpoo@épovv koAvtepn evegio, kupiwg av ovvdvootovv pe kodvtepo
cvotipata dravopng aépa. To képdog eivan oe emoyakt) Baon.

Iéc0 KooTilovv avtéc o peratpomsc; |10 OPOUEVEG a6 aVTEG VRGPYOLV
oTOLYELD, TO OTTOi0 TAPOVGLALOVTOL GTT) GUVEXELD.

Avtikeipevo Kataokevaetiko kéotog (19943)
AvEnpévn moKvoTNTO TTEPVYIOV 0.2/ m3 mpoctibEpevon VAIKOD
AvEnpévn mokvotnTa avVA®V 1.45/ 1n* mpooTIBEREVOL VALKOD QVAOD —
0.2/ in3 mpoaTiBépevon vAkoD TTEPLYiOD
AvAol pe aVAAK®GCELG 0.48 e&tpa/ lineal foot
Evioyvpéva nrepiya 0.2 e€tpa/ 1n? TpooTIBEUEVOD VAKOD
TTEPLYIOV
Yoy KTEG 378" DIA avho0=$1.07+30.043*unog
(in)
5/16"" DIA avhov=5$1.07+%0.037*prkog
(in)

" DIA avhov=81.07+$0.027* prjkog
(in)

AvEnpévo néyebog mAoicion <6000 Btu/hr: 283
6000-7999 Btu/hr: 308
8000-13999 Btu/hr: 35%

14000-19999 Btw/hr: 100$

>20000 Btu/hr: 60%

Tomog cvpmiesT] Kot YN KataokevasTiko kootog (19943)
Ieprotpoeikdc (AHAM) $/0.1 EER
avEnon=$0.42+$0.06* (Kbtu/hr)
Adpavelakdc-tolvdpoukog (Bristol) Ivmog H26B(11.2-1T.3 EER)=$20-330 |
Tomog H27B(11.4-11.6 EER)=$30-$40
Tomog H27A(11.7-12.0 EER)=$40-$50
Hyopoévoon=$13

Scroll (AHAM) $36-$41 neprocotepo amd Tovg
TEPLGTPOPIKOVG
IToAramAdv Tayvtntov (AHAM) 40% mepLocOTEPO ATO TOVG OTAOVG
CUUTIECTES

IMivakag 6-2: Evdésiktikd k66T peTaTpondv 6TIic avriics Oeppétnyrac.

Enedn elvar mpoktikd advvato vo OiepevvnBovv Oleg o1 Tapamdve
duvatdtnTeg oto MAaicw avtig ¢ epyaciag, Ba mpénel va 1ebel Evag mepropiopdg
kat va ovalnmbodv or mo mpocodopdpes Pektuboec. Omwg @dvnke and mg
TPOGOUOLDOELS TTOV EKTEAECTNKAV OTO VWOAOYOTIKO povtédo (kai oyoldletal oTo
kepdhato 4), o mopdyovrag mov emdExeTor Pedtidoswv eivar o aépag. Avtd mov
a&iler va diepevvnlei, eivar | eviatikomoinen g petddoong Beppotrag amd v
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Kegdaharo 6: Texvikoowkovopkny avaiven g avrhiag Osppétnrag ot cuvbijkeg Oéppaveng

TAELPG TOL Gépa, EiTe pe ovENoM ™G em@avelag TG oneipag, eite pe Peitivon TV
CLVTEAESTOV pETGdOooNG Beppotrag amd v mhevpd tov aépa. o cuykekpéva,
VTG OV pIopovV va eeTacTodV £ival 1) avENom TG PETOMIKNG EMPAVELRG TOV AEPQ,
1 0BENCT TV GEIPAOV CLADY, 1 aDENCT] TG TUKVOTNTAG TV TTEPLYIV Kat 1 avénom
mg 1oybog Twv avepompav. Oleg o1 vIoLoweg GXEdNOTIKEG EMAOYES Eival dHoKOAO
Vo TOCOTIKOTON B0V e Ta VITAPYOVTA HECA.

To yeyovdg 611 o1 peyakitepeg 0modOCEL; EVIOTIOTNKAV Yiot TV TMEPIATOOT|
™G odEnong G 1oX00G TV AVEUICTIP@V, GTPEPEL TO EVOIAPEPOV TPOG TG EKEL.
Zovenag Ba diepevvnBei vt ) TepinTwo.

6.2. ANAAYXH I'IA METABOAH THY I1XXYOYXY TQN.
ANEMIXTHPQN

Kat’ apyag 6a mapovowotei n pebodoroyio ™g £pevvag KoL 6Tn GUVEXELD TA
amoteAéopato mov mpokvmrovv. IIpémer va onpewwbei fva onpovtikd TEYVIKS
xapaxtnponikd. O avepompag g e€wtepikng povadog (tov efatpompa) naipvet
Kiviion amd TOV KWVNTHPO 7OV KIVEL KOL TO CULUTIECT), EVA O OVEUISTAPAS TNG
E0MOTEPIKNG HOVASAG (TOV GLUTVKVOT) KIVEITAL 0T £va MIKPOTEPO KIviTipa. ZTnv
avaivon mov axoAiovbei, aAralel pOVO 0 KIVITNPOG TOV KIVEL TOV QVEMOTAPA TNG
E0MTEPIKNG Hovadag kat avtikabictatal and peyorvtepo. O KivTipag Tov Kivel Tov
AVEUOTHPA TG EEMTEPIKTG LOVASOG KOl TOV GLUTIESTH gival TOAATAGDY TOYLTHTOV
KoL pmopei vo S0vAEWEL OE MO WYNAEC OTPOPEC, MOTE Vo KOAVWEL peyadidtepeg
AmoUTNOELS amd TOV AVEHIOTNPO TG eE@TEPIKNGg Hovadac. Apa dev vadpyel Adyog va
avukataotadel awd peyahdtepo poviEro.

To x60TOg AMOKTNONG EVOG OYXLPOTEPOV KIVITIPR Yo EVOV OVELIGTIPA,
voAoyileTal amd o eumelpikn ox€on, Adyw EAdelyng mepiocdtepwy otoeimv. H
ocvoyétion eival n eéng:

0.6

6-1

Purchase cost = baseline cost x [
baseline /

To x6o10g baseline, cOpE®va pe Pikp Epgvve. ayopds mov deEqydn, xopaivetar omd
20000 dpy. wg 40000 dpy, mepimov. Entléybnke i péon tiun 30000 dpy, yia toug
VTOAOYIGUOVG,.

To Aertovpyikd k6oTOC VEOLOYilETON PE TNV akdiovdn dadikacia. H a&ovikt
1oy0g divetot amd v akoAovdn e€icwon:

OAP
P= 6-2

n

omov Q(.) N polixn mapoyn Tov pevotov, AP 1 ntdon mieong KAt n 0 CLVIEAEGTNG
amddoong. Emiong, ioydovv ot mapokdte avaroyieg:

o2

u'~Q
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Kegalaro 6: Teyvikootkovoprki] avalvan g avriiag Oeppommrag o auvbikeg Oéppavang

p( 0 6-6

n.' Fiile in
]

= baseline

Ko eival F’m con SAIW, P evap—’}'OW e Baon o oToLEiR TOV KOTAGKEVAOTH.

e npato Babud, n avélvon yivetar katookevdloviag o Sdypappa 1oydog
aveplompwyv — Beppdmra mpog ddbeon. H khion tov dwypdppatog avtod, diver to
COP*, agov 10 COP eivar to mnhiko g Beppdmrag mpog dudbeon mpog 10 £pyo.
YroAoyilovtag v Khion ota onpeia Tov doypdppatog, yivetar ovykpion pe o COP
OV TPOKVTTEL OO TNV WPOCOHOIWOT, YWt TG CVLYKEKPIMEVEG ocuvOfkes. Av 1o
COP*>COQOP, téte ovugépel 1 ovykekpipuévn texviky Bektimomn. 1o onpeio mov 1o
COP* vyiveton pikpdétepo tov avtiotoyyov COP, 1 emévdvon mover va sivan
ocvppépovoa. Me tov Tpomo awTO, YIVETAL | TPMOT EKTIUNON Y100 TO OV TPEMEL VO
Kwnbel n oxedraotikn enthoyn.

Ze dedtepo Pabud, n avéivon yiverar kabapd owovopwkn. To kdoTOg
amékmong Kat Asttovpyiag vroloyileton and Tg mapoamdve eiiodoeg. [péner va
onuelmei, 611 660 av&avel 10 K60TOG KEQUAiOV, TOCO LELDVOVTOL Ol ATALPOITITES
mpeg Aerrovpylog tng oaviAlag Beppudmrag e va emrdyel 1o embuuntd Beppucd
amotéheopa kabe £tog. Qg otdvrap mpeg Aertovpyiag g aviiiag Bepudmrog Yo v
nepintwon baseline, opiovtar o1 450 dpeg etnoiwe, dnhadn 5 prveg (xepepivoi)*30
nuépec*3 mpeg/ muépa. o va vmoloylotovv ov dpeg Aettovpyiag yio kaOe
oxedooTikn tepintwon, dwtnpeital otabepd to yvopevo Beppotntag mpog ddbeomn
emi Tig Gpeg Asvrtovpyiag. Avtd eivan yvootd ywe tn baseline mepintwor, dpo
vroloyiletor edkola Yo kdbe oyxedwotikr emAoyn. Ta olikd KW mnhextpikov
PELHATOG TOV amaltovvIal vroroyilovTal Le TNV TPOGHEST TV UTALTCEMV YOt TOVG
2 avepotipeg kaBdc kol ywo 1o ovumeotn]. To olkd kdotog Asttovpyiag
vroloyilerar moAlamiacialovrog ta odkd KW pe 1ic dpeg Aertovpyiag koi to
ko6otog g KWh, mov tipdran 0,0735 USS.

1t ovvéxewn yivetar avdivon pe ) péBodo tov kéoTovg kikhov Lwrg (life
cycle cost). To LCC eivar to GBpoopa tov £yKATESTNHEVOD KOOTOVG KATAVOAWMTY
(installed consumer cost, [CC) Kot g mapovoag afing Tov Aeitovpyikdv e£63wV
(operating expenses, QF,) mov mpoe&oplovvtat yia OAn N dupkew (org (lifetime, N)

™G EQAPHOYTNC.
N
1cC=1cc+ Y 22 6
= (1 e F'I)

Av 1a Aertovpyikd £E0da givar otabepd oTo Ypovo, T6TE 1 eicmwon anhonoteitar:

LCC=ICC+PWFxOE 6-8
omov £xel oprotei 0 mapdyovtag Tapovoag atiag (present worth factor):

1
o= Zrm ‘I{ (m)“} o7

O LCC vmoloyiletar ywe kdBe tafn yw 10 ypoévia eKpeTdAlevong, He
gpappoy Tov TpoeLoPAnTikov emtokiov (discount rate), r. I'io Tov owiako topéa, 10
emtoko npoeEdeinong eivar 6%. IMapddinha, extehodvial averdoelg gvaocbnoiog
KoLy emTokio 2% ko 15%. Inpewdvetal, 6t ovvibwg 1 avdivon yw Tig avthisg
Beppommrag yiveral ywo 12 €.
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Kegalaro 6: Texvikootkovopiki) avaiven g avriiag Oeppdtnrag oc covbiikeg Oéppavong

I ovvéyewr moapovolalovial Te OmOTEAEGUATE TNG OLKOVOMIKOTEXVIKTG
avaivong. O1 cuvbiikeg g mpocopoimeng eivar 5°C Beppokpacia mepiBailovtog Kat
cuyvomta cvpmeotn 80Hz.

6.2.1. MEQOAOX 1" - ZIYIKPIZH COP AINIO THN KAIZH TOY
AIATPAMMATOZXZ

Ztov mivaka mov akokovbei mapovoialovral ta arapaimmra otovEia yio Tov
VTOLOYIG O IOV EKTEAEITAL

Q/Qbasel| Qevap | Qcond | qcond | weomp Wfans KW| COP| KAIZH

Kg/s | Kg/s | KW | KW (COP¥)

025 | 0,1175 | 0,0548 | 1,941 | 1,032 0,002 | 1,88 | 7,438513073
05 02350 0,1095 | 2,597 | 0954 | 0,015 |2723[7,314004583
0,75 [0,3525 | 0,1643 | 3,173 | 0925 0,049 | 3,429 6,976052969
10,4700 | 02190 | 3,686 | 0,91 0,117 4,049 6317936667

1,25 0,5875 1 0,2738 | 4,152 0,901 0,228 4,609 | 5,232934115
[,5 0,7050 10,3285 | 4,581 0,894 0,394 5,121 1 3,61432375
1,75 0,8225 ] 0,3833 | 4,978 0,89 0,625 3,995 1,35538401
2 0,9400 | 0,4380 | 5,351 0,886 0,933 6,037 |-1,650606667

Mivakag 6-3: Lroysia vmoloyispod tov COP* amé to diypappa wsydog
avepieTipov — BeppéTnrag mpog Srabeon.
AxoAovbEei To ddypappa 16300g avepoTpV — BeppodTnrag Tpog Siabeon.

Ynoloywopog pe Baon v kiion (COP)

(=)

It

e h

y= -4 8787x* +7,4563x +2,5112
R?=10,9265

qeond (KW)

0.0 0.2 0.4 0.6 0,8 1,0
Wians (KW)

Typa 6-1: Avdypappa woydos avepistipov — Oeppétrag mpog S1abeom, and o
omoio mpokvzTeL 1) Khion, COP*.

Onwg deiyver To dudypappa Kat 0 TVEKAS, 5 Bélriory q avrictoysi
ot napoyi kard 1.25 gopés peyakitepn and v mapoyy baseline: T CUVELEW TO
COP* yivetou pixpétepo tov COP. Avto deiyvet 6T pia pixkpt| abgnen mg 1o)0og v
aVEMICTIP@V, UTOPel va 0dNYAOEL OF onpavTiky avénon Mg anédoong mg avriiag
Beppomrac.
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Kegaharo 6: Teyvikooikovouiky avaivon g avriiog Oepudmrag ot cuvlijkeg Oéppaveng

6.2.2. MEOOAOX 2" - ANAAYZH KYKAOY ZQHE (LIFE CYCLE COST,

LCC)

Y7o popon mvaxwv, mopovctdfovtatl ot VIOAOYICHLOL TOV EKTEAODVTOL.
Q/Qbas|Pfanc| capital | Pfane | wcomp | Pfans | Wol. | toper. |oper.cos
el |(KW)| cost$ | (KW) | KW KW KW hr t$
0,25 |0,00I| 8,247 0,001 | 1,032 | 0,002 | 1,034 [854,560| 64,935 |
0,5 10,006 28,717 | 0,009 | 0,954 [ 0,015 | 0,969 [638,698] 45,470

0,75 10,020 59,581 0,030 | 0,925 | 0,049 | 0,974 |522,754| 37,432
1 0,047 100,000 | 0,070 | 0910 | 0,117 | 1,027 450,000 33,957
1,25 0,091 149,430 | 0,137 | 0,901 | 0,228 | 1,129 [399,4941 33,147 |
L5 [0,I58] 207,474 | 0,236 | 0,894 | 0,394 | 1,288 |362,083| 34,271
1,75 10,2501 273,822 | 0,375 | 0,890 | 0,625 1,515 333,206 | 37,110
2 0,373 348,220 | 0,560 | 0,886 | 0,933 1,819 1309,979| 41,451

Iivaxag 6-4: Ioydg avepistiipov svprvkvet] (Pfanc) ko efatpiomipa (Pfane),
ohk1 woyxvs (Wol), dpec Aertovpyiag ava £rog (t oper.), AerTovpyiké Ko6GTOG
(oper.cost) ka1 kéoTog Ke@aAraiov (capital cost).

"Etog | CALC.PWF | CALC.PWF | CALC.PWF PWF 2% PWF 6% PWF 15%

2% 6% 15%

1 0,980 0,943 0,870 10,575 8,384 5,421

2 0,961 0,890 0,756

3 0,942 0,840 0,658

+ 0,924 0,792 0,572

5 0,906 0,747 0,497

6 0,888 0,705 0,432

7 0,871 0,665 0,376

8 0,853 0,627 0,327

9 0,837 0,592 0,284

10 0,820 0,558 0,247

11 0,804 0,527 0,215

12 0,788 0,497 0,187

Hivaxkag 6-5: Yrmoloyiopdg tov mapdayovra mwapovcag afiag yie kabe emtoxio
apoelopinong, yia 12 étn.

10V EMOUEVO TIVOKE TTO.POVCLALETAL O VTOAOYIGHOG TOV KOGTOVG KKAoL Lmng
Yo KGOE ETTOKIO KOl GXESOOTIKN EMAOYT KOl QHECMS HETE 1| YPOPIKT] TAPACTACT)
Tov K00TOVG KUKAOV {1 pue o COP.

Q/Qbasel. | capital cost $ | oper.cost$ | LCC 2% | LCC 6% | LCC 15% | COP
0,25 8,247 64,935 694,952 | 552,648 | 360,232 | 1,88
0,5 . 28,717 45,470 509,573 | 409,927 | 275,190 |2,723
0,75 59,581 37,432 | 455,436 | 373,404 | 262,485 |3,429
1 100,000 33,957 459,107 | 384,690 | 284,068 | 4,049
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Keg@laro 6: Texvixookovopiki avélvon tng avriiag Oeppotyrag oe ovvihikeg Oéppavong

1,25 149,430 33,147 499,967 | 427,326 | 329,105 14,609
1.5 207,474 34,271 569,902 | 494,797 | 393,244 | 5,121

1,75 273,822 37,110 666,270 | 584,944 | 474980 |5,595
2 348,220 41,451 786,576 | 695,737 | 572,909 6,037

Mivakag 6-6: Yzmohoyiopdg 100 K60TOUG KUKAOV (¢ Yo KGO: emitéKio Kol
oyedraeTiK emhoyn.

