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Evorrlro 10
lUuEn EppologoPr^lv MEK

H eeppoKpooiq oro roiyopo rou xuliv6pou a/6q Kvnrnpo eooreprKnq rouorlq, ooxei
onpqwrxn eni6poo4 ornv xorovoloorl xouoipou Kct onq aKnopndq rouooepiotv.
Auroq eivor o loyoq vro rov onoio €ox(Itoq ilpt ororrrloat w6tog6pov ouro ro opxero
no.l.oro npoBlnuo r4q npoBAeqqq rov eEpuoKpootoxdv ne6io| p6oo o'6vo xtvnrnpo.
Onoq eivor vvu,or6, n Me Koro rnv [,UEn rou epyo(6pwou tonrnpo, eo npdnH vo
unepnn6noet rpeiq €v oetpo owtorooetq:

(0 eopurKn dvriorqon UeroE0 epyo4oUevou p6oou xot rol;6,tporov SoMpou Kouonq.
(D oepurxrt dwioroo4 roq6,lportovoo.,\opou Kouonq (xu.Itv6poxego.\4 - ip8oAo - Xlrovlo).
(rr) gepUrKn o\fiioToon pero(0 roryurgonrv €otropou Kouonq xot neptppiowoq, peuoro0
(yr6vro xot xegol4
ooUoroq p4ywn€
orpogoloeolouou),

Or rpoiq noponcM, K0pteq ovrloroostq, go ovolugo0v oro unoxeqo)cto nou oxolou€o0v.
:qv onorcl8ouo Tnq yvoonq rov rpriv pnxq\rloudv, go o\rolueei orn ow6)Gn n
peOo6otroyio unolovtopou Oeppoxpootoxtiv nebiolv oe Kv4rnpeq, xot ot egopltoydq rr1q.

lo.l Me on6 To Epvoz6u8vo pioo npoq ro roixt Uo rou gotrouou Kouonq.

H uevolurepn 6uoKolio yto rov unolovtouo rnq Mg qno rn pep|o rou oepiou oe 6vqv
eUBotrogopo xrvqrrlpo, npoxo.treirot ono rn 6toprn HeroBoM rnq geppo5uvoplKnq

Kqrooroonq rou epyo(opwou pioou (ni8on, gepuoKpooio, roy0rrlreq), Koedq Kol rov
yerolrerprxdv peye€(irv rou golopou Ko0onq oTn 6topxero Evoq eu9ohouoo (0.1 ' 3 ms).
np6Keror tron6v vro t(crooroon Un roopponioq. (Ee owt6toorokl nX pe to golopo Kouonq

Utoq roupunivoq os U6vUo onUeio l8troupYioq, 6nou ro npqYporo eivot nolu onlouorepo -

oKopn Kor ro xrvoUpevo Uep4 dxouv opotOuopQn - noplorpoQtKn - Kivnon).
To epdrnpo nou rigerot opeoo Yto rov sltgologopo Kvnrnpo, eivqt xqto [ooov ]rnopei
Koveiq oE Koee Xpovrx4 orryy4 vo fexv4oet ono ptd opo|6popqq eeppo6uvopt14 KctrooTqon
rou oepiou oro eoolreprx6 rou xuliv6pou, onoq xot xcrd n6oov ot nspto6lxiq Etoxupwoetq
rnq Oepuor(pooioq rou epyo(o;revou y6oou 6lonepvo0v ro roixtJuo rou golopou Kouonq.
To :Xnuoto.l daiyver oXqportxo rtq peropotrdq rou oepiou orov x0hv6po. Iro xortl gdpoq
r4q erxovoq nopouoto(erot ro eooreptx6 rou ruXv6pou Kdrq rn goon rnq etooYtrYnq.
Arorpivowor Aonov exai or orpoltltopoi nou eoxe;rpivo 64ptoupyo0wot orn V6poon rou
xuliv6pou. Or orpoBtltopoi ouroi 6tcn4pouwot oe ivo !o0p6 Kot Kcno rn oupnieon, on6re
(yro rrlv nepimr,ro4 rou Krvnrnpo diesel nou goiverot oto ly4po), €nfiuvxoverot KoA irepn
gvoprEn Ue rov odpo rt^tv oroyovt6iov rou Kouoil.tou Kcrro rrlv iyxuon.
Om,rq npox0mer Kol crr6 ro noponovo, To 9ootKo npd9trnuo nou unopxsr e66, evot n dvrovn
ronrKn Kor XpovrKn 6togoponoi4orl rou ouwel€sr4 perorpopog oepyorrlroq perof0
epyo(opevou p6oou Kqt rotytiporog.
E6d, go ou<nrnoei 11 truo4 nou 66t^roe oro flp6Flnpo o Woschni (1965/70) yro rov Kvnrnpo

