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Evorqro 12
H Oeppodwoprrrl rov eppoAogop<ov M.E.K.

12-7 O Gcuroq rlxlog Ono

Irov xv4r4po Otto, n xo0on rou oupnreopdvou llrylroroq oipo-Bev(iv4q yiverol pe s{r,rreprx4
6vouo4 pe pueptcouEvo XpovroH6 onN€npo.
Ener64 rdpo n 86trrrorr1 Xpnon rou xouoil,rou oE pto epgologopo p4yov4 yiveror pe xo0ory
un6 oroeepo oyxo, 11 nopoKoro Erepyooio getopeiror ow l6wrx6q xoxloq rou
8Ev<rvoKrvnrnpo:

loewponrx4 oupnieon rou Uiyporoq ocpo-Kouoiuou (wrrororyei orn HsroBoln
r(oTooToonq 1-2 oro Ey. 12.1).* 

^gyon 
uno oTogepo oyxo ytrpiq on6pprrpq eepudTnTqq oro ror;ltiporo (ow. orn

!eroooAn 2-3).r loswpontKn sKTovoon rov xouooepit| HE i6to pnKoq euBo^|olro0 6nog xor xoro 14
ouunieon (opo €oq rov opyrxo oyKo - ow. or4 peropotrrl xciroorqonq 94, :X: 12.1).- qoyL,VR xouooepiou un6 oro0opo oVKo.

"''i;;'

:XnUq 12.1 O rEovrxoq r0xloq rou pev(rvoxrvrlr4po

:To Boepo nou 6ev eivor notru ]reyoreq or peroBotriq oepHoKpooioq (ueprx6q exorowooeq
P_19!g,ll:.!uo,,,*ovorornlKn n npood'yvron rnq Orepyooioq oupniebiq'xor irr6voo4q pe
loewponrKeq Fu^ = ct), onou. oTo x divcror plo U6on rrpfl yro 14 ouyxexprpiv4 neproy4gepuoKpoordv. Eov unoTegei 6rr ro epyo(opevo udoo ouuneprgeperor do,l4 i4 6ropxero rou
K0Klou oqv r6ovrKo odpro (o6poq), xor orr or Erepyooieq eivoi orovei-oronxeq ioi yr.rpiq
Tpt96q, rore yro rrq drepyooieq Tou IX.12.1 royuouv ro ox-oloueo:

H drepyooio 5-1 noptorovet_ rnv tooBapn stooyoyn os oruoogotprKn nison: o oyxoq
uaroBoMeror qnd 0 oe v' Koedq o oprgH6q Tov popiLrv orov korrv6fo peroBorieror on6 ooe nj, oupglJvq pe rnv KorooronKn etiooon:

<ee)
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poV=nRT1

6nou po n crrttoogclptKn flieon Kot T., n 0eppoxpooio rou eforeprxou o6pq.
Koro 14 drepyqoio 1.2, n gEppoKpooio oulover on6 T1 oe T,

TrV^=7"V"

Koro 14 Erepyooio 2-3, .youpe tooxrpn oropp6gnon geppor4roq:

Ta

oH= Ic"dr=c"(T{T)
T2

KoTo rn drepyooio 3-4, To nl popto rou o6po exrovtilvowor
geppoKpootoKn md,on:

H drepyooio 1-5 (s[oyoya) orov r6wrxo xoKlo, eeopeirol
(onora ono.\eigowor oporpoio).

O 0epprxoq 8oOpog on66oonq Eivor:

, -'r-Qc =, -To-T'QH 7".7,

o,\lq ioxuet ono flq loewponrxiq peropoAEq Korooroonq:

(Tr-7,,)v" =v"-T)V"

opo

n=1_ 1 (8)
' 

et-l

onou e=V'/Vr, n oxeon oupnieo4q rou xUxtrou.

oleq_or onoxtriostq ono rnv owrorpsmn 6repyooio nou nopor4po0wqr oe 6vo npoyr,orK6
Krvnrnpo Otto, (enroyuvoerq, rupBtir6eq, pero6oor; €eppornroq pe nenepodpiveq
OepuoKpqoloKdq 6ro9op6q), Kovouv ro BoOUo ono6oonq rou tiev4rvorirvnrnpo vo eivoino^u

(1)

(21

(3)

KoTq rn 6repyooio 4- 1

T'Vu=T,Vi"

onoppinrEro ooxdpo gEppornro:

T1

oc= [c"dr=c,(\-T)
ta

o6ro8qnKo, uQrorouevo

oT| oupninrer ye rrlv erooyr.ry4

(4)

(5)

(6)

ttl
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KCrTOrEpoq orqv npoEn qn'qurov nou npop}-net n Bopon<n/&J oEiooon. flowulq n eni6poon
r4q oy6o4q ouprioonq oro gogpo on66oor1g, eivornporre0ouooq onpooioq Kol ornvnpqEn.
:T6 EX.12.2 gqiverot Ent ntraov xor n eEoprnon rou eepUtKo0 goepo0 oo6oonq rou r6quxou
KNnrnpo Otto ono ro troyo oapq I - BL Evornro 10 (yto rouq unoloyropo0q nou o64youv
oro >X. 12.2, 6ev enopKsi n^6ov o nohr <mlonor4pivoq rp6noq unoloyropo0 r4q
onoppogduevnq geppornroq xoro rqv Kouon nou nopouotctornKe noponwur).

:xRuo 12.2 Boeudq onoEoolq rou r6ovrxo0 xrvqr4po otto oe eEqprno4 ono rr1 oyeorl
ouHnisong, yro Erogopaq rtuaq rou A6vou o6po I.

12-7 O |6nv|x6q xoxtog Diesel

ooov _ogopo rov xrv4r4po dieser, e6d erooyeror ;rovo o6poq orov K0rrv6po, o onoioq
oupnrd(eror o6ro9orrro u6xpr vo qvuurogei Tooo n beppoxpooio Tou,'60T8 vo
ourov_oglayeTor To Kouorl.ro nou. pexo(eror rore. o pueu6i'ayxuonq rou nerpeAoiou
puoui<eTor 6T0r, 60r' n Kouon vo yiveror Koro npooewoh robg6po(, pe iiuroypovn xivnon
r9u epBotrou npoq ro d{ur or4 Eropxero rnq Kouonq (:x.12.3). o uiol,ornog'iox.roq eivor
i6roq Ue rov Otto.

Me rrq_ontronor4rrxiq nopo6oxeq nou_ iytvqv Kot ylo Tov xrvrF4po Otto, lnopouUe vo
ono6eifoupe EuKotro 6Tr o Boep6q on66oo4q rou r6ovrxo0 xrvnrnpb oieser, ivori

" 
=,-', 

(;r-(;r
. rfr-rlr

onou:

(sl
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r.= 
f,= 

txiol1 ert6vororl 6

,"= 
f= 

tx,e ttl oupn(eoq 6

>XnUo 12.3 l6ovrr6q K0KIoq diesel.

ltuhryt&ithae

>Xnpo 12.4 Boepoq ono6ooJlq rou tdoMKou Kvnrnpo diesel oe e!opr4o4 ono rn ox8on
oupnieonq, yto dtogopeq np6q Tou loyou odpo I.