Kéotn xoxhov Lorg

900
800 = — -
700
600
500
400
300 |
200 |
100

LCC (USD $)

(% ]
L)
e
wn

0 1
cor

¢ LCC 2% m LCC 6% A LCC 15%

Typa 6-2: Avaypoppa COP pe 1o kéotog kokhov {mc.

Onwg deiyver to Sdypoppo kar 0 mvekas, 3 psiniorn gm0y avTicTousi
ot napoyn kata 0.75 @opéc pikpdtepn amd Ty napoyn baseline: Zopewvo pe Ty
avdivon avtn, pio pucpn peimon g 1oxbog TV AVEHIGTIP®OV, UTOPEL Vo 0811yToEL
o€ avEnon Tev KEPIDYV 1o TOV KATAVAA®TT.

6.2.3. IXOAIAZMOX TQN AITIOTEAEEMATON

Me v mpdt pébodo, g khiong — COP*, Bpébnke 6T 0 Péltiotog Adyog
mapoyng aépa wg mpog TG baseline ouvbnkeg mapoyng eivan 1.25. H pébodog avt
Aappdaver vmoOyn to Aertovpyikd kO0TOG, GAAG Ol KAl TO KOOGTOG KEQUAQioOL TV
SLPOPETIKAV GYENACTIKAOV EMAOYDV.

Me 1 devtepn pébodo, Mg avaivong ké6atovg kuklov Long, Ppébnke 611 0
BéltioTog Adyog mapoyng aépa mg mpog Tig baseline cuvBeg mapoyng ivar 0.75.

And 1o anoteléopota @aivetar 6TL o1 BEATIOTEG GUVONKES A£LTOVPYiRG TOV
KMUQTIOTIKOD givon OAD Kovid oTig ovvBikeg apyikng oxedicong, baseline. Eivon
pavepd OTL Ol KOTACKEVOOTEG Oev eEMAEYOLV TuYaia TIG cLVONKEG Agrtovpyiog TV
avtAdv Beppotnrog mov katackevdlovv. Mahiota, moAlol and avtodg doreivovron
6t ta KMpoTioTikd Toug eivan H1dn BedTicTomomuéva Kot dev EmBEYOVTOL CTUAVTIKEG
BeAtiboeis.
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Keopdhato 6: Texvikooikovopiki avaivon g avriiag Beppdrrag oe cvvbiikeg Béppaveng

Qo1600, 660V BPOPE TNV AVAAVCT) ToV KOGTOVG KUKAOL Lwig, xpedleTar o
Mo TPooekTiky eEETacT TV anotehecpdtov. Onwg deiyvel o mivakag kat 1 ypagiky
napdotacn, o€ 12 étm éva vowoxvpd emPapiverar pévo Alya dohdpia emmhéov,
@ote va petafel oty emdpevn oxedootua emhoyr. [a mapdderypa, empPapvveran
11 dohdpra xor 57 dordpwr dote omd ™ PéATio owovopkd emhoyn (Y 6%
emtox10) va petaPel avriotoiywg otnv emduevn xor ) peBemduevn emhoyn. Towg
TEAIKG, Ta Mool auTd o€ éva ypovikd opilovia 12 €1dv va eivarl pnv eivol xatl 16c0
onpavtikd, aAlé avto de Ba kp1Bel oV Tapovoa PeEALT.

[Ipéner emiong va onuewwdel, 6TL o pa mpoxWPNHEVN avdAivon, Tpémsr va
AeBovv kot dAkor mapdyovieg vroyn. ‘Evag onpavtikdg mapdyoviag, eivor av m
npokewévn péBodog Béppavong eivar m povadikn péBodog Bépupavong Tov
ovykekpiévov xdpov 1 epappdlovrar ki dhieg pébodor Béppavong, 6nwe cvoTnua
kevipikng Béppavong. v mepintwon ovty, Oa énpene va Anefel vwoyn ke
eEokovounon evEPYEWG 1] 1| OTOTAAT OV TPOKVTTEL Yla TIG VILOAOMEG PeBGSovg oL
ypnotporoovvtol mapdiinia. EmmAéov, mpénel va AapBdverar vroymn, dtav eivor
dwbéoa to kotdAinia otoeia, 10 kKO6oTOG GuvTNPNonS. Tédog, Ta TIHOAdYIE TV
EMYEPNOEWV NAEKTPIGUOY cuviiwg TpoPfAémovy xauniotepn ypEmon ot GPeg i
QUYUNG, KATL IOV TPENEL va AapBAveTol VoY, avaloya Le TIC OPES AEITOVPYIaG TNG
avtAiiog Beppdtnrac.

Téhog, o TPdTAOTN Y0 TEPATEP® UEAETT) TNG CLYKEKPILEVNG TMEPITTOONG,
givar va yiver éleyyog poévo tov oaveplotipa TG eEmTepikic povadag. Omwg
OTUEWDVETAL OTNV 0Py NG TUPAyPaeov 6.2, 1 10X0G TOV AVEUICTIPU AVTOV UTOPEL
va petafindel ywpic va ypeidletar aviikatdotaon kvnmpa. Avtd ioybel, eneldn
Kwveitar and 1o 103Vpd HOTEP TOL CLUMIECTY], IOV UTOPEel va SOVAEYEL O HEYRAVTEPEC
OTPOPES, DOTE VO KAADTTEL TIG CVENUEVES AMUTICELS TOV AVERIOTIIPA avToV. Me Ttov
TPOTO aVTO, T0 POVO KO6GTOC oL LeTafaAeTan eival To AE1ToVPYIKO KOGTOG Kot Oyl TO
K00T0g KeQouhaiov, agod dev avrikabictatar kavéva eEdpmmua. Evdeyopévog, n
oTPOEN TPOG TV KaTevBLVoT aLT] va amofel To EXWEEANG Y10 TOV KUTUVUAMTY.
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Kegdhoo 7: Zopnepaopata Kol Tpotaoes

KED®AAAIO 7
2YMIIEPAXMATA KAI ITPOTAXEIX

7.1. ZYMIIEFPAYXMATA

Kot mv évapén g napodoog petamtuylaks epyaciog mapadobnke éva
VTOAOYLOTIKO HOVTELD, Kmdikomompévo o€ YAwosa FORTRAN-77. To povtélo avtd
MPOGOHOWOVE T  )eirovpyio Oéppavens pwg avrhiog Oeppérnrag 1110
ovykekpipéva, g aviiMag Beppomrag mov efvar eykateompévn oto £pyacTiplo
Qvowav & Xnuikav Aepyacudy Tov [avemompiov Osoocakiag.

H mopovoo petantoyiakn epyacia npdcBece oto mpoindpyov vwoAOYIoTIKO
povtéro opiopéveg véeg Svvatotmres. H onpavtiky) odhayn mov mpoékvye eivon o
VTOAOYIOHOG, HEGT GO TO TPOYPUUMUN, TOV CVVIEAECTAOV HETAd0oMG BeppoTnTac Tov
gEatpiotipa kar Tov cvpnvkvaty (Kepdhawo 3). Ot olkoi cvvieheotéc petddoong
Beppémrog twv 2 evorlaktdv vmoloyiloviar pe T péBodo twv Beppikdv
AVTICTACEMY, GQPOL TPDTO £XOVV VROAOYIOTEL 01 EMUEPOVS Bepikég avrioTdoelg. Ot
avTIoTAoES avTég vroloyiloviar pe Baon cvoyetioes g Bifioypapiog (Kepdiato
2), OV VREICEPYOVTAL GTO HOVTEAO HE TN HOPPT] VIOPOVLTIVGV. AQopovv, KuPing,
TOVG GUVTEAECTEG peTadooTg BepudTnTag amd TV TAELPAE TOv aépa KAl amd TNV
TAEVPE TOV YUKTIKOV OE KAOE EVAALAKTT. ZNHEWDVETAL OTL O CVUTVKVATHG X®pileTar
oe 2 Weoatd tupata. Zto 1o tunipa kukhoeopel vépOeppo YukTiko, evd ot 20
TUT|HO TO YUKTIKO BploKETAl O KATAGTAOT S1pAcIKoy HiyHoTOg DYPOD KAt ATHMV.

[Ipwv v ohoxAnpmaon TG EpYACiag VTG, EUMELPIKES TYLEG TOV CUVIEAEGTOV
petddoong Oepudmtog ew0dyoviav oto HOVTEAO @G Sedopéva eicddov. Me v
OAOKATIp@OT) TG EPYACIOG, TO TPOYPAUNUE DTOAOYILEL TOVG CUVTEAEGTEG AVTOVG Ko
0TI CUVEYELD TOVS YPNOLUOTOLEL Y10 TOVG KDPLOVG VITOAOYIOUOVE TOV EKTEAEL.

To povtéro ypnoiomotel pia cepd and dedopéva Tov aPopovV GLVONKES TOV
nepifdiloviog — Oeppokpociec €10060v aépa OTOVG EVOANGKTEG, YEMUETPIKG
XOPOKTIPLOTIKG TOV GLGTHUOTOG, TAPOYES AEPA KAl PUOIKES WO10TNTES OTIC GVVOTKES
avtés. YrmoBéter oty apyn Tig Beppokpacieg woppomiog oTig 2 MEGES AELTOVPYING
(yopnAn kou vynAn). Qg amotedéopota, SivVEL YL OPICHEVT] CUXVOTNTO AELTOLPYIOG
TOV ovumEoTh kot Kaubopropéveg Beppokpacieg mepifaririovioc, Ta akdiovba:
Bgpuoémra Tpog d1dbeom.

Zuvtereotn andédoomng, COP.

Bgpuokpacio e£630v 0€pa 0O TO CUUTVKVOTT.

Oeppokpacio eE660V aépa oo Tov EEATUICTPA.

[Tieon 1ooppomiag 6T0 CLUTVKVOTY.

ITieon woppomiag cTov eEaTIcTNPO.

‘Epyo ocvumeot.

Moalikn mapoyn YuKTIKOoD.

Emépoug kot oAkovg cuvteleoté petddoong Beppdmrag ota 3 tunpatoe (6mwmg
nEPYpGENKay Kat vopitepa) tmv 0o evalhoktdv Oepudtnrog.

Ov mpocopoldoel; pe TO PeATwpévo pOVIELO Y0 TN Agwtovpyia NG
Béppavong, divouvy ta axohovba anoteréopata (Kepdalato 4).
= H guyvémnra Aerrovpyiag Tov copmest anotelel Tov mapdyovia wov pubpuiler
TIG TWHEG TV HEYEBDV OV LETPOVVTUL.
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Kegalawo 7: Topnepdopara kar npotaocig

— Me avénon mg ovyvomTag Aetovpyiag TOV GUUMEST TO HETPOVMEVE UEYEDN
petafdilovial wg axorovme, Yo cuverikeg BEpuavong kot pe otabepn Beppokpasio
neppdrioviog:

¢ H Oepuomra mpog didbeon avéaverar.

¢ To épyo ovumicong avéavetal.

¢ O ovvieheotig anddoong COP avidveror wg £vo PEYIOTO KO OTN CUVEXEW
perdverar. Mdhota, avghvetar yoo moAd yapniéc eSwrepikég Oeppokpacieg xat
HeEL@VETAL oTadaKA o€ VYNAOTEPES EEMTEPIKES OEpLOKPUTIiEC.

+ H Beppoxpacio e£6d0v tov aépa amd To cupumLKVOTH avédverar.

¢ H zmieon tov copmukvem avdveta

+ H paluxn mapoyn tov yoktikoy avEavetar.

o H Beppokpacia e£630v Tov 0épa and Tov EEQTUIOTPA HEWDVETOL.

¢ H mieon tov ekotpiompa perdvetor.

¢ H petaforn twv olikdv cvviedestdv petddoong Bepuomrag ivar avenoicOnra
avéntike, oxed6v undevikn.

=> Egloov onpavriki eivar ko1 1 enispaon g Oeppoxpasiag Tov meprfdiiovroc
Me avénon g Oepuoxpociag tov mepiBdAloviog, To peTpovueve  peyEd
petapdairovior g axkodovBmg, yoo cuvenkeg Béppaveng kol pue atabepn cvyvotnto
CUUTIECTN:

H Bgpudmra npog ddbeomn avEdveral.

To €pyo ocvumnieong avEaverar

O ovvteleotng andédoong COP avEdveta.

H Bepuokpacia e£6d0v Tov aépa amd 10 CLUTVKVOTH avEaveTal.

H rtieon tov cvpumvkvoth avkdvetal.

H poluci mapoyr] Tov yokTikod ovéaveral.

H Beppokpaoio €650 TOV aépa amd TOV EEQTUIOTIPO AVEGVETAL.

H migon tov e€atuiomipa avEdveral.

H petaforn tov ohikdv cvvieheotdv petadoong Beppdmrag eivar avenaiodnta
avénTikn, oxedov undevixi.

* & & ¢ & & & > o

Zn ovvéyew, pe Paon PAoypa@iky] avaoKOTNGY GYETIKNG £PEVVAG Yia TO
DOE - USA (Kepdhowo 5), mpoypatomoleital M TPOKATUPKTIKY] OIKOVOMIKT
afordynon g avriiog Beppdtrag (Kepdrawo 6). Na va Perniwbei | anddoon wag
avtiag Beppdmnrog mpénel va Pektiwbodv ot empdveleg evallayrg Beppudmag 1 va
avénBodv or ovvieheotés petadoong Beppoémrag 1 va yivovv PeATidoglg oTO
OUUTIEDTI], TOVG AVEUGTIPES, TO YUKTIKO KOl T0 GLUCTHHATE EAEYYOV.

Zmv napovow gpyacia, dweaivetar (Kepdhow 4) 6Tt 1 avénomn g wydog
TOV OVEUOTAPOV TOV 2 gvallaktdv éxel modd Betikéc emdpdoeg ot Bepudmra
npog didbeon kar to COP. INa to Adyo avtd efetdletan avth 1 nepintwon, pe dvo
SrapopeTikég pebddovg.

Mg mv mpdt pédodo, g kiiong — COP*, Bpébnke 6T o BEATiotog Adyog
napoyns aépa ¢ mpog Tig baseline cuvbikeg mapoyng eivar 1.25. H pébodog avm
Aapfaver voym 1o Asrtovpykd kOoTOG, GAAG Ol Kal TO KOOTOG KEQPUAQIOV TMV
S1aPOPETIKDOV OENUTTIKOV ETAOYDV.

Me 1 debdtepn péBodo, g avaivong koéeTovg kikAov Lwanig, Ppédnke 6T o
BéLTioTog AdYOg mapoyig agpa wg mpog Tig baseline cuvBikeg napoyrng eivar 0.75.
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Kegdéhaio 7: Zvpnephopata Kai potdosis

Amd ta amotedéopota @aivetar 0tL o1 BéATioTEg cLVONKEG AelrTovpying TOL
rKipationikov eival mohd kovid otig cvvlnkeg apyikng oxediaong, baseline. Eivou
Qavepd OTL Ol KaTOOoKELAOTEG Oev emAEyouy Tuyaic TG cLvOnKeg Asttovpyiog TV
avthdv Beppdmrog mov katackevalovv. Mdliota, molhoi and avtovg dteivovton
6T 0 KMPOTIoTIKG Toug eivar 11on Bedtiotomompéve kot Sev EMOEXOVTAL CTILOVTIKEG
BeAtidoers.

7.2. IIPOTAZEIX

Onwodnmote, T0 VTOAOYIOTIKO LOVTELO ToLpOLCLALEL OPIOPEVEG ATEAEIEG OTT|
popen mov mapadiverar avth T otiypn. O atéleieg avtég pmopovv va Behtiwbovv
péco and emdpeveg epyocieg, mov Oa ekmovnBolv ot ovykekpyévn mepoyr. H
eumepia Tov gpyaompiov Puvowdv & Xnuikdv Aepyacidv oto gupd avukeipevo
TV aviMdv Oeppdtnrag eivar mAfov peyakvtepn, petd amd 4 epyacies mov £yovv
ekmovnOel oe avtr) v emotnuovikn mepoxn. [ap’ 6ha avtd, 6nwg Ba @ovel kot and
TS TPOTACELS OV akoAovBoV, éva TG0 €vpl emompovikd medio dev eEavrisiton
e0KOoAQ.

Opiopéveg TPOTACELG Y100 CLVEXLOT] TNG £PEVVOS TAPOVGIALOVTOL GT] GUVEXEL.:
1. No yiver povrelomoinon g ParPidug ektdvmaong, dote vo ypnoltomoindel pio
TO0 AMOTEAECUOTIKY] oyéon amd Tnv 19N ypnoonooduevn. Me tov 1pdmo avtd Ba
amarerpbel and Tig eElomoels kot 0 eumelpkds napdyoviag vneck, TOv EVOOUATOVEL
OAn MV dyvold Yo TNV TTOOT TECNG OTOV TPLYoeWd] cwAnva. Avtd givol opKeTd
d0oKoAO, 0POV TPOKELTAL Yl YEIPIOUO S1PUCIKOD LiyIOTOG TOV YOKTIKOD.
2. No vmoloyiotei 1 GUVOMKY] TOGOTNTO TOL WYUKTIKOU WHECH OTNV  ovTAia
OeppomTag. Avtd pmopel va ovviehéoel oty mpocnkn piog axkdun ekicwong yw
0V €AeyY0 ToL ovathipatoc. H egicwon avm Ba eivan kot mo afiomotn. H cuvolikn
mocoTTe. YukTIKoU pmopel va vmohoyiotel av ywplotel oe Tufpoto 1 ovtiio
Bepuomrag, 6mwg yiveton 101 oto mpodypappa. Xe kabe tpnpe Bo mpénel va eivon
YVOOTA 0 OYKOG OV KaToAapBavel T0 WUKTIKO KOl 0 £101KOC OYKOG TOV. ATO avTd,
umopei vo. vroloylotei n pdlo Tov YukTikoD of KAbe TuNUO Kol, KATA CUVETELD, OF
OA0 T0 GVOTNUC.
3. No enextabel 1 TPOCOUOI®OT) TOV CLUTVKVAOTH KOl GE TPITO TUNHW, TO TUUL TOV
VIOYVKTOV YUKTIKOD, TTpv TV ££000 amd t0 ocvpmukvarh. BéBoia, to tunqpe avtd
givol pikpd ko extipdror 0TL | cLVEISPOPE Tov O Ba elvon onpoviikn kor 6 Ba
em@épel oEloonueinteg alroyéc.
4. No mpoypotomonfei oUYKPION TOV OTOTEAEOUGTMV TOL HOVTEAOD HE TO.
MEPOPATIKA  omotehéopata  mpornyovpevav gpyaciov  ([Iavovtcog X., deg
BiBrhoypagia), dote va Siamotmbodv Tuydv pofrfuate 1 Tapaieiyelc.
5. Na 000l meprocdTeEpO PAPOC GINV OIKOVOUIKT] GVEADOT] TOV GLOTHUATOS, E TTLO
EUTEPIOTOTOUEVT] KO TANPTM  UEAETN OWKOVOUIKHG oOKOMUOTTHG Y TOAAEG
oyxedwotikég emhoyéc. To vadfabpo vmdpyer otnv mopodoo epyacic Kol eivol
okémpo vo afomondei. Onwg mpoteiveral kou oto TéAog TOL KEPaAaiov 6, va
diepevvnBei oe peyarvtepo Pdbog kot n mepinTon adllayig 1oxDOg TOV AVEUIOTHP
e eEmTePKNG Lovadac.
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IMMAPAPTHMATA

TIAPAPTHMA 1.