npoq
npoq

ro vepo U0Enq ylo rouq u6popurrouq xrunrnpeq, rfiopuYto
Tov o6po yo oepoqurrouq, iUBoAo npoq orp6ogolpo
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diesel opyxo, n onoiq g8opsiTot n mo EnrumUdvn (Ino rtq no^ 6q npooevYio8tq nou 6YUov.
H oxaon nou ov6mufe o Woschni unoAoyi<or dvo rontxo ;16oo ouweAeorn ouvoYtlYrtg
(neprtrolrlover Kor rnv oxrvopolio), IeroE0 epyo46pevou pioou xot rotytigoroq ow
ouvoprnon r4q oappo6uvoptKnq Korooroo4q rou npdrou.

:XnUo lo.1 . lppcnrxn nopooroon rov 6toxuyovoeov niso4q P' 9epporpooiog tn'

Toxurnrqq wn xot e{orreptxnq enlgoveloq goldUou Kooonq F, orov xuhv6po-

O Woschni 6xove rnv nolu FoolKn (Kol rolunpn) onlonolnnKn nopo6om' 6rl ro
onore)-oucro rorv U8Tpnosutv oE dvo outlnvo 6roppeopevo on6 o6plo' pnopo0v vo

sneKrogouv Us gdon rrq opx6q r4q ouoloTnroq ornv n8pirn0rdn rou goloUou Kooonq rou
euoolo0opou t(|vnrnpo. (Onurq eivor yvooro on6 rqv eeopiq Tou Nusselt' to QoN6UEvo oro
ooMvo neprvpoeerot Ue loon 3 U6vo opleUouq: Nu, Re' Pr).

O Woschni ovemufe Uro eEior,ron Ytq ro ouwotrEorR Me onou Xonotlionolnoe eKgpooelq
yvopiwrv 6uvopeov Ylo rnv neprYpogn rng ;rero9otrng rov t6torrlnrv rou oepiou -

ouwoleorn gepl.rrx4q oyuryrporqroq l, 6uvoprxo l{ti6eq n' (ovqyp6vo oE o,po)' oov
ouvoprno4 r4q €eppbxpooioq. Ooov ogopo r4v rsxuTnro' endls€e oqv XopoKTnplorlKo
peye€oq rnq ornv aKepoon rou opr€pou Reynolds, rn Uion roxurnro suBotrou cm.

tn- ouverortopo rnq orrrvoBolioq 0I6Yoq xot rouooepiou (orov xlv4rrlpo diesel

enrruvxcwowot pcyroreq gopuoKpooieq epyo(opevou p6oou rnq rof4q rotv 2500 l$' rrl
€erirpnoe nolir Utxpn, xot 6ev npoo60Eoe el6lx6 opo or4v 8tio0Jon.
Aonvoy8 o1ro4, o Woschni, ivo elblKd opo - Tov 6po r4q, Kouonq - Vlo vo loBel unoq,n nq
onorblrlq peroBol6q nou ouuBoivouv orov x0lv6po orn 6tqpxetq rnq Qoonq ourrlq' To
xoypoir turo (rnq Kq!onq), 6Xer Erogopertxn Bopurnro orrlv e{iooorl (6to9opertx6

ouweleorn), yro lq 6rogopeq 6repyooieq xouo4q (on'eu0eioq 6yyuorl - npo€olopoq -
6repyooio M).
Ooov orpopo ropo rn Me KaTo rlq gooElq evo,\.\oYnq Youoonq orov K0^v6po (elooYoYR '



llL

eEoyurVn), o Woschni gooiornxe ornv nolu Ko,\n 6oulsto rou Tapl ornv neploxn ourn.
Eror npoaKuq,E reNxo plo xopvn, xo€opn ortq Oer.lp4nxdq rng Booelq, Kol noA0 euiNxrn xot
euKoln orn xpnon nq Eqiooon:

q. : tsod-o,2pol,r,".* 
1",o, 

+ c" ffi{ro - ro)]" 'W., r. Iro{ )

ouro noipver flq e€nq rtpiq:
yo on'euoeioq eyKron Kol 6l8pvooio M
yro 6rorpeydvo eotrouo KoUonq

onou 11 oro€epo C' noipvet rtq oxotrouoeq rt;l6q: /
Koro rnv qnonluon rou xutriv6pou: Lt . L.'18 + O.147 uL/c--
Kcncr rn ouunieorl rot exroulon: Ct = 2.29 + 0,308 ctn/c.t-