- di* [lntj : njl &hi*,tit Otry du 0i

1*. ,*,
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Ir4v npof4, n oxeon oupnieonq ev6q xrvrlr4po di€sel Unopei vo yiver nol0 peyol0rep4 on6
qurR rou lev(rvoxvrFqpo (e=20:1 ovqwr e=10:1), yrori 6ev urop\€t goBoq npoovog^€tnq
(ogo0 povov oepoq oupnr6(eror), xr ouroq eivor 6voq ono rouq l6youq nou o xrv4r4pog
diesel aXEl oqpowrxo peyolurepo BoOUd on66oonq ornv npoEn.
:ro:X.12.4 goiveror n ani6poo4 rqq oyio4q oupnieonq xor rou loyou odpo oro espltKo
po0p6 ono6oo4q rou xrv4rrlpo diesel.

O nivoxoq 12.1 ouvoq,i<et Trq npooesr8q Uc|(;)o8tq rou Boopo0 oflo6oonq nou epgovi(owor
oe dvo xrvnr4po Otto oE oxaon pe rov r6ovrx6.

Ilivorog l2l

:Xnpo 12.5 ly4porrx4 nopooroon
6roypol.rpo p-V (tt,ilt,tv).

sni Tnq oepHovovou 6uvoueoq rou Kouoi

Tov np6oeerov or|(,,Ast6v rou nivoxo 12.1 aE
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:XnUo 12.6 Aroypopl.ro T-s rou rEwrxou xrv4r4po Otto.

l2-3 Yrolovog6g xuxlou oe npoypcrnr6 xrvnrdpo;re 1p[o4 H/y
E{oriog ru,v duoKohdv nou ngprypognKov nro novtJ, yro Tov unolovrop6 Tou npovporKo0
K0KIou, eivor onopoir4rn n Xpnon H/y.
O onlo0orepoq uno,\oyrop6q eivot Kogopo geppo6uvoprxoq xor Booi4eror oro leyopevopowi,\o nl4pr.ro_49-exx6vr.to4g, (p46evrx4q 6rooroo4q yowe.loy, oro onoio georjouwor
orovei-oroflxEq 6repyooieq orov x0xlo.
o unotroyropoq yiveror Bnuo npoq gnuo, uE xpnon re)MKnq predictor-corrector yro rov
ir\eyyo ouyxlonq os Ko0e p4lro (ny oe xoee poipo yr,rvidq orp6gorou).
Exroq ono ro roo(uyro nou n6n dyoupe poOei vo xoroorp-tivouue oflo'Tn 0eppoduvoprxrl,
Yfo-Tov unoloyropo rou npoyporrrou K0Ktou, onorrouwor routroporov ryeig xtv4rx6q
lxiTetE (oy6oerq 64tr. nou unotroyi(ouv pu0pouq ypovrx4q parogolnq xanorov peyebOq:
Auriq ogopoov:. rov uno,\oyrop6 rrlq ypoyljnq Kouonq (pugpog 6xluo4g eepu6Tnroq ow ouvoprqo4
Tnq yurvioq orpogotrou), xor* 

-rov 
unoloytop6 Tnq Usrodoonq geppor4roq npoq To roiK.JUo r4q xultv6poxegol4q,

rou epp6trou Kot rou XtTulviou xoBe xuliv6oou- T9v unoloyro;to rnq eKoorore po4q po(oq rqg yoparo4q Uioo on6 lq BolBiEEq
erooyr^ty4g, Kog6q Kot rou xouooepiou ;.rdoo ono rrq gofpi6eq eEoVoVnS.

:To nopoprnpo nou oKoloueei. nopoKoror nopouoro(eror oov nopo6€rvuo, To 
^ovtKodroypcppo €v6q TaTorou xriErxo H/y yo rov unoAoyropo xuxtrou oieiLr tr.roiriui rerroupyio

xvnrrtpo).

tttlnpc 

-
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Evorrlro 13
geppo6woprxoi KurAot Mqlwciv
Ero Iy. 13.1, ouvoqi(owot peptKaq ono rrq KuptdTepeq KUKIIKEq drepyooieq tdovtKoU
oepiou:

J2

:XnUo 13.1 geopqrrxiq KUKIK,q 6repyooieq rdwrxo0 oepiou:
(a) Carnot (b) Otto (c) Diesel

,

(d) Seiliger (e) Ericsson 0 Joule
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Koge KUKfuKn 6r€pyooio, eKTOq ono rn Etepyooiq EKtow)onq Koro rnv onoio nopoy8Tol
,pyo, nspiloUBovsr Kor pro 6repyooio oupnieonq nou Kcrcryotr{iver 6pvo. fto rn OeopnflKn
Erepolvnon r6rouv 6repyoordv, npooeyyi(owot ouriq Ue optox6q neprmdoerq tooflopdv,
ro6)Orpov, roewponrxdv 4 roooeppu|. ETot npoKurnouv or 6repyooieq rou:X.19.1. tTtq
xuxtrrxiq Erepyooieq, Unopei vo nopox€oi 6pyo cno 0eppornro (Oeppxdq p4yovdQ, r1 vo
peroqep€ei €eppor4ro ono ivo otilpo yop4l4q oeppoKpooioq oe ivo odrpo ug4k1q
€eppoxpooioq, p6 6ondvn 6pyou (qurrrxiq lnxovdq, owlieq eeppornroq).
Ir4v ngir4 nepimoro4 ro 6pyo errovoo4q eivor peyot0repo xor'cnolur4 rryrl ono ro 6pvo
oupniEonq, ror 4 brogopo rouq eivor ro og6lrpo 6pyo.
Ern 6e0repn nepimoo4, ouppoivet ro o/rioTpogo, xor 4 6rogopo rov ipyr^rv eivor ro
6onovdpevo apyo.
Ir4 6ropxero evoq rpnfdroq rrlq xuxtrrx4q 6repyooioq, ro oipro nopolopgqver geppornro,
xor oe oltro rpnuo rnq onoppinrer eepUornro. To oge tpo ipyo rou xuxlou eivqr n dtopopo
rorv 6Uo noodrv €epu6Tnroq (1o g.A.).

13-f Kt rfoq Camot

Tov x0xlo quro rov ixouue eEeroo8t oro lcg. 4.
AnoTel€iTor ono rrq e[4q drepyooieg:

1-2 looeepun sKT6vuron oe eepuoKpooio Ti (=T4
2-g loewponrr4 errovt^ro4: nrdlon eepyoKpi:oioibnO T,, oe Ta
3-4 loo€epUn oupnieo4 oE eepUoKpooio Ta (=TJ
4-1 loewponrxn oupnieon: outnon geppor(pooioq on6 T. oe T'

l-lpoo6r66pevr1 eepuornro: e,r=mRT,to(o2lu,).

Anoppmr6uevn €epudTnTo: Q" =nRT' In(u'lu,)'

Oepprx6q Bo0poq ono6oo4q:

4$=lWVlQ,zl=l -TtlT,.
Koro rnv owiorpogn gopo et6Ar{4q (4-3-2-1), o K0Kloq yiveror ryurrrxoq.