TO YIIOAOT'IZTIKO MONTEAO ZE KQAIKA FORTRAN 77

c YPOLOGISMOS SYNTELESTON METADOSIS THERMOTITAS
c STATHERH SYXNOTHTA SYMPIESTH

e e e o e o ok e o 3 ok ok e 3 3 ok sk e ke e kool o ke e sk e sk ek ek ek

c KAI ANOIGMA ARXEIOY Béhog, 11/99

c

c VARIABLES

C _________

c tcl : fluid temperature at condenser inlet

c tc2 : fluid temperature at condenser outlet

c dtsc  : subcooling at condenser outlet

c tc_eq :equilibrium temperature at condenser pressure
c pc_eq :condenser pressure

c tevl : fluid temperature at evaporator inlet

c tev2 : fluid temperature at evaporator outlet

c dtsh  : superheating at evaporator exit

c tev_eq : equilibrium temperature at evaporator pressure
c pev_eq: evaporator pressure

c vneck : coefficient of expansion valve

c pol  :index of polytropic compression

c svol :compressor swept volume

c rvol :compressor clearance volume ratio

c ccomp : compression volumetric coefficient

c freq :rotational speed, rad/s

c xmf :mass flow rate of refrigerant, kg/s

c tcal :inlet air temperature to condenser

c tca2  : outlet air temperature from condenser

c xmc : air mass flow rate in condenser

c cpc : specific heat of air in condenser

c areac : surface area of condenser

c coefc2 : overall heat transfer coefficient of condenser (quality 1 to 0)
c coefcl : overall heat transfer coefficient of condenser (superheated part)
c teval :inlet air temperature to evaporator

c teva2 : outlet air temperature from evaporator

c xmev : air mass flow rate in evaporator

c cpev : specific heat of air in evaporator

c areaev : surface area of evaporator

c coefev : overall heat transfer coefficient of evaporator
c

Implicit Real (a-h,k,m,0-z)
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IMAPAPTHMATA

Dimension xe(2),dxe(2),ye(2),yel(2),2)(2,2)

common/cond/tc_eq,pc_eq,hcl,hc2 tel tc2,scl,

+ coefcl,coefc2,areac,xmc,cpe,teal tca2 coefrcl,coefrc2,coefairc
common/evap/tev_eq,pev_eq,hevl,hev2,tevl tev2, sev2,

+ coefev,areaev,xmev,cpev.teval ,teva2 coefrev,coefaire
common/pres/svol,rvol,ccomp,freq,xmf,pol,

+ nref,dtsh, vneck,qcond,qevap,wcomp

¢ Read from data file
C

open (11,file—opening’)

read (11,*) nref.
read (11,*) pol
read (11,*) svol
read (11,*) rvol
read (11,*) ccomp
read (11,*) dtsh
read (11,*) vneck
read (11,*) tcal
read (11,*) xmc
read (11,*) cpc
read (11,*) areac
read (11,*) xmev
read (11,*) cpev
read (11,*) areaev

close (11)

open (14,file="syntelestes")
open (79,file='olikoi syntel')

c arxeia dokimon apotelesmaton (c:refr-cond,csuprht:superh.ref-cond,e:ref-
evap,ca:air-cond,ea:air-evap)

open (99,file='c")

open (98, file—csuprht')

open (97, file=¢')

open (96,file=ca")
open (95,file="ea")
c telos arxeion dokimon
write (14,15) 'teval’,'coefcl’,'coefc2’,'coefev','coefrcl’,
+ 'coefrc2','coefairc’,'coefrev','coefaire’,'xmf'
write (79,%) 'allev allcl allc2 areacl areac2'
15 format (x,a5,8(2x,a8,4x),a4,2x)
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ITAPAPTHMATA

e o ok e e e oo ofe ofe e e e e e e ke e ke sl s o sl e ko R sk ke e e e e e ke e R Rl el o ok R R R R e R o Rk e e e e e e ke R R ke ok

c EISAGOGH SYXNOTHTAS SYMPIESTH

write (*,*)ENTER COMPRESOR FREQUENCY (min=41.514Hz)
read (*,*) freq

ANOIGMA ARXEIOY ME TA APOTELESMATA

o000

open(13,file—apo’)
write(13,101)'frequency="freq
101 format(al0,f6.1)
write(13,50)'teval’,'qcond’,'COP",'tca2','teva2’,'pc_eq',
+ 'pev_eq','wcomp'
50 format(x,a5,6x,a5,6x,a3,4x,a4,x,a5,3x,a5,6x,26,6x,as)

c THERMOKRASIA PERIVALLONTOS

do 1 teval=-3,10

C**********1&****#***************1‘******#***‘#**********#****#****t****

C-=======
¢ Input of initial guess
c ________

xe(1)=60.

xe(2)=5.

¢ Newton iteration

c
do iter=1,100
c ........
¢ Check of convergence
c ........
test=0.
call equation(xe,ye)

do icheck=1,2
test1=abs(ye(icheck))
if(test].gt.test) test=test1
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[NAPAPTHMATA

enddo
¢ write(6,*) iter,test
if(test.1e.0.0001) goto99
c ........
¢ Jacobian matrix
c ________
dxmin=0.001
do j=1,2
xe(j)=xe(j)+dxmin
call equation(xe,yel)
doi=1,2
aj(i.j)=(yel (i)-ye(i)/dxmin
enddo
xe(j)=xe(j)-dxmin
enddo
c ________
¢ New iteration
c ........

det=aj(1,1)*aj(2,2)-aj(1,2)*aj(2,1)

dxe(1)=(ye(1)*aj(2,2)-ye(2)*aj(1,2))/det
dxe(2)=(ye(2)*aj(1,1)-ye(1)*aj(2,1))/det

do jj=1,2
xe(jj)=xe(jj)-dxe(jj)
enddo

c  write(6,*) 'tc_eq=',xe(1)
¢ write(6,*) tev_eq=',xe(2)
¢ write(6,*)

c ________
¢ Conclusion of Newton iteration
c ........

enddo

write(6,*) 'Newton iteration did not converge'

99 continue

call final(ecompr,cop)

C

+ 18.3)

write (14,16) teval ,coefcl,coefc2,coefev,coefrcl,coefrc2,coefairc,

+ eoefrev,coefaire,xmf
16 format (x,4.1,8(2x,f10.7,2x),f4.3)
1 continue

Institutional Repository - Library & Information Centre - University of Thessaly

23/04/2024 21:53:10 EEST - 3.14.13.79

ek ok ke opkok ok kR gk kR kR kR h Rk kpkk kR kkk kR Rk ko kR kR Rk kR ko ok gk kkkk

write(13,51)teval,qcond,cop,tca2,teva2,pc_eq,pev_eq,wcomp
51 format(x,f4.0,x,f10.3,x,f10.3,x,f4.0,2x,5.1,x,f10.1,x,f10.1,x,
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(MR R R KR o R e R R R Rk SRRSOk R R R Rk R R R R R R R

stop
end

L' —
¢ Subroutine equation

) subroutine equation(xe,ye)
Implicit Real (a-h,k,m,0-z)
dimension xe(2),ye(2)

G

¢ Common blocks

P

common/cond/tc_eq,pc_eq,hcl,hc2.tcl te2,scl,
+ coefcl,coefc2,areac,xmc,cpc,tcal,tca2,coefrcl,coefrc2,coefairc
common/evap/tev_eq,pev_eq,hevl,hev2 tevl, tev2,sev2,
+ coefev,areaev,xmev,cpev,teval teva2,coefrev,coefaire
common/pres/svol,rvol,ccomp,freq,xmf,pol,
+ nref,dtsh,vneck,qcond,gevap,wcomp

pi=3.141592654
xpol=1./pol

tc_eq=xe(1)
tev_eq=xe(2)

call fluids('SI',tc_eq,pc_eq,hc_veq,sc_veq,l.,

+ ve_veq,u,mu,mk,nref,15) ! evaluation of pc_eq,pev_eq
call fluids('SI',tev_eq,pev_eq,hev_veq,sev_veq,l.,

- vev_veq,u,mu,mk,nref,15) ! properties at due point

c Properties at compressor inlet
C"""_—“
tev2=tev_eq+dtsh
call fluids('ST',tev2,pev_eq,hev2,sev2,xev2,
- vvev2,u,mu,mk,nref,12)

¢ Compressor outlet specific volume
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MMAPAPTHMATA

call fluids('ST',tc1,pc_eq,hcl,scl, xcl,
+ vvcl,u,mu,mk,nref,26)

zz=1.+rvol*(1.-(pc_eq/pev_eq)**xpol)
xmf=ccomp*svol*freq*zz/vvev2

call refhtcsh

call airhtc

rcs1=18.71/coefrcl
rcs2=1.0/coefairc
rcs3=16.23/14.195
rcs4=6.013/100000.0
ms=sqrt(2.0*coefairc/0.08)
fineffs=atan(ms*0.025)/(ms*0.025)
temprs5=coefairc*(fineffs+0.06567)
rcs5=(1.0-fineffs)/temprsS

tempc 1=rcs1+rcs2-+res3+resd+resS
coefc1=1.0/tempcl

call refhtc

call airhtc

rc1=18.71/coefrc2

rc2=1.0/coefairc

rc3=16.23/14.195
rc4=6.013/100000.0
mc=sqrt(2.0*coefairc/0.08)
fmeffc=atan(mc*0.025)/(mc*0.025)
temprcS=coefairc*(fineffc+0.06567)
rc5=(1.0-fmeffc)/temprcS
tempc2=rc1+rc2+rc3+rc4+rcs
coefc2=1.0/tempc2

call refhtev

call airhtev

revl=15.42/coefrev
rev2=1.0/coefaire
rev3=13.38/14.195
rev4=6.155/100000.0
me=sqrt(2.0*coefaire/0.08)
fineffe=atan(me*0.025)/(me*0.025)
tempreS5=coefaire®(fmeffe+0.081)
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rev5=(1.0-finefte)/tempre5
tempev=revl+rev2+rev3+revd+revs
coefev=1.0/tempev
c write (*,*) fmeffs,fmeffc,fineffe
write (*,*) rcsl,res2,rcl re2 revl rev2

allev=0.699*coefev*areaev
yy=allev/xmev/cpev

effev=1.-exp(-yy)

gevap=xmev*cpev*effev*(teval-tev_eq)

allc2=1.15*coefc2*areac
xx=allc2/xmc/cpc ! Initial estimate of qcond
effc=1.-exp(-xx)
qgcond=xmc*cpc*(tc_eq-tcal)*effc

do i=1,20
tca2=tcal+qcond/xmc/cpc

if(i.ne.1) then
test=abs(tca2-told)
if(test.1e.0.01) goto 19
endif

told=tca2
qcondl=xmf*(hc1l-hc_veq)
tca3=tca2-qcondl/xmc/cpc
dtl=tcl-tca2
dt2=tc_eq-tca3
dtin1=(dt1-dt2)/alog(dt1/dt2)
areacl=qcondl/coefc1/dtInl
areac2=areac-areacl

allc1=0.894*coefcl *areacl
allc2=1.15*coefc2*areac2

xx=allc2/xmc/cpc
effc=1.-exp(-xx)
gcond2=xmc*cpc*(tc_eq-tcal )*effc
qcond=qcondl+qcond2

write (79,*) allev,allcl,allc2,areac | ,areac2

enddo
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NAPAPTHMATA

19  hc2=hcl-qcond/xmf

c EQUATIONS

c

c ........

¢ Equation I: Expansion valve

c .......
ye(1)=1.e-3*sqrt(pc_eq-pev_eq)-vneck*xmf

c ........

¢ Equation 2: (h_evap_in)-(h_evap out)+(q_evap)=0

c ________
ye(2)=xmf*(hc2-hev2)+xmev*cpev*effev*(teval -tev_eq)
return
end

C

¢ Subroutine final

Institutional Repos
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subroutine fmal(ecompr,cop)
Implicit Real (a-h,k,m,0-z)

common/cond/tc_eq,pc_eq,hcl,hc2,tcl,tc2,scl,

+ coefcl,coefc2,areac,xmc,cpc,tcal tca2,coefrcl,coefrc2,coefairc
common/evap/tev_eq,pev_eq,hevl, hev2tevl tev2,sev2,

+ coefev,areaev,xmev,cpev,teval ,teva2,coefrev,coefaire
common/pres/svol,rvol,ccomp, freq,xmf,pol,

+ nref,dtsh,vneck,qcond,qevap,wcomp

pi=3.141592654
xpol=1./pol

CALCULATION OF COMPRESSOR EFFICIENCY
AND AIR OUTLET TEMPERATURE

call fluids('ST'tis_c1,pc_eq,his_cl,sev2,xis_cl,

itory - Library & Information Centre - University of Thessaly
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i vvis_cl,u,mu,mk,nref,24)
ecompr=(his_c1-hev2)/(hcl-hev2)

tca2=tcal +qcond/cpc/xmc
teva2=teval-qevap/cpev/xmev

¢ CALCULATION OF COP

wcomp=xmf*(hcl-hev2)
cop=qcond/wcomp

CALCULATION OF CONDENSER SUBCOOLING (by computing cpr c)
AND EVAPORATOR INLET QUALITY

00

call fluids('ST',tc2,pc_eq,hc2,sc2 xc2,
+ vvc2,u,mu,mk,nref,23)

tder=tc_eq-5.

call fluids('ST',tc_eq,pc_eq,hc_leq,sc_leq,0.,
+ ve_leq,u,mu,mk,nref,15)

call fluids('SI',tder,pc_eq,hder,sder,xder,
+ vvder,u,mu,mk,nref,12)

cpr_c=(hc_leq-hder)/(tc_eq-tder)
tc2=tc_eq-(hc_leq-hc2)/cpr ¢

hevl=hc2
call fluids('ST',tevl,pev_eq,hevl,sevl,xevl,
+ vvevl,u,mu,mk,nref,23)

dtsc=tc_eq-tc2
return
end

c JR——

¢ Subroutine for calculation of refrigerant
¢ heat transfer in condensation

c

subroutine refhtc
Implicit Real (a-h,k,m,0-z)
common/cond/tc_eq,pc_eq,hcl,hc2,tel,tc2,scl,
+ coefcl,coefc2,areac,xmc,cpc,tcal,tca2, coefrcl,coefrc2,coefairc
conitnon/evap/tev_eq,pev_eq,hevl hev2,tevl tev2,sev2,
+ coefev,areaev,xmev,cpev,teval teva2,coefrev,coefaire
common/pres/svol,rvol,ccomp, freq,xmf,pol,
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mkc_gm=mkc_g2
cpc_gm=(hcl-hc g2)/(tcl-tc_eq)
c prcgm=muc_gm*cpc_gm/mkc_gm
prcgm=0.778
g=4.0*xmf/(pi*cind**2.0)
templ=(g*cind/muc_gm)**0.8
temp2=(prcgm**0.4)*mkc_gm/cind
coefrc1=0.023*temp 1 *temp2/1000.0
write (98,*) cpc_gm,muc_gl,muc_g2,muc_gm,mkc_gm,prcgm,coefrcl
retumn
end

c ..... - -
¢ Subroutine for calculation of refrigerant
¢ heat transfer in evaporation

subroutine refhtev
Implicit Real (a-h.,k,m,0-z)
common/cond/tc_eq,pc_eq,hcl he2,tcl tc2,scl,
+ coefcl,coefc2,areac,xmc,cpc,teal,tca2,coefrcl,coefrc2,coefairc
common/evap/tev_eq,pev_eq,hevl hev2,tevl tev2,sev2,
+ coefev,areaev,xmev,cpev,teval teva2,coefrev,coefaire
common/pres/svol,rvol,ccomp, freq,xmf,pol,
o2 nref,dtsh,vneck,qcond,qevap,wcomp
pi=3.141592654
gw=9.81
cind=0.00826
g=4.0*xmf/(pi*cind**2.0)
call fluids('SI',tev_eq,pev_eq,hevl,sevl,0.,
+ veevl,u,muevlr,mkevl,nref,15)
call fluids('SI',tev2,pev_eq,hev2,sev2,1.,
+ veev2,u,muev2r,mkev2,nref,15)
hfg=hev2-hevl
qtemp=xmf*hfg+xmf*1.2550*5.0
q=qtemp/areaev
c q=qevap/areaev
bo=q/(g*hfg)
fr=(g*vcev1)**2.0/(cind*gw)
muevI=muev1r*0.00001
rel=g*0.5*cind/muevl
cpl=1255.0
prl=muev]1*cpl/mkevl
phlhev=0.023*(rel**0.8)*(prl**0.4)*mkev1/cind
c0=((1.0-0.5)/0.5)**0.8*(vcevl/vcev2)**0.5
if (co.1t.0.65) then
cl=1.136
c2=-0.9
c3=667.2
else
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c1=0.6683
c2=-0.2
c3=1058.0
endif
ev=cl*(co**c2)*((25.0*fr)**(0.3))+c3*(bo**0.7)*1.5
temprev=phlhev*ev
coefrev=(temprev+phlhev)/1000.0
write (97,*%) muev],mkevl,vcevl,vecev2,g hfg bo,fr,rel,cpl,prl,
+ phlhev,co,qgevap,q,coefrev
return
end
c ——
¢ Subroutine for calculation of air
¢ heat transfer in condensation
c .......... = —
subroutine airhtc
common/cond/tc_eq,pc_eq,hcl,hc2,tcl,tc2,scl,
1 coefcl,coefc2,areac,xmc,cpc,tcal tca2,coefrcl,coefrc2,coefairc
common/evap/tev_eq,pev_eq,hevl,hev2, tevl tev2,sev2,
+ coefev,areaev,xmev,cpev,teval teva2,coefrev,coefaire
common/pres/svol,rvol,ccomp,freq,xmf,pol,
+ nref,dtsh,vneck,qcond,qevap,wcomp
pi=3.141592654
sfrt=16.23
outdm=0.00635
airsurf=0.6*12.0*(0.022-outdm)
airden=1.105
airmu=0.0000175
airk=0.025
aircp=1.0
prair=0.704
airvel=xmc/(airden*airsurf)
reair=airden*airvel*outdm/airmu
tempa=0.2618*reair**(-0.4)
tempb=sfrt**(-0.15)
airj=0.0014+tempa*tempb
coefairc=airj*airden*airvel*aircp*prair**(-0.667)
write (96,*) airvel,reair,airj,coefairc
return
end
c .................. -
¢ Subroutine for calculation of air
¢ heat transfer in evaporation
c ________________________
subroutine airhtev
common/cond/tc_eq,pc_eq,hcl,hc2,tcl tc2,scl,
+ coefcl,coefc2,areac,xmc,cpc,tcal tca2,coefrcl,coefrc2,coefairc
common/evap/tev_eq,pev_eq,hevl hev2 tevl tev2 sev2,
+ coefev,areaev,xmev,cpev,teval teva2,coefrev,coefaire
common/pres/svol,rvol,ccomp, freq,xmf,pol,
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C