Ooov ogopo rn oro€epo C2 oro xogpcrr pe rq Etogopo ntaoEt| P-Po (Ue xot Xtopiq xo0on),

Ca=3.2ax10j m/sK
Ci=6.22x10" m/sK

H oxdon rou Woschni ot/om0X€4KE UE Boon netpoporo oe xv4rrlpeg MAN opYoorpogouq
xor ;leooioq roEnq orpogrirv. Asv eivot t6toirepc qnorsl€oparlKn ylo roxUorpogouq
xv4rrlpeq diesel.
Iro IX.to2 nopouoro(erot n droxugovon rng geppoxpooioq, r4q nieo4q xot rrlq ertruopav4q
gepu6inroq orov x0trrv6po oqv ouvdprnon rnq Yovioq otpoQolou, ono4, unoloyi(owol pe
goon rnv eEiooon rou Woschni oe rqluorogo Kvnrnpo diesel EnlBarlKou oxnuoroq'

:Xnpo.lo.2. eELrpnflK6q unoloYloU6q KorqWoschni rnq 6loKuUqvonq lnq 0eppor(pooiqq'
ni€onq Kor eKAuoUEVng gepuornroq orov t(utMbpo, Kogdq t(ol rrlg gepp6rrlroq nou ondYerol
p6or,r r4q Ku^vdpoKegoARq, rou Xlroviou Kot rov elrpotrr^rv, ocrv ouvcrprnon rrlq yulvioq

orpogolou vro roxuorpogo Klvnrnpo diesel.

N.U.G - i0C i0a ut r r I I I
r.r I .'l ,or,rt *tlltorer itlD- E

lenp,*otunelouf 12
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{O.2. Merq6oon eEpu6rnrogqn6 rnv nleuod Tou lyur$rKorl u6oou.

Orw eferoorei q qruEn rou xv4rdpo r(oeopo ord Tnv onoq,n rnq perqrponnq evdpyetoq,
6n0rq ro ixore n6n cmo nolO nol6 o Rudolf Diesel or4v npoypqeio rou vro rnv Bilnolnq
ono6oonq eepUtx4 y41w4, r6re goiverot ow oypnorn onqroln a/dpyeroq Kq| oEnvei oE pto
oerpo ono npoBlaprq yto to nleoveKr4poro xor ro paoverr4poro woq nv4rqpo Xopnlrtq
Oepprx4q onopprq4q, 4 xor ev6q o6rogcrnxo0 xrvrlrqpo. Ono4 6yer rt6rt unoloyioel o Zapf,
6voq xv4r4poq diesel ylpiq V0En eo enaloto oro etoprnpqro rou 6o.)rogou ro0orlq rou
oeppoxpooieq roopponioq ornv rotn rov 1250"C. Eror oyr4 €o rpodKurnov onuo\rnKdq
lerdoetq rnq nAnpoonq rou xuliv6pou (xot enopEvorq r4q er6rx4q royr.roQ, .\oyr.r peioortq r4q
nuxv6rnroq rou geppou o6po erooyoyrlq.
fsvrKo unopxouv nolloi l6yor vro rouq onoiouq qflo|Tairor Uro Ueiopn r4q oepporpooioq
roryilpcroq rou oololrou Ko0onq. Auriq 86Boto 6tog6pouv ovolovo pe ro ei6oq rrlq
6repyooiog Ko0onq:
Irouq oev4voxvqr4peq 8o npdner or geppor(pooieq oro yrdvro vo p4v n6oouv xcror ono ro
onlreio 6pooou rou piypcnoq o6po - 9evcivnq, Ylcri EngopertxoQo nopcrqp4Oei uvponoinon
Bev(ivrtq xor wopr{4 - qnonAuon rou qitg )o6rcu nou etooeoleer rn Ainqvon ornv neproxn
rul aAor4pir,rv. To 9op6o Klooporo rou xouoilrou ro onoio 6toge0youv oro
orpogoloOdlopo pdoo, Turv;6rolitov, to onoio yoporr4pi(owor ono rn 06on rou onpeiou
90% Tnq KoUn0Mq cmooroEnq, Unopouv xcno ono rtq 6uogwiorepeq ou!€nK8q - pxpdq
6ro6pou6q Kqro ro )Grf6vo (U6 Kpoo 6ds6n xvnrnpo nou 6ev npoloBoiver vo eeorogei),
vo o6nvnoouv oE opoioon rou Ao6to0 Ud)@l Kor 10%. H ovuqruron 