13-2 lGrxlog Otto

flp6xerror Vro rov r6ovrx6 x0xtro rou epgotrog6pou KNnrnpo pe eturreprx4 ovoC^sEn
(8ev(tvoxv4r4poq), o onoioq enrruyxovet notru uurnM roy0 yro 6e6opdvo ovKo EppoA|ouou
(Bl. Ev. 12).

fleprtroppover rrq nopoxorol 6lepyooieq:

1-2 loewponrx4oupnieon
2-g looxopn onoppognon 0sppornToq
34 loewponrx4eKTovoron
4-1 loolx^,pn on6pprq,n eepuoTnToq

OYxoq epBotrropo0: vn= v, - v,.
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fXeon ouunieo\gt t: -- v,,' vr.

flpoo6lEopwrl 6epyor4ro: 
Q:r =nrc.(Tr _ Lr

Anopplmopev4 gepp6Tnro: g'.' ='n.'{T' - 7i}'

€eppx6q loopoq ono6oo4q:,r,|, =l rlllr10:rl = I - l,'ct'- rr.

l3-3 l(,rloq Diesel

flpoxaror yro rov r6wrxo x0Klo rou ep9olog6pou lwnrnpo ye ourwogle{q pe oupnieon.
np6K€rq| yro rruKIo pE uvnlo Bo€Uo on66oonq (9f. Ev. 12).

neptloUBqvot lq nopol(oru, dopyooieq:

1-2 loewponrxdouynieo4
2-g looBopnqonopp60non0epp6rnroq
3{ loewponrxnerrovoorl
4-1 looxlrpn onopprqlneepyoTnToq

ly6oq oupnieorlq: t=vrivt.
- Q = vril,2.

Iydoq 6yyuoqq:

flpoo6r6opevq gepU6rnro: 
Q., =ra c,(T, _ rj.

Anopprmopevq oepyorqro: 0'.' =t'tc'(r' - T'f

eepprroq Fqgpoq ono6oonq: n,_ln,r=lwlllQ2rl=t-;;ffi

f3-.0 Klrxfoq Seiliger

f]poxerror yro U[(ro K0Klo, nou dyer ow oproxdq nEprnroostq rouq KUKIouq Otto Kol Diesel.

neptlouBovet flq nopoKoro drepyooisq:

1-2 loewponrKRoupnieon
2-3 looppn onoppoqnon €epporrFoq
3-4 loopopnqonoppoqnoneepp6Tnroq
4-5 loewponrx4eKrovoon
5-1 looxlpn onopprqn Oepporqroq

Exeon oupnieong:
e:vJv..

Iydo4 dyyuo4q, o=vJVt
V=PtlPz'

flpoo6r66pevrl oepyor4ro: Crr +gr.:,n [c,(?: _ r:)+c,(4 _ rrD.



Anoppnr6pev4 €epporqro:

Oepptxoq gooUoq on66oonq:
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p,, =rnc,(T, - Tt).

lwl *,p'-r
4'r' = jpll 1 1p..1 

=' -;=-tt - rl;tG:lt
13-5 KuKfoq Ericsson

npoKarror yro rov tEcwtKO K0Klo rou ooptoorpopilou (9I. Ev.6).

nsprlopBover nq nopoKoro drepyooieq:

1-2 looBopnq oupnieon
2-3 loogeppq ouunieon
34 looFopnq eKr6v0on
4-1 loogspun EKTovoon

npoo6f6ouevn gspp6rnTo: 
Q r! + Q ! | = mLc clT.- t)+RTr ln(p/p,)l

Anoppnropevrl g6pu6TnTo: 
Qt 2+Q2r=,1f(elr2- rr)+ RTr ln(prlpr)1.

€epprxoq 8o0p6q onoEoonq:,r,r=lryll(gri+le.!rl)
_l _ cr(?: _ T,)+ R4ln(prlpr)' (',{?: - Ir)+ RT.,ln(ty'I,r )'

13-6 KurdosAckeler-lGller

Aur6q enrruyxqvet rnv ono6oo4 r4q r6ovrrr;q lnxovRq rou Carnot HsroEu 6e6op6vov
osppoKpoordv fi'| xor To;, Kor xpnorponoreiTol oqv rbovrxn drepvooio ouyxpro4q yro
oeproorpopitrouq. or peroBotr.q Kcnooroonq eivor i6reg pa rou x0xtrou Ericsson. Ener64

Ta=Is 5ot Ta=T' ro nooo 0epudTnroq nou wolloooowol roopoptiq eivot ioo (O'r=9sJl
Auro lornov unopsi vo evolroxooOv eooreprKo orov xuxlo ;le er6rxo erl6uoxr4
(woyewlrnl onore 6ev Xpeto<erot perogopo goppdTnroq ono ro neptpoMov o,our6q nq
0ooerq (BI. Ev. 6).

EXouUe lornov:
9., =nr R[ ln{l.Jpr)

e,r =,n RT, lnlfr:,p-r).

Ener6n pl =p, Kot p3=p4, royuer yro ro Sepprxo goopo ono6oo4q: ,r,r, =r_ 4i ?1.

13-7 lturlos Joule

Eivor euxoxirepoq ornv ulonoinon on6 roug 6uo nponyoulrcvouq, vrori owrKoeroro fls
rooeepp8q (nou eivot 60oxoAo vo utronor4ooov ornv npotn), 1re roewponrx'q.
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l-leptloppover nq nopor(orul drepyooieg:

1-2 loopopnq ouynieon
2-3 loewponrxdouunieon
3-4 looBopnq EKr6voon
4-1 loewpontKnerrowron

flpoo6r66!evn oepporqro:

Anoppnroyev4 €epu6Tnro:

Oepprxoq Bo0p6q on66oonq:

err:mco(Tr_TJ,
Qrr-mcr(Tt-Trl.

: 4$=lWlAQ.al

"t-(fi-?':)/(Ir-rr)
=t-TJT|=(pJ'!l.-Dt.

13-8 O Kvnrnpas Stiding

To 1816, npv oK6Un eeuetucrgei n eeppoduvourKn oov enrornpq, 6voq lrorod(oq enioKonoq
ov6ucrfl Robert Stirling, q€Eiooe Kot uri8o^e eupootre)Oio yro Utq U4xovn gepuou oapo,
nou Unopoooe vo Uerorp6{,6t oe 6pvo, dvo Uipoq rnq evipvetoq nou oKtru8Tot ono rqv
Kooon Konorou xouoittou.
O xv4rilpoq Stirling nqpauove XpRoruoq Kot Enuogt^nq yto rollo Xpovro, ol\o U8 Tnv
ovonruEn rov ctrpopnxovdv Kot Tov M.E.K., 6neoe TetrtKq ornv oeoveto.
Ir4 dexoerio rou |940, Tov t{vnrnpo our6v qveBioo(w ot pnxcwll(oi Tnq philips oro
Eindhoven rnq OA.\ov6ioq, Kot 6Krore dyeouv enev6u€ei opxero Xpnporo ornv ipeuvo l(ol
ovonrufrl rou xv4r4po ourou, nou rolpto<et nol0 Ko.\o oe e$opUoydq Xounlov
OeppoKpoordv (nX nnnq popgdq evdpyenq).
To BnUorq leroupyioq ev6q Konlrq efl6ovrraup6vou Ktvnrnpo Stirting, goivowor oxnHonKo
oro >X.13.2

Auo_ip9otro, avo dUBoIo EKTOvL,onq (oprorepo) Kot dvo cuBolo ouunieonq (6efro), eivor
ouv6e6ey6vo or4v i6ro orpoKro. Ko&;rq n orporroq neprorp6geror, ro dypoAo xvoOwor pe
UeToB.\nrn Eloeopo goonq, Us rn Bong8to et6tKo0 Unxovropo0 6r0,ornpG,v. To dtoornUo
peroEu rov 6uo epgo[rv eivot voyoro Ue oipto, Kot ro qploTepo rou p6pog eivot oe enogn
pe pro 0epp4 64opevn eepp6rqroq (qlodpro Kotonq), evri ro 6etro pe p|o q,uxpn deEouevn
0sppor4rog.