+ nrefidtsh,vneck,qcond,qevap,wcomp

pi=3.141592654
sfrt=13.38
outdm=0.00952
airsurf=0.6462*19.0*(0.025-outdm)
airden=1.105
airmu=0.0000175
airk=0.025
aircp=1.0
prair=0.704
airvel=xmev/(airden*airsurf)
reair=airden*airvel*outdm/airmu
tempa=0.2618*reair**(-0.4)
tempb=sfrt**(-0.15)
airj=0.0014+tempa*tempb
coefaire=airj*airden*airvel*aircp*prair**(-0.667)
write (95,*) airvel,reair,airj,coefaire
return
end

C

¢ R22 refrigerant properties

c
C

SUBROUTINE FLUIDS(UNITS,T,P,H,S,X,V,UMU,K,NREF,ITYPE)

1 ke e ke o o o s e s s e e fe e o o o ok ok ok ke s ok o o s sk s s ok ok ok ok ko o o ok ok ok ok k3K ok ok ok ko o o ok sk ke ok ok sk ke ok e

| %

THIS SUBROUTINE CALCULATES THE THERMODYNAMIC

PROPERTIES *

!!Il
*
!*
| %

OF MANY DIFFERENT REFRIGERANTS. THE REFRIGERANT OPTIONS

ARE R11,R12,R13,R14,R22,R114,R134a,R500,R502,AND "
AMMONIA(R717). THE UNITS VARIABLE TELLS THE SUBROUTINE

WHETHER TO USE ENGLISH('EN') OR 'SI' UNITS. THE .
VARIABLE NREF REFERS TO THE NUMBER OF THE REFRIGERANT

FOR WHICH PROPERTIES ARE WANTED. THE VARIABLE ITYPE .
TELLS THE ROUTINE WHICH TWO VARIABLES ARE TO BE USED TO

CALCULATE THE OTHER PROPERTIES. THE FIRST NUMBER *
DENOTES THE FIRST PROPERTY AND THE SECOND DENOTES THE

OTHER PROPERTY. THE FIRST PROPERTY IST AND THE LASTIS *
U. THEREFORE, IF P AND S ARE THE KNOWN PROPERTIES, THEN *
ITYPE IS 24. IF V AND U ARE KNOWN, THEN ITYPEIS 67.  *
TEMPERATURES ARE ENTERED IN EITHER CELSIUS OR FAHRENHEIT

DEPENDING ON WHICH UNIT SYSTEM IS TO BE USED. .
*

181

Institutional Repository - Library & Information Centre - University of Thessaly
23/04/2024 21:53:10 EEST - 3.14.13.79



ITAPAPTHMATA

!*

THCON,TSCON,SVCON,XVCON,SXCON,HXCON,PSCON,PHCON

100 IFITYPE.EQ.51.0R.ITYPE.EQ.15)GO TO 111

ROUTINE MODIFIED BY TIM MCDOWELL, SUMMER 1992

[ s she sk she sk ofe sk ke sk o o ok e o ol sk b ok e ok ke o ok ok e o iR sl sbe e sie e R o4 o ok she sl sk ok e b sl e s e e ol ok e e ok e sl ok ol ok ok ke ol ok sk ke ek ok

EXTERNAL

LOGICAL ERROR
DIMENSION Q(71)
COMMON /CONST/ Q

COMMON /LUNITS/LUR,LUW,IFORM,LUK

DATA IMAX/100/,JMAX/10/,TOL/0.0001/
REAL MUK
CHARACTER*2 UNITS

ERROR=FALSE.

IF (UNITS.EQ.'ST') CALL REVERT(V,T,P,H,S,X,U,MU,K)

CALL FILL(NREF)
J=ITYPE/10

L=ITYPE-J*10
[F(J.NE.1.AND.L.NE.1)GO TO 100
T=T+Q(44)

T,X KNOWN

T,P KNOWN
IF(ITYPE.EQ.21.0R.ITYPE.EQ.12)GO TO 121
T,V KNOWN
IF(ITYPE.EQ.61.0R.ITYPE.EQ.16)GO TO 131
P,V KNOWN
[F(ITYPE.EQ.62.0R.ITYPE.EQ.26)GO TO 141
P,X KNOWN
[F(ITYPE.EQ.52.0R.ITYPE.EQ.25)GO TO 151
T,H GIVEN
[F(ITYPE.EQ.31.0R.ITYPE.EQ.13)GO TO 161
T,S KNOWN
[F(ITYPE.EQ.14.0R.ITYPE.EQ.41)GO TO 171
S,V KNOWN
IF(ITYPE.EQ.64.0R.ITYPE.EQ.46)GO TO 181
V,X KNOWN
IF(ITYPE.EQ.56.0R.ITYPE.EQ.65)GO TO 191
S,X KNOWN
[F(ITYPE.EQ.45.0R.ITYPE.EQ.54)GO TO 201
H,X KNOWN
[F(ITYPE.EQ.35.0R.ITYPE.EQ.53)GO TO 211
P,S KNOWN
IF(ITYPE.EQ.24.0R.ITYPE.EQ.42)GO TO 221
P,H KNOWN
IF(ITYPE.EQ.23.0R.ITYPE.EQ.32)GO TO 231
H,S KNOWN
IF(ITYPE.EQ.34.0R.ITYPE.EQ.43)GO TO 241

T,X KNOWN FIND LIQUID SPECIFIC VOLUME
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111 VL=1/DLIQ(T)
P=VPR(T)
CALL SPVOL(T,P,VV)
V=VL+X*(VV-VL)
DH=DHLAT(T,VV,VL,P)
CALL ENTHAL(HV,P,VV,T)
H=HV-(1.-X)*DH
DS=DH/T
CALL ENTROP(SVAP,T,VV)
S=SVAP-(1.-X)*DS
GO TO 1000
1
' T,P KNOWN FIND VAPOR PRESSURE ASSUME SUPERHEAT
1
121 CALL SPVOL(T,P,V)
CALL ENTHAL(H,P,V,T)
CALL ENTROP(S,T,V)
X="'.5E+38
GO TO 1000
I
T,V KNOWN
]
131 IF(T.GT.Q(42))GO TO 22
PV=VPR(T)
CALL SPVOL(T,PV,VV)
20 IF(V-VV)21,21,22
21 P=PV
VL=1./DLIQ(T)
X=(V-VL)/(VV-VL)
DH=DHLAT(T,VV,VL.P)
DS=DH/T
CALL ENTHAL(HV,P,VV,T)
H=HV-(1.-X)*DH
CALL ENTROP(SV,T,VV)
S=SV-(1.-X)*DS
GO TO 1000
! IF SUPERHEAT
22 X=1.5E+38
P=PR(T,V)
23 CALL ENTHAL(H,P,V.T)
CALL ENTROP(S,T,V)
GO TO 1000
|
! P,V KNOWN
!
141 IF(P.GT.Q(41))GO TO 45
CALL TSAT(P,TV)
CALL SPVOL(TV,P,VV)
[F(V-VV)44,44,45
! IF SATURATED
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!
45

!
!
!

44

42

43

T=TV
VL=1./DLIQ(T)
X=(V-VL)/(VV-VL)
DH=DHLAT(T,VV,VL,P)
CALL ENTHAL(HV,P,VV,T)
H=HV-(1.-X)*DH
DS=DH/T
CALL ENTROP(SV,T,VV)
S=SV-(1.-X)*DS
GO TO 1000
IF SUPERHEAT

X=1.5E+38
ITER=0
T1=Q(42)

XT=PR(T1,V)-P
ITER=ITER+1
DT=DPDT(T1,V)
T=T1-(XT/DT)
Z=ABS(T-T1)

TI=T

I[F(ITER.GT.IMAX) THEN
ERROR=.TRUE.
GO TO 43

ENDIF

IF(Z-.001)43,43,42

CONTINUE
CALL ENTHAL(H,P,V,T)
CALL ENTROP(S,T,V)
GO TO 1000

P,.X KNOWN

151 CALL TSAT(P,T)

!
!
!

VL=1/DLIQ(T)
CALL SPVOL(T,P,VV)
V=VV~(1.-X)*(VV-VL)
CALL ENTHAL(HV,P,VV,T)
DH=DHLAT(T,VV,VL,P)
H=HV-(1.-X)*DH

DS=DH/T

CALL ENTROP(SV,T,VV)
S=SV-(1.-X)*DS

GO TO 1000

T,H KNOWN

1161 IF(T.GT.Q(42))GO TO 61

PV=VPR(T)
CALL SPVOL(T,PV,VV)

CALL ENTHAL(HV PV VV.T)
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[F(H-HV)65,65,61

! FOR SUPERHEAT

61 X=1.5E+38
V=Q(43)
CALL SOLVE(T,H,V,THCON,TOL,IFLAG)
I[F(IFLAG.EQ.1) ERROR=.TRUE.
P=PR(T,V)
CALL ENTROP(S,T,V)
GO TO 1000

! IF SATURATED

65 VL=1/DLIQ(T)
P=PV
DH=DHLAT(T,VV,VL,P)
X=1.-(HV-H)/DH
V=VV-(1.-X)*(VV-VL)
DS=DH/T
CALL ENTROP(SV,T,VV)
S=SV-(1.-X)*DS
GO TO 1000

|

! T,S KNOWN

1

171 PV=VPR(T)
CALL SPVOL(T,PV,VV)
CALL ENTROP(SV,T,VV)
IF(S-SV)75,75,71

! FOR SUPERHEAT

71 X=1.SE+38
V=VV
CALL SOLVE(T,S,V,TSCON,TOL,IFLAG)
IF(IFLAG.EQ.1) ERROR=.TRUE.
P=PR(T,V)
CALL ENTHAL(H,P,V,T)
GO TO 1000

75 VL=1./DLIQ(T)
P=PV
DH=DHLAT(T,VV,VL,P)
DS=DH/T
X=1.-(SV-S)/DS
V=VV-(1.-X)*(VV-VL)
CALL ENTHAL(HV,P,VV,T)
H=HV-(1.-X)*DH
GO TO 1000

]

! S,VKNOWN

I

181 T=500.
CALL SOLVE(V,S,T,SVCON,TOL,IFLAG)
IF(IFLAG.EQ.1) ERROR=TRUE.
P=PR(T,V)
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CALL ENTHAL(H,P,V,T)
X=1.5E+38
GO TO 1000

1

! X,VKNOWN

!

191 T=500.
CALL SOLVE(X,V,T,XVCON,TOL,IFLAG)
IF(IFLAG.EQ.1) ERROR=TRUE.
P=VPR(T)
CALL SPVOL(T,P,VV)
VL=1./DLIQ(T)
DH=DHLAT(T,VV,VL,P)
CALL ENTHAL(HV,P,VV,T)
H=HV-(1.-X)*DH
DS=DH/T
CALL ENTROP(SV,T,VV)
S=EV-(1.-X)*DS
GO TO 1000

|

' §,XKNOWN

!

201 T=500.
CALL SOLVE(X,S,T,SXCON,TOL,IFLAG)
IF(IFLAG.EQ.1) ERROR=TRUE.
P=VPR(T)
CALL SPVOL(T,P,VV)
VL=1./DLIQ(T)
V=VV-(1.-X)*(VV-VL)
CALL ENTHAL(HV,P,VV,T)
DH=DHLAT(T,VV,VL,P)
H=HV-(1.-X)*DH
GO TO 1000

|

! HXKNOWN

!

211 T=500.
CALL SOLVE(X,H,T, HXCON,TOL,IFLAG)
IF(IFLAG.EQ.1) ERROR=TRUE.
P=VPR(T)
CALL SPVOL(T,P,VV)
VL=1./DLIQ(T)
V=VV-(1.-X)*(VV-VL)
DS=DHLAT(T,VV,VL.P)T
CALL ENTROP(SV,T,VV)
S=SV-(1.-X)*DS
GO TO 1000

1 A

! P,SKNOWN

1
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221 IF(P.GT.Q(41))GO TO 15
CALL TSAT(P,TS)
CALL SPVOL(TS,P,VV)
CALL ENTROP(SV,TS,VV)
IF(S-SV)18,18,15
! FOR SATURATED
18 T=TS
P=VPR(T)
VL=1./DLIQ(T)
DH=DHLAT(T,VV,VL,P)
DS=DH/T
X=1.-(SV-S)/DS
V=VL+X*(VV-VL)
CALL ENTHAL(HV,P,VV,T)
H=HV-(1.-X)*DH
GO TO 1000
15 X=1.5E+38
T=Q(42)
CALL SOLVE(P,S,T,PSCON,TOL,IFLAG)
IF(IFLAG.EQ.1) ERROR=TRUE.
CALL SPVOL(T,P,V)
CALL ENTHAL(H,P,V,T)
GO TO 1000
|
! P,HKNOWN
1
231 IF(P.GT.Q(41))GO TO 12
CALL TSAT(P,TS)
CALL SPVOL(TS,P,VV)
CALL ENTHAL(HV,P,VV,TS)
IF(H-HV)11,11,12
| IF SATURATED
11 T=TS
P=VPR(T)
VL=1./DLIQ(T)
DH=DHLAT(T,VV,VL,P)
DS=DH/T
X=1.-(HV-H)/DH
V=VL+X*(VV-VL)
CALL ENTROP(SV,T,VV)
S=SV-(1.-X)*DS
GO TO 1000
| IF SUPERHEAT
12 X=1.5E+38
T=Q(42)
CALL SOLVE(P,H,T,PHCON,TOL.IFLAG)
[F(IFLAG.EQ.1) ERROR=TRUE.
CALL SPVOL(T,P,V)
CALL ENTROP(S,T,V)
GO TO 1000
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|
| H,S KNOWN
!
241 T=460.
P=100.0
CALL HSCON(T,P,H,S,F,G)
ENORM=F*F+G*G
ITER=0
95 ITER=ITER+1
TOLD=T
POLD=P
FOLD=F
GOLD=G
T=TOLD+AMAX1(0.001,0.001*TOLD)
P=POLD+AMAX1(0.001,0.001*POLD)
CALL HSCON(T,POLD,H,S,F,G)
DFDT=(F-FOLD)/(T-TOLD)
DGDT=(G-GOLD)/(T-TOLD)
CALL HSCON(TOLD,P,H,S,F,G)
DFDP=(F-FOLD)/(P-POLD)
DGDP=(G-GOLD)/(P-POLD)
IF(ABS(DFDT*DGDP).GT.1.E-06 .OR. ABS(DGDT*DFDP).GT.1.E-06) THEN
DP=2.*(FOLD*DGDT-GOLD*DFDT)/(DFDT*DGDP-DGDT*DFDP)
DT=2.*(GOLD*DFDP-FOLD*DGDP)/(DFDT*DGDP-DGDT*DFDP)
ELSE
DP=0.
DT=0.
ENDIF
J=0
ELAST=ENORM
98 J=J+1
DP=DP/2.
DT=DT/2.
P=AMAX1(AMIN1(POLD+DP,Q(41)),1.E-06)
T=AMAX1(AMIN1(TOLD+DT,Q(42)),1.E-06)
CALL HSCON(T,P,H,S,F,G)
ENORM=F*F+G*G
IF(ENORM.GT.ELAST .AND. J.LT.JMAX) GO TO 98
Z1=ABS(P-POLD)
Z2=ABS(T-TOLD)
IF(ITER.GT.IMAX) THEN
ERROR=.TRUE.
GO TO 96
ENDIF
IF(Z1-.001)96,96,95
96 IF(Z2-.001)97,97,95
97 CONTINUE
CALL SPVOL(T,P,V)
X=1.5E+38
GO TO 1000
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1000 CONTINUE
U=H-P*V*(144./778.)
CALL VISCON(T,X,MU K)
T=T-Q(44)
IF(ERROR) WRITE(LUW,1001) ITYPE,T,P,H,S,X,V
1001 FORMAT(' ** WARNING - SOLUTION DID NOT CONVERGE **/4X,
TTYPE="12, T,P,H,S,X, V=,
3(1X,1PE11.3)/33X,3(1X,1PE11.3))
IF (UNITS.EQ.'SI') CALL CONVERT(V,T,P,H,S,X,U,MU,K)
RETURN
END

! SUBROUTINE FOR FINDING SPECIFIC VOLUME

SUBROUTINE SPVOL(TA,PA,VA)
DIMENSION Q(71)
COMMON /CONST/ Q
DATA IMAX/50/
R=Q(14)
V1=(R*TA)/PA
ITER=0
5 X=PR(TA,V1)-PA
ITER=ITER+1
DX=DPDV(TA,V1)
VA=V1-(X/DX)
Z=ABS(VA-V1)
V1=VA
[F(ITER.GT.IMAX) THEN
WRITE(LUW,1001) TA,PA,VA,Z
RETURN
ENDIF
IF(Z-.0001)10,10,5
10 CONTINUE
1001 FORMAT(' ** WARNING - SUBROUTINE SPVOL, SOLUTION DID NOT
CON',
'VERGE **/4X,'T, P, V, ABS(V-VLAST) = "',4(1X,1PE11.3))
RETURN
END
|
| SUBROUTINE FOR FINDING ENTHALPY
I
SUBROUTINE ENTHAL(H,P,V,T)
DIMENSION Q(71)
COMMON /CONST/ Q
XJ=0.185053
T2=T**2/2.0
T3=T**3/3.0
T4=T**4/4.0
VB=AMAX1(AMIN1(V-Q(15),1.E+05),1.E-05)
VB2=VB**2*2.0
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VB3=VB**3*3.0
VB4=VB**4*4.0
XKT=Q(31)*T/Q(42)

EKT=EXP(-XKT)
AV=Q(32)*V

! AVOID DIVIDING BY ZERO
IF(AV.EQ.0.0 .OR. ABS(AV).GT.30.) GO TO 105
EAV=EXP(AV)

IF(Q(33).EQ.0.0)GO TO 100
CLN=Q(33)*(ALOG(1.0+(1.0/(Q(33)*EAV))))
GO TO 110

100 CLN=0.0
GO TO 115

105 EAV=0.0
RX=0.0
RZ=0.0
CLN=0.0
GOTO 115

110 RX=(Q(28)/Q(32))*(1.0/EAV-CLN)
RZ=Q(30)/(Q(32)*EAV)-Q(30)*CLN/Q(32)

115 HI1=Q(34)*T+Q(35)*T2+Q(36)*T3+Q(37)*T4-Q(38)/(4.0%T2)+XI*P*V
H2=XJ*(Q(16)/VB+Q(19)/VB2+Q(22)/VB3+Q(25)/VB4+RX)
H3=XJ*(Q(18)/VB+Q(21)/VB2+Q(24)/VB3+Q(27)/VB4+RZ)*(1.0+XKT)*EKT
H=H1+H2+H3+Q(39)

RETURN
END

! SUBROUTINE FOR FINDING ENTROPY

SUBROUTINE ENTROP(S,T,V)

DIMENSION Q(71)

COMMON /CONST/ Q

XJ=0.185053

R=Q(14)

T2=T**2/2.0

T3=T**3/3.0

VB=AMAXI(AMIN1(V-Q(15),1.E+05),1.E-05)

VB2=2.0*VB**2

VB3=3.0*VB**3

VB4=4.0*VB**4

XKT=Q(31)*T/Q(42)

EKT=EXP(-XKT)

AV=Q(32)*V

[F(AV.EQ.0.0 .OR. ABS(AV).GT.30. .OR. Q(33).EQ.0.0)GO TO 100

EAV=EXP(AV)

CLN=Q(33)*ALOG(1.0+(1.0/(Q(33)*EAV)))

RX=(Q(29)/Q(32))*(1.0/EAV-CLN)

[F(CEN.GT.1.E-20) THEN
RZ=(Q(30)/Q(32))*EAV-Q(30)/(Q(32)*CLN)

ELSE
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RZ=0.
ENDIF
GO TO 110

100 RX=0.0
RZ=0.0
EAV=0.0
CLN=0.0

110 G=Q(18)/VB+Q(21)/VB2+Q(24)/VB3+Q(27)/VB4+RZ
S1=Q(34)* ALOG(T)+Q(35)* T+Q(36)*T2+Q(37)*T3-Q(38)/(2.0*T**2)
S2=XJ*R*ALOG(VB)
S3—-XJ*(Q(17)/VB+Q(20)/VB2+Q(23)/VB3+Q(26)/VB4+RX)
S4=((XJ*Q(31)*EKT)/Q(42))*G
S=S1+82+S3+84+Q(40)
RETURN
END

! SUBROUTINE FOR FINDING SATURATION TEMP AT A PRESSURE

SUBROUTINE TSAT(P,TS)
EXTERNAL PCON
DATA TOL/0.0001/

TS=500.
CALL SOLVE(0.,P,TS,PCON,TOL,IFLAG)
IF(IFLAG.EQ.1) WRITE(LUW,1001)
1001 FORMAT(' ** WARNING - SUBROUTINE TSAT, SOLUTION DID ',
'NOT CONVERGE **/4X,'P, T =',2(1X,1PE11.3))
RETURN
END

FUNCTION FOR FINDING LIQUID DENSITY AT A TEMPERATURE

FUNCTION DLIQ(T)

DIMENSION Q(71)

COMMON/CONST/Q

TTC=AMAXI(1.-T/Q(42),0.)

DLIQ=Q(1)+Q(2)*TTC**(1./3.)+Q(3)*TTC**(2./3.)+Q(4)*TTC
@ +Q(5)*TTC**(4./3.)+Q(6)*TTC**0.5+Q(7)*TTC**2.

RETURN

END

' FUNCTION FOR FINDING VAPOR PRESSURE

FUNCTION VPR(T)
DIMENSION Q(71)
COMMON/CONST/Q
[F(Q¢13)-T)701,701,702
701 PL=Q(8)+Q(9)/T+Q(10)*LOG10(T)+Q(11)*T
GO TO 703
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702 PL=Q(8)+Q(9)/T+Q(10)*LOGL10(T)+Q(11)*T+Q(12)*((Q(13)-T)/T)
@*LOG10(Q(13)-T)
703 VPR=10**PL
RETURN
END

! FUNCTION FOR FINDING LATENT HEAT OF VAPORIZATION

FUNCTION DHLAT(T,VG,VF,P)
DIMENSION Q(71)
COMMON/CONST/Q
XJ=0.185053
XLN10=2.302585093
XLOGE=0.4342944819
IF(Q(13)-T)711,711,712
711 E=Q(12)*(XLOGE/T)
GO TO 713
712 E=Q(12)*(XLOGE/T+Q(13)*LOG10(Q(13)-T)/T**2)
713 DHLAT=XJ*T*(VG-VF)*(P*XLN10*(-
Q(9)/T**2+Q(10)/(T*XLN10)+Q(11)-E))
RETURN
END
|
| FUNCTION FINDING PRESSURE
|
FUNCTION PR(T,V)
DIMENSION Q(71)
COMMON/CONST/Q
RI=Q(14)
EKT=EXP(-Q(31)*T/Q(42))
VB=AMAXI1(AMIN1(V-Q(15),1.E+05),1.E-05)
AV=Q(32)*V
IF(AV.EQ.0. .OR. ABS(AV).GT.30.) THEN
P5=0.
ELSE
EAV=EXP(AV)
P5=(Q(28)+Q(29)*T+Q(30)*EKT)/(EAV*(1.+Q(33)*EAV))
ENDIF
P1=(RI*T)/VB+HQ(16)+Q(17)*T+Q(18)*EKT)/VB**2
P2=(Q(19)+Q(20)*T+Q(21)*EKT)/VB**3
P3=(Q(22)+Q(23)*T+Q(24)*EKT)/VB**4
P4=(Q(25)+Q(26)* T+Q(27)*EKT)/VB**5
PR=P1+P2+P3+P4+P5
RETURN
END
|
| FUNCTION FOR FINDING DP/DV AT CONST T
|
FUNCTION DPDV(T,V)
DIMENSION Q(71)
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COMMON/CONST/Q
R=Q(14)
EKT=EXP(-Q(31)*T/Q(42))
VB=AMAXI1(AMIN1(V-Q(15),1.E+05),1.E-05)
AV=Q(32)*V
IF(AV.EQ.0. .OR. ABS(AV).GT.25.) THEN
RR=0.
ELSE
EAV=EXP(AV)
EAV2=EXP(2.0*AV)
RR=-(Q(32)*EAV+2.0*Q(32)*Q(33)*EAV2)/(EAV+Q(33)*EAV2)**2
ENDIF
DX 1=-R*T/VB**2-2.0%(Q(16)+Q(17)*T+Q(18)*EKT)/VB**3
DX2—3.0%(Q(19)+Q(20)*T+Q(21)*EKT)/VB**4
DX3=-4.0%(Q(22)+Q(23)*T+Q(24)*EKT)/VB**5
DX4=-5.0%(Q(25)+Q(26)*T+Q(27)*EKT)/VB**6
DX5=(Q(28)+Q(29)*T+Q(30)*EKT)*RR
DPDV=DX1+DX2+DX3+DX4+DX5
RETURN
END
|
! FUNCTION FINDING DP/DT AT CONST V
|
FUNCTION DPDT(T,V)
DIMENSION Q(71)
COMMON/CONST/Q
R=Q(14)
EKT=EXP(-Q(31)*T/Q(42))
VB=AMAXI1(AMIN1(V-Q(15),1.E+05),1.E-05)
AV=Q(32)*V
[F(AV.EQ.0. .OR. ABS(AV).GT.30.) THEN
TERM=0.
ELSE
EAV=EXP(AV)
TERM=(Q(29)-TTC*Q(30))/(EAV*(1.+Q(33)*EAV))
ENDIF
TTC=(Q(31)*EKT)/Q(42)
DT1=R/VBHQ(17)-TTC*Q(18))/VB**2
DT2=(Q(20)-TTC*Q(21))/VB**3
DT3=(Q(22)-TTC*Q(24))/VB**4
DT4=(Q(26)-TTC*Q(27))/VB**5+TERM
DPDT=DT1+DT2+DT3+DT4
RETURN
END

SUBROUTINE FILL(NREF)
INTEGER RTYPE(10)

DIMENSION R717(71),R11(71),R12(71),R13(71),R14(71),R22(71)
DIMENSION R114(71),R134a(71),R500(71),R502(71),Q(71)
COMMON /CONST/ Q
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DATA RTYPE/717,11,12,13,14,22,114,134,500,502/,NRTYPE/10/
DATA NCOEF/71/,LAST/0/

DATA R717/59.685,-240.50,600.64,-571.28,210.50,0.,0.,-6139.698,
. 1.6448E1,-0.0008494,3.170,0.,0.,0.63,1.0082E-2,-69.672,3.5956E-2,
.-1968.529,3.376,-1.3701E-3,128.141,-8.2319E-2,0.,0.,0.,
. 1.5469E-6,-4.6590E-2,0.,0.,0.,5.475,0.,0.,0.34322,-4. 586 7E-5,
. 2.8841E-7,-9.0245E-11,0.,406.728647,-1.02202503,1640,729.77,
. 0.06816,459.69,0.,2.,200.,1000.,3.6575E5,2.9975E4,1.2579E1,
.-7.0761E-3,240.,390.,2.0822E3,-1.3582E1,3.1014E-2,-2.437E-5,
. 2.,240.,900.,2.7287E-3,3.0187E-5,1.6195E-7,-6.3697E-11,244.,
. 406.,1.17130,-0.002315,0.,0./

DATA R11/34.57,57.63811,43.6322,-42.82356,36.70663,0.,0.,
.42.14702865,-4344.343807,-12.84596753,4.0083725E-03,0.0313605356,
. 862.07,0.078117,0.00190,-3.126759,1.318523E-03,-35.76999,
.-0.025341,4.875121E-05,1.220367,1.687277E-03,-1.805062E-06,

. 0.,-2.358930E-05,2.448303E-08,-1.478379E-04,1.057504E08,
.-9.472103E04,0.,4.50,580.,0.,0.023815,2.798823E-04,-2.123734E-07,

. 5.999018E-11,-336.80703,50.5418,-0.0918395,639.5,848.07,0.028927,

. 459.67,0.,1.,200.,380.,0.43547E-6,511.161 E-6,-50128.E-6,0.,
.230.,500.,17578.,-151.49,0.44774,-4 4568E-4,2.,270.,420.,
.0.00597101,2.28456E-5,0.,0.,165.,390.,0.86824485,-2.81E-4,0.,0./

DATA R12/34.84,53.341187,0.,18.69137,0.,21.98396,-3.150994,

. 39.88381727,-3436.632228,-12.47152228,4.73044244E-03,0.,0.,

. 0.088734,0.0065093886,-3.40972713,1.59434848E-03,-56.7627671,
. 0.0602394465,-1.87961843E-05,1.31139908,-5.4873701E-04,0.,0.,0.,
. 3.468834E-09,-2.54390678E-05,0.,0.,0.,5.475,0.,0.,8.0945E-03,

. 3.32662E-04,-2.413896E-07,6.72363E-11,0.,39.556551,
.-0.016537936,596.9,693.3,0.0287,459.7,0.,1.,250.,470.,

. 0.75309E-6,188.969E-6,-803.786E-6,0.,170.,340.,9621.3,-89.526,

. 0.28593,-3.0681E-4,1.,244.45,477.78,313.340951,2.96 7962841 ES5,

. 4.340553017E7,0.,144.,344,,0.1782729,-0.000366,0.,0./

DATA R13/36.06996,54.395124,0.,8.512776,0.,25.879906,9.589006,

. 25.967975,-2709.538217,-7.17234391,2.545154E-03,0.280301091,

. 546.0,0.102728,0.0048,-3.083417,2.341695E-03,-18.212643,0.058854,
. -5.671268E-05,.571958,-1.026061E-03,1.338679E-06,0.,5.290649E-06,
.-7.395111E-09,-3.874233E-05,7.378601E07,-7.435565E04,0.,4.0,625.,
. 0.,0.01602,2.823E-04,-1.159E-07,0.,0.,20.911,-0.05676,561.3,

. 543.62,0.02772,459.69,0.,0.,200.,300.,6152.7,-68.413,0.2656,
.-3.511E-4,1.,220.,423.,0.41108E-6,328.51E-6,-27963.E-6,1.,222.23,

. 533.34,394.5134982,1.679399269E5,4.243215045E7,0.,94.,270.,

. 0.1922843,-0.000522,0.,0./

DATA R14/39.06,69.568489,4.5866114,36.1716662,-8.058986,0.,0.,

. 20.71545389,-2467.505285,-4.69017025,6.4798076E-04,0.770707795,
.424.,0.1219336,0.0015,-2.162959,2.135114E-03,-18.941131,

. 4.404057E-03,1.282818E-05,0.539776,1.921072E-04,-3.918263E-07,
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. 0.,-4.481049E-06,9.062318E-09,-4.836678E-05,5.838823E07,
.-9.263923E04,0.,4.,661.199997,0.,0.0300559282,2.3704335E-04,
.-2.85660077E-08,-2.95338805E-11,0.,86.102162,0.36172528,543.16,
. 409.5,0.0256,459.69,0.,0.,-1.,0.,0.,0.,0.,0.,230.,500.,

. 0.64625E-6,103.E-6,-3.42714E-6,1.,2.,144.26,533.15,
.-0.006291594,7.40511E-5,0.,0.,140.,210.,0.2155348,0.000792,
.0.,0./

DATA R22/32.76,54.634409,36.74892,-22.2925657,20.4732886,0.,0.,
.29.35754453,-3845.193152,-7.8610322,2.1909390E-03,

. 0.445746703,686.1,0.124098,0.002,-4.353547,2.407252E-03,
.-44.066868,-0.017464,7.62789E-05,1.483763,2.310142E-03,

. -3.605723E-06,0.,-3.724044E-05,5.355465E-08,-1.84505 1 E-04,

. 1.363387E08,-1.672612E05,0.,4.2,548.2,0.,0.02812836,2.255408E-04,
.-6.509607E-08,0.,257.341,62.4009,-0.0453335,721.91,664.5,

. 0.030525,459.69,0.,0.,170.,360.,5765.2,-53.815,0.17657,

. -1.9663E-4,250.,440.,0.61943E-6,239.551E-6,-7605.74E-6,1.,2.,

. 233.,644.,-0.007,6.E-5,0.,0.,144.,340.,0.23530925,-0.0004¢5,

.0.,0./

DATA R114/36.32,61.146414,0.,16.418015,0.,17.476838,1.119828,
.27.071306,-5113.7021,-6.3086761,6.91003E-04,0.78142111,768.35,
. 0.062780807,0.005914907,-2.3856704,1.0801207E-03,-6.5643648,
. 0.034055687,-5.3336494E-06,0.16366057,-3.857481E-04,0.,0.,
. 1.6017659E-06,6.2632341E-10,-1.0165314E-05,0.,0.,0.,3.,0.,0.,
.0.0175,3.49E-04,-1.67E-07,0.,0.,25.3396621,-0.11513718,477 .2,
. 753.97,0.027531,459.69,0.,0.,170.,410.,36213.,-335.24,1.0344,
. -1.0556E-3,230.,500.,0.51357E-6,434.124E-6,-41996.E-6,1.,2.,
. 283.,673.,6.1999E-3,-3.6584E-5,1.9178E-7,-7.9248E-11,183.,

. 360.,0.14229215,-0.000261,0.,0./

DATA R134a/31.976,51.16709,63.90010,-72.21399,49.30054,0.,0.,
.-6.03623E3,1.64299E1,-1.61558E-3,2.78366,0.,0.,0.1051781,

. 0.005535127,-4.447446,0.002352,-131.4301,0.08630833,
.-2.961652E-5,3.856549,-0.1001713E-2,0.,0.,-1.063691E-6,

. 1.079076E-8,-0.3137839E-3,0.,0.,0.,5.475,0.,0.,0.02597217,

. 0.00033646,-9.37488E-8,0.,0.,50.373666,-0.094348,589.8,637.65,
. 0.03127346,459.68,0.,2.,280.,433.,-5.46570359E7,4.93532754ES5,
.-1.23854989E3,1.11163505,250.,355.,5663.5,-45.178,1.26 16E-1,
.-1.2065E-4,2.,250.,350.,29.742E-3,-0.17962E-3,0.42648E-6,0.,