Merofu rov 6uo pep6v rou oepiou, unopxst Uto ouoK€un UeTogopoq Oeppornroq nou
I6yeror ovoyewnrnq (Kor o Krvnrnpoq, eforrioq ourou, qvovewnTtK6g Krvnrnpoq Stiriing).
O ovoyewnrnq eivol 1.tro ouoKeun Uerodoonq eeppdTnTqq, ivo ei6oq evoUOrrn. EOb,
onoraleiror ono 6vo o0ornpq UeToI tKd,velooUqrov, n ono oupnt8optvo oroolopo.\Io.
H oyoyrporrpo Tou cwoyewnrn eivol opKETo Xof lln drore vo Erorqpei 6npowrxn
geppoKpootoKn 6togopo perof u rov 6Uo rprlporov rou eotroUou (yr,rpiq 6afo6a onUcrwtKn
ovoYn e8ppornroq).

O_ r(0K^oq Stirling onoreleirot on6 4 6repyooieg, nou noptorovowor oe 6roypoyl.to p-V
(>y.t3.2).

1*2 Ev6 ro oprorep6 dpBolo nopopiver orrlv xopug4, ro 6efr6 xrveiror oro pto6 rnq
6ro6pop4q rou npoq ro novur, oupntd(owoq xpuo oipo oE enogn UE rnv WUXpn
onoenKn, xor ouyypovoq npoKo,\6woq Koro npoodyvton to6geppn onoppr9ngeppor4roq Qc (oE eepuoKpooio ed.
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(a)

(o) v

Iyilpo 13.2 (a) Iyqpoflxo droypo;rpo Tov gooeu,v lerroupyioq evoq r6wrxo0 KtvnTnpo
Stirling (ot opr€poi ovogdpowot oro droypoypo p-V).
(b) l6ovrx6q xrv4rnpoq Stirling oe Etovpqpuo p-V.

To oprorepo ip9olo Ktveirqt npoq ro Korlj Kot ro 6eEl6 npoq ro novo, 'erot 6oTe,
Xlpiq UeropoAn oyxou, 6vo l,poq Tou oepiou ovoyKo<ETor vo Uerogepeei ono r4v
q,uxpn orn eeppn nlsupo (eEpuoKpqoio 0"). BdBoro n o0qnon OeppoKpooioq Tou
U,ruxpo0 oepiou viveTot Koedq our6 nepvo yioo ono rov woyew4r4 (nou rou
npoobi6er eeppdrnro Qr). flpooeEre 6Tt n Elepyooiq ourrl eivor toolllpn.

To 6E€r6 6pBolo r6po pavet oE oroorl, xoairq ro optorep6 ouv€Xi4et rnv KogodtKn
rou nopeio os enogn Ue rn eeppn 6e[opev4, npoKqkiwog to6€cpun eKr6vLron rou
oepiou, or4 6ropxero rqq onoioq rou npoo6i6erot geppornTo e" ono rr1 6e{opev4
(0eppoxpooio 0').

2+3
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4.1 Kor ro 6Uo 6f9oAo xrvoowor oe owioereq 6Eu0uvoerq, unoypaivowoq ro o6pro vo
nEpooer Udoo ond Tov ovovownrn ano rn Sepun ornv VUXpR nloupo, Kor vo
enrorp6q,er rn €epp6rrFo Q, (2*3) orov woyewnrn. Aurn n drEpyooio eivor nporrrxo
roOX!pn.

To Kogopo onordleopo rou x0xtrou ourou, eivor n qnoppognon oopuoTnroq QH os
9eppoxpooio gH, n qnopprqn gepy6rnroq Q6 oe Oeppoxpooio 0", xor 4 nopoyoyrl ipyou

_W=ex_ec

onou 6ev nopornpeiTor xo1.r1.rro perogopo gepporr;roq or4 Eropxero rorv 6uo to6K.JpLw
6tepyoottiv. 9o np6ner vq rovrorei 969orq e66, orr ro droypopl.ro p-V rou IX.13.2 Booi(eror
orrq e[r1q nopo6oxiq:

* rEovrxo o6pro
' Undeux4 6toppo4 oepiou* UnEeuKn ofloppognon r1 ondlero 0epporrlroq ono ro roryriporo rorv xuliv6ptl* pr16eurrl oyuryn gepyornrog 6n pEoou rou ovoyewnrn* p46svrxiq rprBiq

fr4v npoyporrx6r4ro, ro 6uvol.ro6errnxo 6roypopyo evoq xrv4r4po Stirling 6xer rr1 popgrl rou
>X.13.3

>XnUo 13.3 AuvopodetKTtK6 oroypol.tyo xrv4r4po Stirling.



14 Euprropqyqryq M41ovrr4g ror Oepprrrlg loyriog

14.l BaomiE qpxtE
H rour6;1pov4 ropoytrlyli qAexrprx4E ev6pyerog xcr or;lo0 drepyoordrv r;
0epp6r4roE pnopei vo yiveror pe op0oAoyrr6 xol Oeppo6uvoyrrd4 B6Arroro rp6no
orrg Aey6peveg durdlerE oupnopoyroy4g p4yavrx4g ror OepprrrlE wynog[4.14.41.
Or poorx6g op;6E AetroupyioE erretrlyoriwot oro l1qpo 14-'1.

Pe( .lm,loen rir.Ahr

Orqt . fi r(pu)

0u*. ' 0

? ' q" q6., ri.ah1*

Oxo..a ' 0
:.uMh-n f {p2 |

X.!s€{\€rt!d"
57"

llut2rdrm
6t./.

E+($.&.f.'l..
nk' 3%

rl21 - 25o/o

ls,r'927o

b

IXrlUq_ 14-1 BaorK{ qpxn ouunqpoyorvns y4lovrxrlg - oeplrKig roxioE. (a) 6rdrd;€rg ys
ouUnoxvoron (b) 6rardlerg ouprrapoyury{g Ir qvdofuV4

H nepirnuro4 (a) ogop<i pio oupBorrxrl drdrol4 orpoorpoBiAou 6nou evdrog€pel
q peyroronoirloq rr;g nopoy6pevqE 4Aerrprr4g royriog, on6re r; err6voorl yrveror
p6;pr rq yoprltr6repq 6uvorr; owigfug4, ror enop€vc,rE 11 oupn0rvor4 ,tofilCver
ltirpo oe ereiv4 rrlv nieor; nou ovnororlei orn e€ppoKpooio neprBdMowoi (n.X.
on6i\ur4 nieo4 0.04 bar ovnoror;1ei o€ 0sppoKpooia oupn0rvurorl( 3O"C). Fi
nepinroro4 @) ogopri pio drdrotq oupnopoytrryrpE, 6nou r1 err6vtrro4 yiveror oe
peyoAireprl ovri0Alyq, rl orroiq oworollei oe ug4A6rap4 Oeppoxpooio
oupn0rvuro4g- Eror 4 onopprrropevq 0epp6r4ro oupnrirvrrro4g Urrop€i vq 6xsl
0eppoxpooror6 enine6o ror<iM4Ao yro ng onorr4oerg xd.noroE npoxrir{E
:gqpuoyng. l-ro nogioerypo, err6vcrrrl pfypr ro enineoo rorv2 bar qviloiolei oe
0epporpooio oupn0xvcrrrlg rdtqE 120 "C, xor<iAir1A4 yro O€pyovo4 lOprovlre

rkkhildr
Enagir 7%

r1a '37'h
l*,;37%

Cr*hi!.h.
Etrrtic 6./6

8.trn$otf grtmshff

tq<



Trlv qrTopprTTr6p€vn e€pu6Tnrq ouurT0Kvoong, ev6 n rKT6v@oq pfxpt rq sninroq
Tov 20 bar o6qyri o€ nqpoyulyn qrpo0 e€ppoKpooia;2l l oC, rordtrAqAou yro
oprer6g Bropqlour6E drepyooieE. Me Bdo4 r4v ropnriA4 nieorlg orpdrv rou vepo0
oe rordoroo4 xopeopori, nportinrar 4 owroror;1io perolri nr€oeulv xor
0epporpoordrv oupn0rvooqg rou flivoxog 14-'l .

nivoKog 'l4-1 OappoouvoItK€g ouwErqyltvsg qruoo 6l€pyqotog nou ovnorotxouv qrqv
Kqunii^n rriro4g qrFdrv vspo6 o€ Kcrdorqon Kop€ouoti.

Drlrpfdruc*
(bcr)

Ttmpr'relur
(.c) t20 t33

15 2n

t97 2ll

30 .r{,

2ll 2J9

5t0

l5t 179

Quoxd, o Bo0pog ono6oo4g rou nixr\ou ooov ogopo r4v nopoyrrlyri 4Aexrprxrlg
rqlfoE pertfuverol ooo outdver r1 ovriOtrrq4, qAAd nA6ov f;1oupe oupnopoytrly4 xor
OepprrqE roy0og rrlE enrnlfov npoi6wog rou r0xAou. ge<rrp4rrx<i, e<iv q dr<irolrl
oupnopoyoyrlg eivor op0oAoyrrd o;ledroop6vn qrr6 To M41ovtr6, pnopei vo
yiveror experdAAeuo4 rou ouvoAou rr;E 0epp6rqroE oupnuxvoro4g, cirg
0epp6rqrog XpnonE 4 orpori Orepyooiog oe oveBoop6v4 Oepporpooio, ev6 oTo
oupBonx6 xrixi\o eilope ou6pprrpq oro neprB<iAtrov 0epp6rqroE pe opeA4r6o
sq,6pysro. To droyp<ipporo h-s rtrrv onAonorrlp6vrrlv dordtetrlv oro Elqpo 14-1 ,

orrerrovi(ouv ouyrprrrxo rrlv xorooroo4 oe ouv6uool.to pe ro owioror;1o
droypdpporo Sankey. Euvotrrx<i, prropsi vq nei roveig 6rr pe r6roreE 6rorciler6
oupnopoytr"ry4g, enrruy;ldveror Bo0p69 erperdAtreuoqE 14E oepp6rr;roE nou
rTqpqysrqt on6 rqv Kq0orl rou xouoipou nou npooeyyi(er ro Bo0p6 on66oo4g
rou A6Brpo. Edtir, yp4orponoldlwog rouE oupBoAropo06 oro E1[po 14-1 pnopei
vq optorsi o AsyousvoE A6yog qAerrprrrlg - 0epprrf6 toxoog, 6nur6 noportirol:

P.' h,-h, t

'= o":;i=-f ' (1r)
4cr

Me r4v onAonoqp6v4 6rdrct4 owi0trrgrlg nou nepryp<igrlre, o64yo0poore oe
eldprqo4 rcrrv npcirv Aoyou rlAsKrptKRG - Oepprr4E ro10og on6 r4v owiOfurpr1
6rrc,lg o flivoxoE 14-2.

nivqK{s l4'2 Etdpr4on A6you 4Aarrprnlg - erprrKilg ro;1rio6 cn6 r4v ovrf0Arvn o€ qnA6s
6fqrdlrfS oupnapqvortt{g (OrptroKpqoiq (urvrqvot crlroO'SOOoC, iled4120 barl pcepOg
arl66oonS A€pnra 4r=0.85).

G.8.na.ud(
(b.r)

GWd/rrv.)
0,.103 0,359

510

0,29? 0,2,16

m30
0,19r 0,1J5

{} 50

0, r28 0,lm

E6til pnopei vo oprorei 6voE ouvoArr6g Bo0p6E erperdAtreuoqg:

n.""=&;9!= 9t 
1o * ry (J.:)Qa Qs

o orToiog pnopei vo teneptioer ro g0%.
B6Boro q nopoy6pevq Oepprx{ rol 4lexrprrf lo10g 6rog6pouv o4povrxd oro
gnirr-r_6q et6pyenE, ror yr'our6 4 otrol6y4o4 rqE on66oo4E r,v npoyl.lorrxdlv
brordteov go np6ner vo neprAopB<iver xor roo(riyro eqEpyirog:

/ 1,/



.st
Es=rhsfj= P+\HQH +mR ?R iAEr + 

/Af,, 
(1.3)

6nou es=(Ts-Tr-yTH o nqpclYr.rtv €q,6pYtlog rrlg espp6rnrqg XpnonE (nopdyov
Camot), mn€a 4 nopoyrl pd(cE eni rrlv er6rrrl €e,6pYslq rou Kquoqepiou,AEw ol
oncirAereE rqfonE rqt FAE' ro riOporopo r@v slrl p6pouE crnrotrertirv rou rrjxAou'
(Enetrlyrloetg oto l1[po 14-2)

EXnUq 14-2 Elqpurrx6 6rdypcgpc xar 6rdypcpgc T-s Yq fltsq,{Y4o4 too(uylrov
€g€pyardg

H rrovorrlro nopoyr.ryrlg 6pyou rou orpo0 ergpo(erqt qrr6 rov nopoyovro:
To- T,tD=_T ({.,t)

On6rg ro ouvoArx6 roo(riyro et6pyetog rrqipv€r rq poplpri:

C11; Q) = rns c|, Cr,r,t,, = f, * r,,1,,,

n 
un==d, (#*",o,,) {4.r,)

6nou Qo=mr(hr-h+) n 0epu6rnro nou nop6;1erot orq ou(euyp6vr1 dtepyooio, 4e o
evepyeror6E Bo0pog qnodoorlE rou qrporropoyqryo0 Kqr nr=P/mF(ej-e2) o
stepyenr6E Bo0poE onodoorlE r4E perorpon4E oe qAexrprxq ev6pyero. O
nopdytlv C tropBdver un6qr1 rrlv rorwdAuroq ev6pyerog rqg owAioE
oupnurvci,rporoE xoOti4 ror rrg crnorr4oe6 et6pyeroE yn r4v npoO6ppqvorl rou
oupnurv<il;roroE Trprv r4v eioodo orov A6p4ro.
O elepyeror6g Bo0p6E on66oor1E ror o tr6yoE rlAexrplx4E - Oepprr4E ro10oE r4g
ou(euyp6v4g drepyooiog 6i6owqr on6 rrg oy6oerq:

p + cHeH CcD4D (r + eH) t,_?l
" Es f +tn

o = 
C-"r- "^ (4.E)

#- c"o

Kor n qAAqAsqdpr4orl rouE goiveror oro Eyflpo 14-3.