. 293.,350.,0.2049,-0.000417438,0.,0./

DATA R500/31.0,43.562,74.709,-87.583,56.483,0.,0.,17.780935,
.-3422.69717,-3.63691,5.0272207E-04,0.4629401,695.57,0.10805,

. 0.006034229,-4.549888,2.308415E-03,-92.90748,0.08660634,
.-3.141665E-05,2.742282,-8.726016E-04,0.,0.,-1.375958E-06,
.9.149570E-09,-2.102661E-04,0.,0.,0.,5.475,0.,0.,0.026803537,

. 2.8373408E-04,-9.7167893E-08,0.,0.,46.4734,-0.09012707564,646.3,
. 681.59,0.032256,459.67,0.,0.,200.,370.,6595.3,-59.043,0.18478,
.-1.9714E-4,240.,390.,-2.22841E6,0.052918E6,-1.57563E1,2.,-1.,

1\,:-'.
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.-1.,-1.,-1,,-1,,-1.,-1.,290.,335.,0.1922211,-0.000394,0.,0./

!
DATA R502/35.0,53.48437,63.86417,-70.08066,48.47901,0.,0.,
. 10.64495494,-3671.15381257,-0.36983496,-0.0017463519,0.81611391,
. 654.,0.096125,0.00167,-3.2613344,0.0020576287,-24.24879,
. 0.034866748,-0.86791313E-05,0.33274779,-8.5765677E-04,
. 7.0240549E-07,0.022412368,8.8368967E-06,-7.9168095E-09,
.-3.7167231E-04,-3.8257766E07,5.5816094E04,1.5378377E09,4.2,609.,
. 7.E-07,0.020419,2.996802E-04,-1.409043E-07,2.210861E-11,0.,
. 35.308,-0.07444,591.,639.56,0.028571,459.67,0.,0.,200.,350.,
. 5897.9,-52.528,0.16488,-1.7785E-4,220.,390.,0.6997E-6,
. 192.77E-6,20.394E-6,1.,2.,228.,380.,-0.01118,1.25755E-4,
.-2.68221E-7,3.44533E-10,280.,320.,0.18100165,-0.000391,0.,0./

IGO=0
DO 5 I-1,NRTYPE
IGO=IGO+1
IF(NREF.EQ.RTYPE(IGO)) GO TO 100
5 CONTINUE
!
WRITE(LUW,11)
11 FORMAT(///' ** ERROR - NO PROPERTIES FOR THIS REFRIGERANT **)
STOP
1
100 IF(IGO.EQ.LAST) RETURN
LAST=IGO
GO TO (105,110,120,130,140,150,160,167,170,180) ,IGO
!
105 DO 108 T=1,NCOEF
Q(M)=R717(I)
108 CONTINUE
GO TO 500
!
110 DO 115 I=1,NCOEF
Q(D=RI11(D)
115 CONTINUE
GO TO 500
!
120 DO 125 I=1,NCOEF
Q(D)=RI12(I)
125 CONTINUE
GO TO 500
!
130 DO 135 I=1,NCOEF
Q(D=R13(I)
135 CONTINUE
GO TO 500
1 .
140 DO 145 I=1 NCOEF

Q(=RI4(I)
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145 CONTINUE
GO TO 500

|

150 DO 155 I=1,NCOEF
Q(D=R22(I)

155 CONTINUE
GO TO 500

!

160 DO 165 I=1,NCOEF
Q(D=R114(I)

165 CONTINUE
GO TO 500

!

167 DO 168 I=1,NCOEF
Q(D)=R134a(T)

168 CONTINUE
GO TO 500

!

170 DO 175 I=1,NCOEF
Q(D=R500(I)

175 CONTINUE
GO TO 500

!

180 DO 185 I=1,NCOEF
Q(I)=R502(1)

185 CONTINUE

!

500 CONTINUE
RETURN
END

SUBROUTINE SOLVE(Y1,Y2,XNEW,FUNC,TOL,IFLAG)
EXTERNAL FUNC
DATA IMAX/100/,JMAX/10/

IFLAG=0

Iterate using Newton's method with damping

- . e -

ITER=0
CALL FUNC(Y1,Y2,XNEW FNEW)

!
5 ITER=ITER+1
!
!
!

Determine numerical approximation to derivative
X=XNEW
F=FNEW
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XNEW=X+AMAX1(TOL,X*TOL)
CALL FUNC(Y1,Y2,XNEW,FNEW)
DFDX=(FNEW-F)/(XNEW-X)
DX=2.*F/DFDX

|

! Determine new guess but don't accept if there is an increase in
! the residual error ---> "damping”
1

J=0
40 CONTINUE
J=J+1
DX=DX/2.
XNEW=X-DX
CALL FUNC(Y1,Y2,XNEW FNEW)
IF(ABS(FNEW).GT.ABS(F) .AND. J.LT.JMAX) GO TO 40
70 CONTINUE
!
! Check for convergence
!
ERROR=ABS(DX/XNEW)
IF(ERROR.GT.TOL .AND. ABS(DX).GT.1.E-06
. .AND. ITER.LT.IMAX) GO TO 5

IF(ITER.EQ.IMAX) IFLAG=1
RETURN
END

SUBROUTINE THCON(T,H,V,F)

P=PR(T,V)

CALL ENTHAL(HNEW,P,V,T)
=HNEW-H

RETURN

END

SUBROUTINE TSCON(T,S,V.F)
CALL ENTROP(SNEW,T,V)
F=SNEW-S

RETURN

END

SUBROUTINE SVCON(V.S,T,F)
CALL ENTROP(SNEW,T,V)
F=SNEW-S

RETURN

END

SUBROUTINE XVCON(X,V.T,F)
P=VPR(T)
CALL SPVOL(T,P,VV)
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VL=1./DLIQ(T)
F=VV-(1.-X)*(VV-VL)-V
RETURN

END

SUBROUTINE SXCON(X,S,T,F)
P=VPR(T)

CALL SPVOL(T,P,VV)
VL=1./DLIQ(T)

CALL ENTROP(SVAP,T,VV)
DS=DHLAT(T,VV,VL.P)/T
F=SVAP-(1.-X)*DS-S

RETURN

END

SUBROUTINE HXCON(X,H,T,F)
P=VPR(T)

CALL SPVOL(T,P VV)
VL=1./DLIQ(T)

CALL ENTHAL(HV,P,VV,T)
F=HV-(1.-X)*DHLAT(T,VV,VL,P)-H
RETURN

END

SUBROUTINE PSCON(P,S,T,F)
CALL SPVOL(T,P,V)

CALL ENTROP(SNEW,T,V)
F=SNEW-S

RETURN

END

SUBROUTINE PHCON(P,H,T,F)
CALL SPVOL(T,P,V)

CALL ENTHAL(HNEW,P,V,T)
F=HNEW-H

RETURN

END

SUBROUTINE PCON(DUM,P,TF)
F=VPR(T)-P

RETURN

END

SUBROUTINE HSCON(T,P,H.S,F,G)
CALL SPVOL(T,P,V)

CALL ENTROP(SGUESS,T,V)
CALL ENTHAL(HGUESS,P,V,T)
F=SGUESS-S

G=HGUESS-H

RETURN
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END

SUBROUTINE VISCON(T,X,MU,K)
DIMENSION Q(71)

COMMON /CONST/ Q

REAL MUK

TK=T/1.8

IF (X.GE.1) THEN
MU=Q(49)+Q(50)*TK+Q(51)*TK**2+Q(52)*TK**3
MU=MU/1.E12
K=Q(62)+Q(63)*TK+Q(64)* TK**2+Q(65)* TK**3
RETURN

END IF

IF (X.LE.0) THEN
MU=Q(55)+Q(56)*TK+Q(57)* TK**2+Q(58)*TK**3
MU=MU/1.E6
K—Q(68)+Q(69)* TK+Q(70)* TK**2+Q(71)*TK**3
RETURN

END IF

MU=999.

K=999.

RETURN

END

SUBROUTINE CONVERT(V,T,P,H,S,X,U,C,K)
| IMPLICIT REAL*8 (A-H,0-Z)

REAL K
V = V*0.0624280
T = (T-32)*5./9.
P = P*6.8947E3
H = H*2.326
S = S*4.1868
U =U*2.326
RETURN
END

SUBROUTINE REVERT(V,T,P,H,S,X,U,C,K)
! IMPLICIT REAL*8 (A-H,0-Z)

REAL K
V =V*16.0185
T=T*9./5.+32.
P =P*1.45038E-4
H =H*0.429923
S =S5%0.238846
U = U*0.429923
RETURN
END
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NNAPAPTHMATA

ITAPAPTHMA 2. @ APXEIA EIX040Y KAI AIIOTEAEEMATQN

ITAPAPTHMA 2.1. TO APXEIO EIZOAOY AEAOMENQN (OPENING)

22 nrefitype of refrigerant

1.26 pol:polytropic index of compression

0.000013 svol:compressor swept volume

0.0 rvol:compressor clearance volume ratio

0.8 ccomp:compression volumetric coefficient

5.0 dtsh:evaporator outlet superheat

97. vneck:valve coefficient

22.00 tcal:inlet air temperature to condenser
0.219 xmc:air mass flow rate in condenser

L. cpc:specific heat of air in condenser[=]kJ/kgK
6.978 areac:surface area of condenser

0.47 xmev:air mass flow rate in evaporator

1. cpev:specific heat of air in evaporator[=]kJ/kgK
9.769 areaev:surface area of evaporator

ITAPAPTHMA 2.2. TO APXEIO TQN KYPIQON AIIOTEAEEZMATQN (APO)
ZTA 98 Hz LZYXNOTHTA LYMIIIEXTH

frequency= 98
teval qcond
-3, 3434
2. 3570
-1.  3.707
0. 3.845
1. 3.983
2. 4.122
3. 4261
4. 4401
5. 4541
6. 4.682
7. 4.824
8. 4966
9. 5.109
10. 5.252

0

COP tca2 teva2 pc eq pev eq  wcomp
3.481 38. -8.2 1663848.0 329202.8 .986
3.543 38. -7.5 1701296.0 333332.5 1.008
3.601 39. -6.7 1739449.0 337494.6 1.030
3.656 40. -5.9 1778316.0 341687.9 1.052
3.708 40. -5.2 1817922.0 345914.7 1.074
3.757 41. -4.4 1858258.0 350171.9 1.097
3.804 41, -3.7 1899371.0 354464.8 1.120
3.848 42. -2.9 1941224.0 358787.7 1.144
3.889 43. -2.2 1983894.0 363146.0 1.168
3.928 43. -1.4 2027331.0 3675359 1.192
3.965 44. -7 2071561.0 371959.1 1.217
3999 45. .1 2116678.0 376415.0 1.242
4,031 45. .8 2162537.0 380907.3 1.267
4,061 46. 1.6 2209256.0 385429.8 1.293
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IAPAPTHMATA

IIAPAPTHMA 2.3. TO APXEIO AIIOTEAEEMATQON ME TOYZ
LYNTEAEXTEX KAI TH MAZIKH ITAPOXH YYKTIKOY (SYNTELESTES),

xmf
012
012
012
.012
013
013
013
013
013
013
013
014
014
014

98 Hz
teval coefcl coefc2 coefev coefrcl coefrc2 coefairc coefrev coefaire
-3.0 0170654 0282785 .0318484 6641654 3.7912420 .0341540 6.8853820 .0354462
2.0 .0172225 .0282662 .0318695 .6770129 3.7794050 .0341540 6.9497950  .0354462
-1.0 .0173800 .0282535 .0318903 .6901536 3.7672750 .0341540 7.0144820 .0354462
0 .0175379 .0282403 .0319108 .7035981 3.7548480 .0341540 7.0794190 .0354462
1.0 .0176963 .0282268 .0319310 .7173650 3.7421260 .0341540 7.1446390 .0354462
2.0 .0178551 .0282129 .0319510 .7314599 3.7291070 .0341540 7.2100980 .0354462
3.0 .0180145 .0281986 .0319708 .7459129 3.7158000 .0341540 7.2758670  .0354462
4.0 .0181744 .0281840 .0319903 .7607219 3.7022180 .0341540 7.3418690  .0354462
5.0 .0183350 .0281689 .0320095 .7759246 3.6883280 .0341540 7.4081730 .0354462
6.0 .0184961 .0281534 .0320285 .7915213 3.6741690 .0341540 7.4747220  .0354462
7.0 .0186579 .0281375 .0320473  .8075370 3.6597480 .0341540 7.5415440 .0354462
8.0 .0188205 .0281211 .0320658 .8240072 3.6449660 .0341540 7.6086310 .0354462
9.0 .0189837 .0281044 .0320841  .8409289 3.6300310 .0341540 7.6760200 .0354462
10.0 .0191478 .0280872 .0321022 .8583368 3.6147840 .0341540 7.7436390 .0354462
TTIAPAPTHMA 3.
SYITKAIZH YIIOAOTIETIKOY. MONTEAQOY ME TA AEAOMENA
TOYKATAYXKEYAXTH
teval qcond real qcond model pc_eq real pc_eq model
(KW) (KW) (MPa) (MPa)
-3 3,560 3,434 1,580 1,664
-2 3,690 3,570 1,600 1,701
-1 3,820 3,/07 1,048 1,739
0 3,950 3,845 1,710 1,778
1 4,080 3,983 1,743 1,818
Z 4,210 4,122 1,790 1,858
3 4,340 4,201 1,838 1,899
4 4,470 4,401 1,885 1,941
5 4,600 4,541 1,933 1,984
6 4,730 4,682 1,980 2,027
7 4,860 4,824 2,028 2,072
h 4,990 4,966 2,075 2,117
9 5,120 5,109 2,123 2,163
10 5,250 5,252 2,170 2,209
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ITAPAPTHMATA

ITAPAPTHMA 4.

AIIOTEAEXMATA THX ITPOXOMOIQXHY

OEPMOKPAZIA IIEPIBAAAONTOX TEVA1=-3"C

freq|qcond | COP | tca2 |teval | pc_eq |pev_eq |wcomp| coefel | coefc2 | coefev | xmf |freq
Hz | KW 'C 'C MPa MPa KW | KW/ Cm" | KW/ Cm" | KW/'Cm’| Kg/s | Hz
40 |10,515(1,845| 24 | -3,5 | 1,029 | 0,506 | 0,279 | 0,013 0,028 0,029 (0,007| 40
45 10,809 (2,404 26 | -4 | 1,087 | 0,483 | 0,336 | 0,013 0,028 0,029 (0,008 45
50 | 1,096 (2,772 27 | -4,5 | 1,144 | 0,462 | 0,396 | 0,014 0,028 0,030 (0,009| 50
55 | 1,377 (3,019 28 | -5 | 1,201 | 0,443 | 0,456 | 0,014 0,028 0,030 [0,009| 55
60 | 1,648 |3,187| 30 | -5,4 | 1,257 | 0,425 | 0,517 | 0,015 0,028 0,031 (0,009| 60
651|191 | 33 | 31 |-58 1,313 | 0,409 | 0,579 | 0,015 0,028 0,031 [ 0,01 | 65
70 | 2,164 |3,376| 32 | -6,2 | 1,368 | 0,394 | 0,641 | 0,015 0,028 0,031 | 0,01 | 70
75 12,409 3,426 33 | -6,6 | 1,423 | 0,381 | 0,703 | 0,016 0,028 0,031 (0,011 75
80 |2,045(3,457| 34 | -7 | 1,476 | 0,368 | 0,765 | 0,016 0,028 0,031 [0,011] 80
85 |2,874|3,475| 35 | -7,4 | 1,530 | 0,356 | 0,827 | 0,016 0,028 0,032 [0,011( 85
90 (3,094 |3,483| 36 | -7,7 | 1,582 | 0,345 | 0,889 | 0,017 0,028 0,032 |0,011| 90
95 |3,309 (3,483 37 | -8 [1,633] 0,335 | 0,95 0,017 0,028 0,032 10,012 95
100 (3,516 3,479 38 | -8,3 | 1,684 | 0,325 | 1,011 | 0,017 0,028 0,032 {0,012{100
105 (3,717 3,47 | 39 | -8,6 | 1,734 | 0,317 | 1,071 | 0,017 0,028 0,032 10,012]105
1103,912 |3,458| 40 | -8,9 | 1,783 | 0,308 | 1,131 | 0,018 0,028 0,032 [0,013[110
115 (4,101 |3,444| 41 | 9,2 | 1,832 | 0,300 | 1,191 | 0,018 0,028 0,032 |0,013(115
120 | 4,286 |3,429] 42 | -9,5 | 1,880 | 0,293 | 1,25 0,018 0,028 0,032 (0,013} 120
OEPMOKPAZXIA IIEPIBAAAONTOZX TEVA1=-1"C
freq | qcond | COP | tca2 [teva2| pc eq | pev_eq|wcomp| coefel | coefc2 | coefev | xmf |freq
Hz | KW °C | °C | MPa | MPa KW |KW/Cm’|[KW/Cm’ [ KW/’Cm"| Kg/s | Hz
40 | 0,716 | 2,446 25 | -1,9 | 1,072 | 0,520 | 0,293 | 0,013 | 0,028 | 0,029 | 0,008 | 40
45 | 1,02 (2,891 | 27 | -2,4 | 1,133 | 0,496 | 0,353 | 0,013 | 0,028 | 0,030 [0,008| 45
50 | 1,317 |3,175| 28 | -2,9 | 1,193 | 0,475 | 0,415 | 0,014 | 0,028 | 0,030 [0,009| 50
55 | 1,604 | 3,358 | 29 | -3,4 | 1,253 | 0,455 | 0,478 | 0,014 | 0,028 | 0,030 [0,009| 55
60 | 1,883 |3,476( 31 | -3,9 | 1,312 | 0,437 | 0,542 | 0,015 | 0,028 | 0,031 | 0,01 | 60
65 | 2,151 3,55 | 32 | -43 | 1,371 0,420 | 0,606 | 0,015 | 0,028 | 0,031 | 0,01 | 65
70 | 2,41 |3,595| 33 | -4,7 | 1,429 | 0,405 | 0,67 | 0,016 | 0,028 | 0,031 | 0,01 | 70
75 | 2,661 | 3,62 | 34 |-51 | 1,486 | 0,390 | 0,735 | 0,016 | 0,028 | 0,031 |0,011(| 75
80 | 2,902 | 3,63 | 35 | -5,5] 1,543 | 0,377 0,8 0,016 | 0,028 | 0,031 |0,011| 80
85 | 3,136 | 3,63 | 36 | -5,8 | 1,598 | 0,365 | 0,864 | 0,017 | 0,028 | 0,032 (0,011 | 85
90 | 3,361 |3,622| 37 |-6,2 | 1,653 | 0,354 | 0,928 | 0,017 | 0,028 | 0,032 |0,012| 90
95 | 3,58 | 3,61 | 38 | -6,5| 1,707 | 0,343 | 0,992 | 0,017 | 0,028 | 0,032 |0,012| 95
100 | 3,791 | 3,594 | 39 | -6,8 | 1,761 | 0,334 | 1,055 | 0,017 | 0,028 | 0,032 |0,012| 100
105 | 3,996 | 3,576 | 40 | -7,1 | 1,813 { 0,324 | 1,118 |{ 0,018 | 0,028 | 0,032 (0,013 | 105
110 | 4,195 |3,556| 41 | -7,4 | 1,865 | 0,316 | 1,18 | 0,018 | 0,028 | 0,032 |0,013| 110
115 | 4,388 (3,534 42 | -7,7 | 1,916 | 0,308 | 1,242 | 0,018 | 0,028 | 0,032 | 0,013 | 115
120 | 4,576 |3,512| 43 | -8 | 1,966 | 0,300 | 1,303 | 0,018 | 0,028 | 0,032 |0,013| 120
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ITAPAPTHMATA