1 4. 2 h m6la S p s qr ltoqpopi\ou E

To onAo0orepo 6uvqr6 o141.ro drcpyooioE nou uAonolei rr; oupnopoyrrryrl oe
drordterE orpoorpopitrrov 61el 11611 nopouoroorei pe rr1 popg4 rqE 6r<iro[qg pe
ovri0Arql4 oro l1[po 14-1. EtorrioE rqE oluprlg o0(eutrlE nou ero<iyer 11

oupnfxvoro4 r4g ouvoArx4E ropolrlE pri(oE rou udporpori oro ouyxerppfvo
olqpo drepyooiog, nopopfver nporrrxd orc0ep6g o A6yoE qAerrprr4g-OepprrrlE
roXrlog (4.1). Mrrp6E peropoA6E rou eivor egrrr6E ;ru 6ror0povo4 rqg
oeppoxpooiog (<..rwovo0 oryo0.

l?i
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0.8

--il'6 -lso-Cn &il o
K6densohcEterno€mtur I 

o( 

-
:XnFd 14-3 A6voS n^firprKdg-etpIrK{S rox0os rng r6qvrKis ou(suYU6v4s dr8pYaoiqs U€
qr=0.75

Optog 6vog psrqp nr6g Aoyog rlAexrprqg - Oepptr4q loxtio( tivql qnqpqiTnroE ot
rroAACE prop4lovrxeE drepyooieg. l-ro ro tr6yo qur6 Xp4olporrolouwql ornv rlpdq,n

or rfl6 o0vesror K0Kior Ut €vddu€oq qroudoT€uorl qruoo, (Exnpq 144 c,d), ol
orroior srflTp6rrouv €uptiq 6rox0;,rovo4 rou I6You nl€KrpKnE - Oepptr4q tolfoq
qvol6y(r)( T@v qvqyKd)v rou Kqrqvolorn.

Ex{llq 14-4 Ardgopeg nqpq^Aavag dldrdtsurv anroorpopf^ou yrd ouunqpqYortf{
p4lcvrxrtg - oepprx{g rox0og: (a) 6rdrqg,q pa cvrioArty4 (b) 6rdrq€,n Ut qwlotuVq Kql
rrp6oesrn 6uvcr6rnro orpqyyqfuoFoo xcr ouyn0xvtrrong (c) Eldrdgn ouFrroKvoro4g Fs
Ev6rdIso4 urroFfor€uo4 qrFo6 (d) 6rdroln qvrf0futt 49 IE tv6rdFton qrropfortuoq.

Ax6pr1 ror 4 nopoAAoyq c oro E1[po 144iyet xonoru 6uvqr6r4ro peroBoArlE
rou tr6you, n orroiq 6ptog enrruyy<ivtrqr Us Usr@UEvo ouvoArr6 BoQr6
rKpsrd A€uong Ev6pysrq(. Me rqv nopoMoyrl c eivor eqxr4 q onoo0(eu[4 rrlg
nopaytlyrlg qAerrprrl6 sv6py€rqq Kqr e€pU6TnTqE. Ern ouyKsKprp6vrl ddrolrl, r1

rolrig rou orpoBiAou ror r; 6ror06pevq Oepprrrl roX0E owiororxq 6i6ovror crr6 Trg

oy6oerE:
P7 - rit(h1- h) + (t -m'\(hz-h), (4.9)

Qn: rit' (hz - hs) ' (4.r0)

Kor' ovnoror;1io, o A6yog 4Aexrprr4E - 0epprrrl6 roXUoE div€ror ano 14 o;16o4
Pr ht-h2+ (l -x)(lt.-/r3)

"-- a: ttor-nu

\r
)( )

4+(

(4.n)



Kqr prropsi vq psrqpd^Asrqr U6o(l) rou I6You qrlopdolsuorls x=m /m
Errlv npdtrl eivor egrrrq r1 A[ry4 Oepprrtlg ro;uoE oe Ddgopeg Oepporpootor6E
or<iOpeg, 6noq goiveror oro E1[po 14-5, 6nou nopouoto(erot 4 6rirol4 evog
o0ylpovou epyoorooiou oupnopoyury4g 4Aerrptopoti, orpof dtepyooiog rot
Oepp614rog.

25lP(.2\0bot
H 0 -Ieilost VY ?

HD-Vlrr 6

H0-vw 5

222'C i 1rJDo.

r00.c

Spais€ross€r -
bchalthr
NO.V\{ 3

N0-vtd2

N0-vw 1

fXilya 14-5 &drqqn ouyxpovou spyoorqolou ouprfdpovury{g n^sKrproIo0, q?Ioo
6r€pyqoiqg xcr 0epp6r4rcg yra r4Ae06ppcvo4

Me r6roreg 6rord(e6 tivqr sgrKTR rr.X. €voAAoKrrro q nopoyoryfl onorAerorrxo 390
MW"; qlexrpropo0, n qwiororxq n rropqytrlv4 lry6reptrlv (360 MW"r) 4Aerrpropo0
po( pe 295 MWt' OepptrnE roXUoE. Ar6pr1 ror ro peyctAo nupnvrKd spyoordorq
nopoyrrry4E rlAerrprol.rori eivoiloroirepo ror<iAA4Ao yto ouUncrpqy(,)yn
0eppor4roE 6repyoortirv. l-ro vo enrreuygei o Oro;ropropoq TrlS nopoy<oy4E
0epprx4g xor 4trerrprr4E ro;10oE oe 6vo r6roro epyoordoro, erooyeror ouv40u4
6voE evoAAdrr4g nopoy<.,ryr1E orpori drepyooioE (IXqpo 14-6).

Eytlpu t4-6 EuUrtdpqyury4 qruoo 6tspvqofqg cn6 rup4vrx6 cvrrdpuor{po Ur vsp6 un6
Tisoq. (1) nupnvtK6g avn6paor{pqs (2) Kdptq ovr^id VUKflKo0 Ufsou (3) ArFor?qpqyury6{
(4) Anroorp6pl^os (5) IuunuKv(^'t{g (6) Avr^fa vspo[ (7) Evo^^dKr4S nqpoyroryilg cryo6
6rspvqoiog (8) AvrAJq ouFIfuKvdrliqros

,n+



1 4. 3 tu aftla S tt t o'tp, oqp oBiAouE

Or oeproorp6BrAor enrrp6nouv rrlv ovdrnul4 drordtecrrv oupnopoyoyflg
qAerrprogori - 0epp6rqroE pe rdroirepo nAeovexrrro0E 6pouE. Aur6 oleri(eror pe
ro yeyov6g 6rr or Oepporpooieg rurv rouooepirrrv oe ovoxr6g drordlerE
oeproorpoBiAcov Bpiorowor orrlv nepro;1r1 rurv 400 - 500'C, eg6oov 6ev
1pr1or;ronorouvror ovoyewrg166.

EX{Uo 14-7 Arordlarg aaproorpoplArrx U6 ouprqpoyrrlt{ pqXcvrxfg - OrpUtKnS rox0oE
(a) ovolKrn 6rdrcl4 ceproorpopfAou (b) avorrrrl 6rdrol4 dsptoorpoFi ou pe 6rpd0pro
oulrr[ro4 (c) qvorKr{ 6tdrogn qrptoorpopi,^ou pr qvqy€w4r{ (d) K^t|orrl 6tdrqtn
qrproorpoBi ou (e) ouv6ucop6vos KtiKAog osptoorpopf^ou - crpoorpopfAou.

Onurg goiveror crn6 rrg dordlerg oro E14po 14-7, undplouv drdgopeg 06oerE
nou svOeirvuwor yu eloyrrryf 0epprr4g ro10oE oe pio 6l<irotq oeproorpoBiAou.
l-ro ro nopddetypq rng crnA4E worxr4g drclrotqE oeproorpoBiAou, pnoporipe vo
unoAoyiooupe ro A6yo 4Aexrplx4E - geppx4g rolrioE 6nr,-rg nopor<irut:

6nou npooeyyrorxcl ;lnopo0pe vo 06ooupe rit o" /tit, x I
Aur4 4 npoo6yyro4 drxoloAoysiTqt qrr6 rov rdloirepo urpqA6 A6yo o6po -
xouolpou rqg dr<irotrlE oeploorpoBiAou nou enrftiAAet I ovrolrl rtov nrepuyiov
rqg npdlrrlE Fq0pi6qg. Or 0epporpooieE unoAoyi(owor rqrd ro ouvrlgq oe rfroleE
6rordterE. Evo drdypoppo Sankey yro pld r6roro dlepyooio nopouord(eror oro
I1[po 14-8. l-rc ro nopddetypo prdg 6repyooiog pe rrE rrpfE: Tr=20oC, Tz=150oC,
Tr=800oC, T+=450oC, Ts='l50oC, pnopo0pe vo unoioyiooupe 6vo tr6yo
qAerrprrlE - 0epprr46 lolriog o=0.73 kWh.r/kWhtr xor 6vq ouvoArx6 evepyeror6
Bo0p6 on66oo4E rqE rdtqE rou 80%

lxiuc tl-e arcyparFq sankey ovorrr{g 6rdrql4s asproorpoFr^ou pe exyerdMauo4 rqg
etpu6r4rqg r(r)v KEuoospl(l)v

(4.12)

Ab96sr6tisi.
1N.

SrerYEfofl
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Me el6rr6g 6rordle6 Kqr pr Xpnon np6o0ertov n4ytilv 0epp6rnrqs sivqr eqrrrl r1

nopoyuly4 4Aexrprrlg ror Oepprr[E ev6pyeroE rrou vtr rqifrrret rtg errloteg
ovdyreg prog rorvorqrog q evoE epyoorooiou. Ero nopdderypc r6rorog 6rdrot4E
nou onerrovi(rrqr oTo E1rlpo 14-9, ro ro0orpo eivor eAogp6 nerpdr\oto
06ppovoqg 4 guorr6 o6pro. Edv undp;er ovr[rxq, q nopoy<oyfl 0epp6r4rog
pnopei vo oul4Oei oxopq neprooorrpo Us np6o0erq 06ppovoq. O pq0poE
on66oo4g ror<i rqv nopoyrrly4 qAerrprfig ev6pyerog pnopei vo oulrlOei pe 14

1p4or1 ovoyewrlrfi. H ouyrerprp6vl 6r<iro(4 61er 14 6uvor6rrlrq vq nop6yer
ouvoArxd 27 MW.t (qAerrpopo0) xor 63 MW6 (0epp6r4rog). O Aoyog 4Aexrpr[g
- OepprxqE rolriog ppioxerqr orrlv nepo14 rou 0.43 xor o ouvoArr6g Bo0poE
erperdAAeuoqg rou rouoil.rou grdver ro 78o/o. Me xortitrAqAeg rpononor4oerg or

dnrdterg quro0 rou eidouE pnoporiv vo nop<iyouv ror ory6 drepyooioE yro

BrcpqlovrriE egappoyiE.

Eltlpu 14-9 AvorKr4 Etdrqgn oegoorpopfAou yra ouFnqpqvcryn 0spl6rnrqg -
n^sKrpropof or ouwEKprp€v4 sgqppoyf

Ie rlerorEg OrordterE oeproorpoBitrurv pnopei vo yiver Arlqq Oepprx4g rolriog
(rupir,rg yra 06pcvo4 ltilpt x) rqrdw rou ovoyew4rq (BA. EX4po 7d). Yndpyer
6pc,rg ror q enrnA6ov 6uvor6rqro Arlgqg Oepporrlrqg ytct rr1Ae06p;rwoq, pEorrl
qrporrqpoyoyou nou ronoOereirqr crrov oyury6 rouooepiou (FA. EXnpq 7e).
T6roeg drord(erE Bpioxouv o(pepo eupeio egoppoyfi orq Brop4lqviq. To
nop<iderypo on6 14pxri Bropqlovio nou goiveror oro E1rlpo 14-10, 6ei;vel n6oo
eu6Arrrq eivor q ouyxerprp6v4 drepyooio, ldroirepo edv ouvundpyer rol np6o0errl
n4yrl 0epp6r4rog on6 ro0o4 orov orponopoyc,ry6. Or onorr4oerE rurv
prop4yovrxtilv 6repyoolcilv yro rreploo6repq dirruq orpo0 pe 6rogoperrrd eninedq
nieorlg pnopoOv vo ovrrperurnrorofv pe riroleE dordtelE. H rinopl4 rou
np6o0erou A6Brlro eloogoAi(er rrlv 6ra0eorp6rqro orpour oe r<iOe nepirnuroq,
oveloprqrtrrg rqg 6ro10povorlE rrrrv ovoyxrilv 4AerrprxfE - OepprxriE tolrjoE.
l6roirepo or4v nepirnrrro4 6tepyoortilv rrlE 1q;rrr4q Brop4loviog, qrrqrro0wqr
peyoAeE noo6rqreg orpou yro noA0 dogoperx€E 6lepyooieE, nou neprAopB<ivouv
yro nopdderypo:

. O6ppqvorl owrdpoorrlpulv
r Kivrlol oupnreortilv p6orrl orpoorpoBiAu.rv
. Eroqytrlyn orpof roE cwrdpdlwoE oe lqprx6E owdp<ioerE
o Egoppoyrl orpo0 oe drepyooieE €npqvonS, eldrpro4E, on6orotrlg xor

xAooporxqE on6oro(4g.
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fltlpc 14-10 Ardmq,4 ouv6uqoufvou xtK^ou sspto- qrpoorpopi^ou ytq ouprrapcyoy{
o€pp6r4rqg Kqr n^tKtprouo0 st X4prK{ prou4xqvlq

f.loAAd Boorxd rrpoi'6wq nou Xpnorporroro0ps orqv KqenpspvR UqE (@n
orrorroriv vrq rnv rropoy@yrl roug rroA0 ur1rnA6E rroo6T4T€g qAEKrptopoU Kql
0epp6r4rog, 6nurg deilver rar o flivoxog 14-3.

nJvqKqS 14-3 Anoro0pev4 ar6txil Kcrcvd^uron o€ q^sKrptKn Kqr espptKf w6pyrrq yta rnv
Iropqvuryil 6rag6pov npoibvrurv Kqeqpsptvrlg Xp{o4g Ue 6tqrdgtlg oulnqpdvtr,yrlg

Prldqh *fiffii' DnEk dd.lris.ic Ercr-
(brr) gic (l$t^)