OEPMOKPAZXIA IIEPIBAAAONTOZX TEVA1=0°C

freq| qcond | COP | tca2 |teva2 | pc_eq | pev_eq | wecomp | coefcl | coefc2 | coefev | xmf |freq
Hz KW C ol MPa MPa KW  |[KW/Cm'|[KW/Cm*|KW/'Cm*| Kg/s | Hz
40 | 0,818 | 2,727| 26 | -1,1 | 1,095 | 0,527 0,3 0,013 | 0,028 | 0,029 |0,008| 40
45 | 1,127 | 3,118 27 | -1,6 | 1,156 | 0,503 | 0,361 | 0,014 | 0,028 | 0,030 | 0,008 | 45
50 | 1,427 |3,362| 29 | -2,1 | 1,218 | 0,481 | 0,425 | 0,014 | 0,028 | 0,030 |0,009| 50
55 | 1,719 3,516 | 30 | -2,6 | 1,279 | 0,461 | 0,489 | 0,015 | 0,028 | 0,030 |0,009| 55
60 2 |3611f 31 | -3,1 | 1,340 [ 0,442 | 0,554 | 0,015 | 0,028 | 0,031 | 0,01 | 60
65 | 2,272 | 3,667 | 32 | -3,5 | 1,401 | 0,425 0,62 0,015 | 0,028 | 0,031 | 0,01 | 65
70 | 2,534 [3,697| 34 | -3,9 | 1,460 | 0,410 | 0,686 | 0,016 | 0,028 | 0,031 |0,011| 70
75 | 2,787 [3,709| 35 | -4,3 | 1,519 | 0,395 | 0,751 | 0,016 | 0,028 | 0,031 |0,011| 75
80 | 3,032 (3,709 | 36 | -4,7 | 1,577 | 0,382 | 0,817 | 0,017 | 0,028 | 0,031 [0,011] 80
85 | 3,267 3,701 | 37 | -5,1 | 1,634 | 0,370 | 0,883 | 0,017 | 0,028 | 0,032 |0,012| 85
90 | 3,495 (3,687 38 | -5,4 | 1,690 | 0,358 | 0,948 | 0,017 | 0,028 | 0,032 [0,012] 90
95 | 3,716 | 3,668 | 39 | -5,8 | 1,745 | 0,348 | 1,013 | 0,017 | 0,028 | 0,032 |0,012| 95
100| 3,93 |3,647| 40 | -6,i | 1,800 | 0,338 | 1,077 | 0,018 | 0,028 | 0,032 | 0,012 100
105| 4,137 | 3,624 | 41 | -6,4 | 1,854 | 0,328 | 1,141 | 0,018 | 0,028 | 0,032 | 0,013 105
110 | 4,337 | 3,6 | 42 | -6,7 | 1,907 | 0,320 | 1,205 | 0,018 | 0,028 | 0,032 | 0,013| 110
115 4,533 |3,575| 43 | -6,9 | 1,959 | 0,311 1,268 | 0,018 | 0,028 | 0,032 |0,013| 115
120 4,722 | 3,55 | 44 | -7,2 | 2,011 | 0,304 1,33 0,019 | 0,028 | 0,032 | 0,013 120
OEPMOKPAZIA IIEPIBAAAONTOZL TEVA1=2"C
freq| qcond | COP | tca2 |teva2 | pc_eq | pev_eq | weomp | coefcl | coefc2 | coefev | xmf |freq
Hz | KW C 'C MPa MPa KW |KW/ Cm [KW/Cm’|[KW/Cm’| Kg/s | Hz
40 | 1,024 | 3,253 27 | 0,5 | 1,140 | 0,541 | 0,315 | 0,013 | 0,028 | 0,029 | 0,008 | 40
45 | 1,342 | 3,542 | 28 0 1,205 | 0,516 | 0,379 | 0,014 | 0,028 | 0,030 | 0,009 | 45
50 | 1,651 (3,712 30 | -0,6 | 1,270 | 0,493 | 0,445 | 0,014 | 0,028 | 0,030 |0,009| 50
55| 1,95 |3,809| 31 | -1,1 | 1,334 | 0,473 | 0,512 | 0,015 | 0,028 | 0,030 | 0,01 | 55
60 | 2,238 | 3,86 | 32 | -1,5 | 1,398 | 0,454 0,58 | 0,015 | 0,028 | 0,031 | 0,01 | 60
65 | 2,516 |3,882| 33 -2 | 1462 | 0436 | 0,648 | 0,016 | 0,028 | 0,031 | 0,01 | 65
70 | 2,784 [3,885| 35 | -2,4 | 1,524 | 0,420 | 0,717 | 0,016 | 0,028 | 0,031 |0,011] 70
75 | 3,043 [3,875| 36 | -2,8 | 1,586 | 0,405 | 0,785 | 0,017 | 0,028 | 0,031 |0,011| 75
80 | 3,292 |3,856| 37 | -3,2 | 1,647 | 0,392 | 0,854 | 0,017 | 0,028 | 0,031 |0,012| 80
85 | 3,533 (3,833 38 | -3,6 | 1,707 | 0,379 | 0,922 | 0,017 | 0,028 | 0,032 | 0,012 | 85
90 | 3,765 [3,805| 39 | -3,9 | 1,766 | 0,367 | 0,989 | 0,017 | 0,028 | 0,032 | 0,012 90
95 | 3,99 (3,776 40 | -4,2 | 1,824 | 0,356 | 1,057 | 0,018 | 0,028 | 0,032 | 0,012 | 95
100 | 4,208 |3,745| 41 | -4,6 | 1,881 | 0,346 | 1,124 | 0,018 | 0,028 | 0,032 | 0,013 | 100
105| 4,419 |3,714| 42 | -49 | 1,937 | 0,337 1,19 | 0,018 | 0,028 | 0,032 | 0,013 105
110 | 4,624 | 3,682 43 | -52 | 1,993 | 0,328 | 1,256 | 0,018 | 0,028 | 0,032 |0,013| 110
115 4,823 3,651 | 44 | -5,5 | 2,048 | 0,319 | 1,321 | 0,019 | 0,028 | 0,032 | 0,014 | 115
120 5,016 | 3,62 | 45 | -5,7 | 2,102 | 0,311 1,386 | 0,019 | 0,028 | 0,032 {0,014 120
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IAPAPTHMATA

OEPMOKPAZXIA [IEPIBAAAONTOX TEVA1=4°C

freq| qcond | COP | tca2 teval | pc_eq | pev_eq | wecomp | coefcl | coefc2 | coefev | xmf |freq
Hz KW G C MPa MPa KW [KW/Cm' | KW/ Cm*|[KW/Cm®| Kg/s | Hz
40 | 1,232 (3,732 28 | 2,1 | 1,186 | 0,556 | 0,33 | 0,014 | 0,028 | 0,029 [0,008 | 40
45 | 1,559 3,927 29 | 1,5 | 1,255 | 0,530 | 0,397 | 0,014 | 0,028 | 0,030 |0,009| 45
50 | 1,876 (4,028 | 31 1 1,323 | 0,506 | 0,466 | 0,015 | 0,028 | 0,030 [0,009| 50
55| 2,182 (4,074 32 | 0,5 | 1,391 | 0,485 | 0,536 | 0,015 | 0,028 | 0,030 | 0,01 | 55
60 | 2,478 4,086 | 33 0 | 1,458 | 0,465 | 0,606 | 0,016 | 0,028 | 0,031 | 0,01 | 60
65 | 2,762 (4,077 35 | -0,4 | 1,525 | 0,447 | 0,678 | 0,016 | 0,028 | 0,031 |0,011] 65
70 | 3,036 [4,054| 36 | -0,9 | 1,591 | 0,431 | 0,749 | 0,016 | 0,028 | 0,031 [0,011] 70
75 | 3,3 [4,024| 37 | -1,3 | 1,655 | 0,415 0,82 | 0,017 | 0,028 | 0,031 [0,011] 75
80 | 3,554 13,989 | 38 | -1,7 | 1,719 | 0,401 | 0,891 | 0,017 | 0,028 | 0,032 |0,012] 80
85| 3,8 |3951| 3% | -2 | 1,782 | 0,388 | 0,962 | 0,017 | 0,028 | 0,032 |0,012| 85
90 | 4,037 [3,911| 40 | -2,4 | 1,844 | 0,376 | 1,032 | 0,018 | 0,028 | 0,032 | 0,012 90
95 4,267 (3,872 41 | -2,7 | 1,905 | 0,365 | 1,102 | 0,018 | 0,028 | 0,032 |0,013| 95
100 | 4,489 | 3,832 42 | -3,1 | 1,965 | 0,355 | 1,171 | 0,018 | 0,028 | 0,032 | 0,013 100
105 | 4,704 | 3,793 | 43 | -3,4 | 2,024 | 0,345 1,24 | 0,019 | 0,028 | 0,032 | 0,013 105
110 | 4,913 |3,755| 44 | -3,7 | 2,083 | 0,336 | 1,308 | 0,019 | 0,028 | 0,032 |0,014| 110
115] 5,116 |3,717| 45 | -4 | 2,140 | 0,327 | 1,376 | 0,019 | 0,028 | 0,032 | 0,014 115
120 | 5,313 |3,681| 46 | -4,2 | 2,197 | 0,319 | 1,443 | 0,019 | 0,028 | 0,032 | 0,014 120
OEPMOKPAZIA IIEPIBAAAONTOZ TEVA1=6"C
freq| qcond | COP | tca2 |teval | pc_eq | pev_eq | wecomp | coefcl | coefc2 | coefev | xmf |freq
Hz KW *C (S MPa MPa KW  [KW/Cm*|[KWFCm®|[KW/"Cm*| Kg/s | Hz
40 | 1,442 | 4,168 | 29 | 3,7 | 1,234 | 0,570 | 0,346 | 0,014 | 0,028 | 0,029 | 0,008 | 40
45 | 1,778 | 4,277 | 30 | 3,1 | 1,306 | 0,544 | 0,416 | 0,014 | 0,028 | 0,030 |0,009| 45
50 | 2,104 {4,315 32 | 2,6 | 1,378 | 0,519 | 0,487 | 0,015 | 0,028 | 0,030 | 0,01 | 50
55 12417 (4,314 33 2 | 1,450 0,497 | 0,56 | 0,016 | 0,028 | 0,031 | 0,01 | 55
60 | 2,719 (4,289 34 | 1,6 | 1,521 | 0,477 | 0,634 | 0,016 | 0,028 | 0,031 [ 0,011 60
65 | 3,01 [4,252| 36 | 1,1 | 1,591 | 0,458 | 0,708 | 0,016 | 0,028 | 0,031 [0,011| 65
70 | 3,29 [4,206]| 37 | 0,7 | 1,660 | 0,441 | 0,782 | 0,017 | 0,028 | 0,031 [0,011| 70
75 | 3,559 4,158 38 | 0,2 | 1,728 | 0,426 | 0,856 | 0,017 | 0,028 | 0,031 (0,012| 75
80 | 3,819 (4,107 39 [ -0,1 | 1,795 | 0,411 0,93 | 0,017 | 0,028 | 0,032 (0,012 80
85 | 4,07 [4,056| 41 | -0,5 | 1,861 | 0,398 | 1,003 | 0,018 | 0,028 | 0,032 (0,012| 85
90 | 4,312 [4,006| 42 | -0,9 | 1,926 | 0,386 | 1,076 | 0,018 | 0,028 | 0,032 |0,013| 90
05 | 4,546 (3,057 43 | -1,2 | 1,989 | 0,374 | 1,149 | 0,018 | 0,028 | 0,032 |0,013| 95
100 | 4,772 13,909 44 | -1,6 | 2,052 | 0,363 | 1,221 | 0,019 | 0,028 | 0,032 | 0,013 | 100
105] 4,991 |3,863| 45 | -1,9 | 2,114 | 0,353 | 1,292 | 0,019 | 0,028 | 0,032 | 0,014 | 105
110 | 5,204 |3,819| 46 | -2,2 | 2,175 | 0,344 | 1,363 | 0,019 | 0,028 | 0,032 |0,014| 110
115] 5,411 |3,776 | 47 | -2,5 | 2,236 | 0,335 | 1,433 | 0,019 | 0,028 | 0,032 |0,014] 115
120 5,611 |3,735| 48 | -2,7 | 2,295 | 0,326 | 1,502 | 0,020 | 0,028 | 0,032 | 0,014 | 120
#
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IMAPAPTHMATA

@EPMOKPAXIA IIEPIBAAAONTOZ TEVA1=8'C

freq| gcond | COP | tca2 |teva2 | pc_eq | pev_eq | weomp | coefel | coefc2 | coefev | xmf |freq
Hz | KW iC 'E MPa MPa KW |KW/FCm |KWFCm’|[KW/ACm'| Kg/s | Hz
40 | 1,655 4,564 | 30 | 53 | 1,284 | 0,585 | 0,363 | 0,014 | 0,028 | 0,029 | 0,009 | 40
45 2 4,593 31 | 4,7 | 1,360 | 0,558 | 0,435 | 0,015 | 0,028 | 0,030 | 0,009 | 45
50 | 2,333 |4,574| 33 | 4,1 | 1,436 | 0,532 0,51 | 0,015 | 0,028 | 0,030 | 0,01 | 50
55 | 2,654 |4,529| 34 | 3,6 | 1,511 | 0,510 | 0,586 | 0,016 | 0,028 | 0,031 | 0,01 | 55
60 | 2,963 |4,472| 36 | 3,1 | 1,585 | 0,489 | 0,663 | 0,016 | 0,028 | 0,031 |0,011| 60
65 | 3,26 |4,408| 37 | 2,6 | 1,659 | 0,470 | 0,739 | 0,017 | 0,028 | 0,031 [0,011| 65
70 | 3,546 |4,343| 38 | 2,2 | 1,731 | 0,452 | 0,816 | 0,017 | 0,028 | 0,031 [0,012| 70
75 | 3,821 |4,277| 39 | 1,8 | 1,802 | 0,436 | 0,893 | 0,017 | 0,028 | 0,031 [0,012] 75
80 | 4,086 |4,212| 41 14 | 1,873 | 0,421 0,97 | 0,018 | 0,028 | 0,032 |0,012| 80
85 | 4,341 | 4,15 | 42 1 1,942 | 0,408 | 1,046 | 0,018 | 0,028 | 0,032 | 0,013 | 85
90 | 4,588 | 4,09 | 43 | 0,6 | 2,010 | 0,395 | 1,122 | 0,018 | 0,028 | 0,032 |0,013| 90
95 | 4,827 [4,032| 44 | 0,3 | 2,077 | 0,383 | 1,197 | 0,019 | 0,028 | 0,032 |0,013] 95
100 | 5,057 |3,977| 45 | -0,1 | 2,143 | 0,372 | 1,272 | 0,019 | 0,028 | 0,032 | 0,014 | 100
105 5,281 [3,925| 46 | -0,4 | 2,208 | 0,362 | 1,346 | 0,019 | 0,028 | 0,032 | 0,014 | 105
110| 5,498 3,875| 47 | -0,7 | 2,272 | 0,352 | 1,419 | 0,019 | 0,028 | 0,032 [0,014| 110
115 5,708 |3,828 | 48 -1 [ 2,335] 0,343 | 1,491 | 0,020 | 0,028 | 0,032 |0,015| 115
120 | 5,913 3,782 49 | -1,3 | 2,397 | 0,334 | 1,563 | 0,020 | 0,028 | 0,032 [0,015] 120

OEPMOKPAXIA IIEPIBAAAONTOX TEVA1=10°C

freq| qcond | COP | tca2 | teva2 | pc_eq | pev_eq | wcomp | coefcl | coefc2 | coefev | xmf |freq
Hz | KW C C MPa MPa KW |KW/ Cm |[KW/Cm?|KW/'Cm?| Kg/s | Hz
40 | 1,869 4,922 | 31 | 6,8 | 1,336 | 0,600 0,38 | 0,014 | 0,028 | 0,029 |0,009| 40
45 | 2,223 14,878 | 32 | 6,2 | 1,416 | 0,572 | 0,456 | 0,015 | 0,028 | 0,030 |0,009| 45
50 | 2,564 (4,807 34 | 57 | 1,495 | 0,546 | 0,533 | 0,016 | 0,028 | 0,030 | 0,01 | 50
552,893 [4,723| 35 | 5,1 | 1,574 | 0,522 | 0,612 | 0,016 | 0,028 | 0,031 |0,011| 535
60 | 3,208 |4,636| 37 | 4,6 | 1,652 | 0,501 | 0,692 | 0,017 | 0,028 | 0,031 [0,011| 60
65 | 3,512 |14,549| 38 | 4,2 | 1,729 | 0,481 | 0,772 | 0,017 | 0,028 | 0,031 | 0,012 | 65
70 | 3,804 |4464| 39 | 3,7 | 1,805 | 0,463 | 0,852 | 0,017 | 0,028 | 0,031 [0,012| 70
75 | 4,084 4,383 | 41 | 3,3 | 1,880 | 0,447 | 0,932 | 0,018 | 0,028 | 0,032 |0,012| 75
80 | 4,354 {4305 42 | 29 | 1,954 | 0,432 | 1,011 | 0,018 | 0,028 | 0,032 |0,013| 80
85 | 4,615 |4,232| 43 | 2,5 | 2,026 | 0,418 1,09 | 0,018 | 0,028 | 0,032 [ 0,013 85
90 | 4,867 |4,163| 44 | 2,1 | 2,098 [ 0,405 | 1,169 | 0,019 | 0,028 | 0,032 [ 0,013 90
95 | 5,11 |4,098| 45 | 1,8 | 2,168 | 0,392 | 1,247 | 0,019 | 0,028 | 0,032 | 0,014 | 95
100 | 5,345 4,037 46 | 1,4 | 2,237 | 0,381 1,324 | 0,019 | 0,028 | 0,032 | 0,014 | 100
105 5,573 13,979 47 | 1,1 | 2,305 | 0,370 | 1,401 | 0,020 | 0,028 | 0,032 | 0,014 105
110 | 5,794 (3,924 | 48 | 0,8 | 2,372 | 0,360 | 1,476 | 0,020 | 0,028 | 0,032 |0,015| 110
115 6,008 [3,872| 49 | 0,5 | 2,438 | 0,351 | 1,552 | 0,020 | 0,028 | 0,032 |0,015] 115
120 | 6,216 |3,823| 50 | 0,2 | 2,503 | 0,342 | 1,626 | 0,020 | 0,028 | 0,032 | 0,015| 120
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ITAPAPTHMATA

ITAPAPTHMA 5.