Feinpod.r
P-tFdcr

Rcb
Ztfrq

1 4.4 Atarulag outtrrspayutynE ps K,vnrnpsg diesel
l-ro vo oAorl4pcilooupe rnv rTqpouoiqorl rttrv 6tqrdqsov ouprrqpqvuryqE
0epp6rr1ro6 - nA€KTptopori 0o np€ner vo roviooup€ 6rr xql or rcv4r4peq diesel -
ospiou Xprlorporroto0wqt rup6og os r6rotsg 6rordte6, rdroirepo oe our6g rrou
61ouv l.rrxp6repo ox€nKd p6ye0oE. Ir4v repirnuloq rulv MEK, 6nrrrE eivor
yvoor6, Urropoiips vo ovorr4ooul.te espp6Tnro 61r p6vov qn6 Tnv etoycrryq rouE,
qtrtrd xor qn6 To K0Kl<rlUo qr0qnE rouE (Ey4po 14-11).To noooor6 r4g ev6pyerog
rou rouoilrou nou perorp6nsrcn oE UnxovtKq (ror perd 4lexrprx4) ev6pyero,
rupoiveror pero(f 33% (xrvlnipeg q€piou U€ orotx€toperptK4 ro0oq) rcl42o/o
(rrv4rqpeg diesel pe Kq0orUo n€Tp6Aoro diesel rivqo4E). O gq0p6g
erperdMeuorlE ev6pyerog rou xouoil.tou ynopei vo grooel ro 85% rql or
rrlruyxqvop€vuE np6E A6you rlAerrpxqg - Oepprx4g royriog rupoivovrqt KovTd
oro 0.6 kW.r/kWtn. ldroirepo 6rov q neprolrl ro;1rioE eivor peprxdlv MW, our6g or
6rorcilerE (Blockheizkraftwerke) €ivot rdroirepo 6rode6op6vsg oe voooropeio,
oxoAriq, KoAupBnrnprq, rcOti4 rol yeydAo tevo6oleio ror Broprllovrxd xripro.
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E1{po 14-11 Krvqrilpqg diesel -il Krvqripqs daplou oa 6r6mfi1 ouprtopqY(|,lt{E

Irlpepo lprlorponoro0vror r6roreE drordterE orrlv neptol4 toltiog parol0 50 rot
15,000 kw"r. MeyoA0rep4 ro10g pnopei vo ernreu;1gei U€ modul xorooreu6E
(ouyrpor4poro rrrproo6Tep@v rrv414pov oe nopdAAqArl Aetroupyio, pe

6uvor6rqro outopeit loqg r4g ro10oE pe 06o4 exr6E Ae troupyioE x<inotov
povddtlv). E6til lpqorponoro0wor rupiurE rrv4rrlpeg olrlpdrov 11 nAoitrlv on6 nE
yv<oor6g oerp6E nou nop<iyouv or pey<ilor xcrooreuoorig (MTU, MWM, Sulzer,
rrA). Me rov rp6no our6 olronoro0wor <ipeoo or emruylov6peveE BeArrciroer6 oro
eninedq ernopncirv o€riA4E Kqr oq,€rditrlv rou o(tilrou on6 roug rorooxeuoor6g
rrv4rrlpc,rv olrlporc,rv xqr rrAoi@v (roroA0reE, gitrrpo orodAqE, SCR rrA). loroirepo
or ernopniE or0dArlg rou xrv4rflpo diesel, eivqr rdrcirepo enrBopuwrx6g yrq roug
evoMdrreg ovdrr4o4E 0epp6rrlroE Kquoqspiou, T@v orroi@v or oo,rA4vtboerE
6r66ou rou xouooepiou gp<i(owor @0proio on6 rqv evonorr96pevq or0<iAr1 ror
odr;yorlv o€ Bq0proiq qrrqli@on rou Bo0po0 on66ooqg rou xrv4rrlpo. Iro lyfl;ro
1 4-'l 2 napou ad(eror sv6errrrr6 6riypo 1.r1ro San key yro r6roou eidouE
eyrorclorooq.

EX{Fd 14-12 Ardypotrpc Sankey 6rdrol4g ouulrqpqyu,v{g pe xrv4rrlpo dieset.

Erqv eupUrepq ror4yopio rurv ouor4p<ir@v ouUrTopqy@vng p€ rcv4rqpeE diesel
rwdoorror ror ro ouor4po TOTEM (Total Energy Modul). E6til nporerror yro
ouor4poro onorevrprrlpcvr;E nopoyr,lyriE qtrerrpropori pe rr1 Bo4oelo MEK. H
onopprnr6pev4 0epp6r4ro otronoreirol ro roAoroipl yro 14 Aerroupyio rpuxrrrdrv
1r4yovrirv onopp6grlorlg ylo xlr;.rorrop6;rilpov ror ro;lerptilvo yro 06ppovo4
ltirpurv. Kqr e66 ernruy;lovowor npEE Bo€po0 experdtrAeuoqg ev6pyeroE
rouoil.rou rrlg rderlg rou 80%.

Kroftstoff zufuhr 10070
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15 flapoyroyr[ 0app6rqrqs Ut rarfo4 opuxrdrv xouoiporv

1 5.1 Fltxd rcpi xauoipwv
Irqv evepyerorr'1 orovopio 14g ov0prrrn6rqrog oltonoto0wqt rrotxiAq xo0otpo
6norE o Ar0<ivgpoxoE, o AryvirrlE, npor'6wo rrlg riooportr4g on6orol49 rou
nerpeloiou, ro0orpo odpro, rrjpgr1 ror prop<i(o, (nX tfAo ror <i1upo) rrA. Kowd
o'ourd lp4orponorof wqr rqr xdnoto rordAAqAo Brop4;ovrx<i deurepoyevrl
npoi'6wo ror on6BAqro. Or qnou6ql6repeE owdpdoetg ro0o4g nou o(tonototiv
ro nopondvo roUorpo, eivot ot nopordrul ;to( pe rg ettl0eppieE nou roug
ovnororlo0v:

C + O' - CO2 , AH = -393,5 kJ mol '

H, * | o, - H:o ' aH = -285'9 kJ mol '

S+O. -. SO:.AH = -70kJ mol .

Evo xoforpo pnopei vo yoporrrlprorei on6 rq oror;1erorfl rou ovdluqrl, r1 or6pr1
onAo0orepo pe B<io4 rqv ev0cAnio ovri6poo4g - Oeppoyovo 60vop4 rou. E1e66v
6Ao ro ro0orpo neprflouv C, H, S, O, N, H2O, roOti4 xor r6gpo ro orepe<i. To
E14po 15-'t Oeilver nopoorqrrxd 6fl erdrrd or np6g rou A6you H/C ror O/C yro ra
mo o4povrrxd opuxrd ro0orpo Bpiorovror og orevd neptoprop6veg rr€proxeg.

Erdgo5

0t
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tuphqtt
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0 0,r

EX{pq l5-l nrprrKflK6r4rq 6r6gopurv o4uqwtK6rv KouolFrrv ou u6poy6vo Kqt otuy6vo

nivaKas 15-l Eoorqo4 qrspr6v xar uyptiw xquotForv (%x.p.)

B.ton roaf AlcL W-..r C H S O \- n.ft*,
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Sl.inlolh
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Slcirl(olJc
(Gallerlr rolrlc)

Xols

Br4|olol G, rol
(Rhei.h.un)

Bcnzia

H.ird, lelchr

Hciziil, sctwcr
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- 0.r E5.5

! 0.5 8.1

33 390

l0 (m

29ll0

E000

43 5(n

42 ({X)

.10 501)

O oxpBrlg loporrqprolrog rulv ernp6pouE xouoiporv yiveror pe Bdorl rrl
oror;eroxrl rouE ov<iAuorl, 6nrr4 deilver o llivoxoE 15-1 (oreped xor uypd
ro6orpo), 4 U6 B<iorl 14 popror4 orioroo4 crn6 ouyxexpr;l6veE odpreE ouoieE
(o6pro ro0orpo - l-livoxoE 15-2).
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