EAETXOXZ AIIOAOZHZX YIIO AIAPOPETIKEYX XYNOHKEX

ITAPAPTHMA 5.1. BEATIQXH TOQN XYNTEAEITON METAAOXIHX
OEPMOTHTAX AIIO THN ITAEYPA TOY AEPA

T |[Freq ho/ qcond qcond/ cop COP/
(C) | (Hz) | ho baseline| (KW) |qcond baseline COP baseline
-1 | 98 1 3,772 1,000 3,664 1,000
-1 98 2 5,156 1,367 4,813 1,314
-1 98 3 5,896 1,563 3,345 1,459
-1 98 5 0,298 1,749 3,796 1,582
-1 98 3 6,989 1,853 0,025 1,644
- 98 10 1,103 1,883 6,090 1,662
-1 98 15 1,230 1,917 0,163 1,082
-1 98 20 1,279 1,930 6,192 1,690
-1 98 25 7,303 1,930 0,207 1,694
-1 98 30 7,316 1,940 0,216 1,697
5| 98 1 4,623 1,000 3,958 1,000
. 98 2 0,376 1,379 5,189 1,311
G’ 98 3 7,316 1,583 5,/44 1,451
57 98 5 8,21 1,776 6,202 1,567
S 98 3 8,704 1,883 0,431 1,625
S 98 10 8,84/ 1,914 0,495 1,641
J 98 15 9,003 1,947 6,567 1,659
> 98 20 9,061 1,960 6,596 1,666
d 98 25 9,09 1,966 6,011 1,670
b} 98 30 9,105 1,970 6,620 1,673
10 | 98 1 5,348 1,000 4,134 1,000
10| 98 2 7,416 1,38/ 5,403 1,307
10| 98 3 8,529 Lo 5,961 1,442
10] 98 5 9,588 1,793 0,415 1,952
107 98 8 10,171 1,902 6,638 1,606
10| 98 10 10,337 1,933 6,700 1,621
10] 98 15 10,517 1,967 6,771 1,638
10 ] 98 20 10,583 1,379 0,300 1,645
10] 98 25 10,615 1,985 0,815 1,649
10] 98 30 10,632 1,988 0,524 1,651
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IHAPAPTHMATA

IIAPAPTHMA 5.2. AAAATH IZXYOX TQN ANEMIXTHPQN

T | Freq | uaircon | uaircon/ | uairev | uairev/ | qecond | gcond/ | COP | COP/
(C) | (Hz) | (Kg/s) | uaircon | (Kg/s) | uairev | (KW) | qcond coprp
baseline baseline baseline baseline
-1 45 0,05475 025 01175 025 0,582 0,571 1,578 0,546
-1 45  0,1095 0,5 0,235 0,5 0,752 0,737 2,096 0,725
-1 45 0,219 1 0,47 | 1,02 1,000 2,891 1,000
-1 45 0,438 2 0,94 2 1,411 1,383 4,042 1,398
-1 45 0,657 3 1,41 3 1,702 1,669 4,902 1,696
-1 45 0,876 4 1,88 4 1,938 1,900 5,596 1,936
-1 80 0,05475 0,25 0,1175 0,25 1,57 0,541 1,766 0,487
-1 80 0,1095 0,5 0,235 0,5 2,072 0,714 2,492 0,687
-1 80 0,219 1 0,47 1 2,902 1,000 3,63 1,000
-1 80 0,438 2 0,94 2 4,166 1,436 5331 1,469
-1 80 0,657 3 1,41 3 5,148 1,774 6,639 1,829
-1 80 0,876 4 1,88 4 5963 2,055 7,716 2,126
-1 100 0,05475 025 00,1175 0,25 2,089 0,551 1,729 0,481
-1 100 0,1095 0,5 92,235 0,5 2,718 0,717 2,454 0,683
-1 100 0,219 1 0,47 1 3,791 1,000 3,594 1,000
-1 100 0,438 2 0,94 2 5451 1,438 5308 1,477
-1 100 0,657 3 1,41 3 6,756 1,782 6,633 1,846
-1 100 0,876 4 1,88 4 7,849 2,070 7,728 2,150
5 45 005475 025 01175 0,25 0,854 0,512 1975 0,481
5 45 0,1095 0,5 0,235 0,5 1,171 0,702 2,812 0,685
5 45 0,219 1 0,47 1 1,669 1,000 4,106 1,000
5 45 0,438 2 0,94 2 2,396 1,436 5996 1,460
5 45 0,657 3 1,41 3 2942 1,763 7,415 1,806
5 45 0,876 4 1,88 4 3,383 2,027 8,561 2,085
5 80 005475 025 01175 0,25 1,941 0,527 1,88 0,464
5 80 0,1095 0,5 0,235 0,5 2,597 0,705 2,723 0,673
5 80 0219 1 0,47 1 3,686 1,000 4,049 1,000
5 80 0438 2 0,94 2 5351 1,452 6,037 1,491
5 80 0,657 3 1,41 3 6,647 1,803 7,564 1,868
5 80 0876 4 1,88 4 7,725 2,096 8822 2,179
5 100 0,05475 025 01175 0,25 2,513 0,543 1,796 0,464
5 100 10,1095 0,5 0,235 0,5 329 0,711 2,602 0,672
5 100 0,219 1 0,47 1 4,63 1,000 3,872 1,000
5 100 0,438 2 0,94 2 6,71 1,449 5782 1,493
5 100 0,657 3 1,41 3 8,348 1,803 7,256 1,874
5 100 0,876 4 1,88 4 9,723 2,100 8472 2,188
10 45 0,05475 0,25 0,1175 0,25 1,09 0490 2215 0,454
10 45  0,1095 0,5 0,235 0,5 1,531 0,689 3,257 0,668
10 45 0,219 1 0,47 1 2,223 1,000 4,878 1,000
10 45 0,438 2 0,94 2 3,238 1457 7,257 1,488
10 45 0,657 3 1,41 3 4,002 1,800 9,049 1,855
10 45 0,876 4 1,88 4 4,621 2,079 10,499 2,152
10 80 0,05475 025 0,1175 0,25 2,266 0,520 1,943 0,451
10 80 0,1095 0,5 0,235 0,5 3,047 0,700 2,86 0,064
10 80 0,219 1 0,47 1 4,354 1,000 4,305 1,000
10 80 0,438 2 0,94 2 6,357 1460 6473 1,504
10 80 0,657 3 1,41 3 7,92 1,819 8,138 1,890
10 80 0,876 4 1,88 4 9,222 2,118 9,508 2,209
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IMMAPAPTHMATA

10 100 0,05475 025 01175 025 2,885 0,540 1,83 0,453
10 100 10,1095 0,5 0,235 0,5 3,783 0,708 2,686 0,665
10 100 0,219 1 0,47 1 5345 1,000 4,037 1,000

10 100 0,438 2 0,94 2 7,777 1455 6,068 1,503
10 100 0,657 3 1,41 3 9,608 1814 7632 1,891
10 100 0,876 4 1,88 4 11,311 2,116 892 2210

ITAPAPTHMA 6.

ZTOIXEIA TIA THN KAIMATIZTIKH  MONAAA TOY
EPIAXTHPIOY ®YZIKQN & XHMIKQN AIEPITAXIQN
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w S22

Functions

Indoor Unit

- ——

= L i il

FOR ALL OPERATIONS

5]
}—l Power Switch OFF / ON © | [——LPower Monitor Display X o

i i * Lights up during compressor operation.
OFF /1 ON
——— Automatic Operation Switch |

4 * Used when the remote control cannot be | Opsration lode : |
! a used. g * Automatic, Heating, Cooling, Soft Dry and
=i | Fan Operation.

Remote Control Signal Receiving

L
-

: Sound Control OFF/ON % —— Automatic Restart Control 3 |
oo 3 * It can be controlled by pressing Automatic * Operation is restarted after power failure at
l W Operation Switch for 10 seconds. previous setting mode.
§ 4 TEST RUN
* —|°F”°" Test Run Operation | —— Sleep Operation Mode

+ Used when test running or servicing.

« Compressor operation: rated frequency
Cooling: 72Hz (CS-GIOKE), 78Hz (CS-G120KE) ——— Timer Operation X
Heating: 92Hz (CS-GS0KE), 98Hz (CS-G120KE)

‘———{ Operation Indication Lamps | —— Powerful Mode %
* POWER (Red) - Lights up in operation, = For quick cooling or heating
blinks in Automatic
Operation judging and .
Hot Start operation. -—| Indoor Fan Speed Control %
* TIMER (Orange) — Lights up in Timer
Setting.
g:',r:;'." Self Diagnosia —| Airflow Direction Control %
* SLEEP (Orange) — Lights up in Sleep Mode
Operation.
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| Product Specifications

Esin.

Unit CS-G120KE | CU-G120KE _Tares
i ) kW 3.45 (1.06 - 3.85) : “’@ﬁ
i Cooling Capacity Btuh 11,700 (3,600 - 13,100) . -TEBEES
u . . kW 4.80 (0.98 - 6.10) =TT
i Heating Capacity Btuh 16.300 (3,300 - 20,800) o
t/h 2.0 . 3
] Moisture Remaoval Pinth 42 e athe <
¢ Power Source I lm\f 5'2":'%9 .*: 2’%-.
; Cycle 50 e
' Airflow Method OUTLET TOPVIEW . =
J—— 4 |
INTAKE b k
ADe. ; <3
Air Volume i Cooling ; 7.4 (261) a E
o | Indoor Air (Lo) m¥min (cfm) Heating ; 7.6 (268) S
F8 . . Cooling ; 8.1 (286) - -
. i Wdoor AN (Me) friTnin (Shn) Heating ; 8.3 (293)
i Indoor Air (Hi Cooling ; 9.3 (328) a 3
;o | i MRl ety Heating : 9.8 (346)
a- ! Dutdoor Air m¥min (ctm) - 26.4 (930) i
; : Cooling ; High 41, Low 37 Cooling ; 49 .
b | Mok Lavy dB (A) Heating ; High 41, Low 37 Heating:51
: P Electrical KW Cooling ; 1.24 (0.355 - 1.53)
. ﬁ Data Input Heating ; 1.70 (0.34 - 2.10)
! : '. ] Cooling ; 5.5 (max. 6.7) )
| 1 | l ; Running Current A Heating ; 7.5 (max. 9.1)
Cooling ; 2.8
R - . w [
L [ 2 oer N Heating ; 2.9
. B8 . Starting Current A - 8.1 —
: = Piping Connection Port inch G ; Half Union 172" G; 3-wayvalve 12
<3 | (Flare piping) : inch L ; Half Union 1/4* L ; 2-way valve 1/4" :
‘ N Pipe Size inch G (gas side) ; 1/2" G (gas side) ; 1/2°
- (Flare pipigg_) inch L (liquid side) ; 1/4" L (liquid side) ; 1/4*
|} . { Urain | Inner diameter mm 12 =
Hose Length m 0.7 =
% Power Cord Length 21m -
Number of core-wire 3 core wires x 1.5 mm? =
Dimensions Height inch (mm) 11-7/16 (290) 19-29/32 (505)
Width inch (mm) 31-15/32 (799) 30-23/32 (780)
Depth inch {(mm) 6-29/32 (175) 9-21/32 (245)
Net Weight Ib (ka) 18 (8.0) 92 (42) oy
Compressor Type = Rotary (1 cylinder) —
rolling piston type
| Motor  Type = Induction (2-poles)
Rated  Qutput w s 650
Type Cross-flow Fan Propeller Fan
Air Circulation Material AS + Glass Fiber 30% AES + Glass Fiber 12%
Motor  Type Transistor (4-poles) Induction (6-poles)
- Input w = 70
L Hated Output W 20 30
Fan Low rpm 1,200 -
Speed | Medium pm 1,310 =
High (Heating) rem 1,500 (1.550) 780
\ ) -0 -
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Product Specifications
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Unit CS-G120KE CUGIZ0KE 3¢}
Heat Description Evaporator Condenser @'}
Exchanger Tube material Copper Copper - =se;|.
| Fin material Aluminium Aluminium __ #I%f
| Fin Type Slit Fin Corrugated Fin_ =x4;
Row / Stage (Plate fin configuration, forced draft) '
2112 2119
FPI 21 17
Size (W xHxL) mm 600 x 252 x 25.4 646.2 x 482.6 x 44
Refrigerant Control Device - Capillary Tube !
Refrigeration Oil (c.c) = i‘rmumsos Jg’ :272; : "
Refrigeration (R-22) g (02) - 970 (34.2) |
Thermostat Electronic Control =
Protection Device - Electronic Control
Length mm - Cooling ; 880, Heating ; 535
Capillary Tube | Fiow Rate /min - Cooling ; 6.75, Heating ; 15.0
° Inner Diameter mm - Cooling ; 1.2, Heating ; 1.6
. Air Filter Material P.P. -
Style Honeycomb -
.| Capacity Control Capillary Tube
Fan Motor Capacitor uF, VAC - | 1.5uF, 400 VAC
» Specifications are subject to change without notice for further improvement.
10 -
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: Technical Data

B Oneration characteristice
CS-G120KE / CU-G120KE
* Cooling Characteristic

34

g a.7
HE
:
5

—

o~ @

18
15
14
13
12

0.54
0.53
0.52
0.51

30 a5 40
QUTDOOR AIR TEMPERATURE (*C)
[Condition] Room temperature; 27/19°C
Cooling operation: at High Fan
Piping fength: Sm
Rated Frequency Operation

» Heating Characteristic

1+
g =
-
= > =
g +
8.0
g| so0 i
2| 40 — =
:,‘". a0 Q
o
—F
/’
=
=
A
< K
B 7 =
o ‘N
. -5 1] 7 10
OUTDOOR AIR TEMPERATURE (*C)
[Condition] Room : 20°C
. Heating Operation: at High Fan
Piping length: 5m
Rated Frequency Operation
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48
48

42

22
20

1.8

—
s

.

O: Qutlet Alr
Temperature (*C)

Piping Pressure (MPa)

GP; Gas Side

O: Outiet Alr
Temperalure (*C)

Piplt g P 'essure (MPa)

GP: Gas Sds

*  Plping Length Characteristic (Cooling) |

..‘.'s
15 5
14 g 5
— = 13 2
3 EY= ol b1
1 i
o 8
g Ee= '
§ 5 P~ -y v
o 3.4 = A e
gl 2s o
§ 3.2 >3
= a1 ¥
e §
0.58 | ’
0.57 :
0.58 a
S
= — =17 0.55 3 F
L ose | 35
0.53 g
- 7
% 1
5 6 -
8 5
a 4

2 3 4 5 [ 7
PIPING LENGTH (m)
[Condition] Room temperature: 27/19°C .
Outdoor temperature: 35/24°C a4
Cooling operation: at High Fan .
Rated Frequency Operation

« Piping Length Characteristic (Heating)

[=]
-
a4
1 Yaa g
< |53
o |2
g" -
= 40 § %
£l s0 (o] == g = ls" -
2| 48 = ——
S| a8 b
_g 4.4 F
& | a2 =
1 40 i
a
22
= — ----‘ 2-1 %g -
20 ai
18 | &
a
— 8 [ I
= 7 -~
E— ]
e -]
3 5
B 2 3 4 5 -] 7
PIPING LENGTH (m)
[Condition] Room temperature: 20°C
Outdoor temperature: 7/6°C
Heating operation: at High Fan
Rated Frequency Operation