^Tnq 
eepuoKpooioq

rorydlycnoq nqw dn6 ro o4peio 90%, qnorei osplroxpooieq 160 - 180-C oro yrdlvto. Edv
EnreuUoooope vo cnog0youpe rnv mdnluon rou lo6toU qn6 ologpoTepq KIooUaTo rnq
8w(ivrtq, q1. owiororyo UE To onueto 30% rrtq Kopqulnq onooroEnq nq gev<ivnq, eo
ctnoroowqv oepuoKpooieq pruvit tv rnq roEng rG,v 8O-C.
Erov rlnrnpo diesel eivot ptxporepoq o xivEuvoq rrlg g8opoq qno unoBo€Uton rov
hnowrK6v rErornrov rou tro6rou, oMo owiorotyo ou{r;pdvoq o xiv6uvoq 6t6ppt tonq eEorioq
r4q m6one Tnq gepUoKpooioq xcno ono ro orlpeio 6pooou rou xouooepiou, onore
onUroupvoowor offd(HrSO., H,SOJ qnd ro getogt nou nepl.;pror oro KoUolUo, nou pnopEi
vo 6rogprioouv ro xcnoign[o r6u yir.rviou. To onyeio 6pooou rou xouooepiou, eEqprqrol
Bd8otd qn6 14 peprxrl nieon tov u6pory6v Kot to neptexopevo oe oeio rou xouoiltou, rot
Unopei vd grooor rouq 18OoC vro urynl4 nEpleKnK6rnro oe geio.

To qvdTqTo opro geppoxpoordv oro Xrdvro, 0o npiflEr vo eEooQoli(ouv txwonot4rtxrl
Aeroupyio rou gilg lo6ro0. Oepyoxpooieq foot rol 200"C o64yoUv oe ouEnyivn q€opo
etrqrnpiov Kot Xroviov.
H Utyton eepuoKpooio nou Unopei vo nqpdnpngei oE Toi)OUo golopou Kouonq, eivot rnq
roEnq rov 30ooC ornv neproyrl ;rerofu rorv FolBi6ov ent rnq xultv6poxerpol4g. EEri nAEov
o xiv6uvog eivor ono 14 Oepptxrl roronov4orl r4q xultv6poxegoA4g (ot pnxov6q Bopdjov
oxnuoro,v rrlq bexoerioq rou 60 nopouoio4ov poYpdq oKplB6q oro o4yeio ouro).
AUo K0pror rponor gu[4q rov xtvnrnpov XpnorUol|orouwot or4v npo(4: n ||,0En Ue vepo xot
n q,UEn UE oapq.
Koro rrlv {ru€n Ue vepo, I ;rerogepdUevn gepuoTnro

(Dt : atA/T.t - Ttl,

o64yei oe ouEnon rnq geppoKpooioq rou vepou
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To vep6 ono6i6or rn eeppornro oro guyeio (wollorr4 vepo0 ' odpo), ogori npoeeppol€ei
o Kvnrnpoq xot ovoifer o oepuoororrlq, (ca. 80"C) '
:rov oepoqrurro xvnrnpo, ro odpo xor 4 xufuv6poxegol4 gipouv rrrep0Ylo. H ry0En Ue oipo
onogeUyer rouq neptoptououq orn eappqvon rou pioou (q€TlKo yoprlAn €eppoxpooio
gpoouoo rou vepo0), onoq xot rov xiv6uvo fi6 ro novotuo rou vepoo ortq Xounliq
gepUoKpooisq.

BdBoro, eEorrioq rov Xolinlorepolv ouweleordv owctYoYnq:

9otoo

qnoreiTqr gooer rrlq oxaonq (2.2) not0 peYol0Tepn 8nlgovelo evoMoYnq:

*r 25.'.60.

nop6tro nou B69oto 11 entrpenoyevn ooEnon rnq gepuoKpooiqq rou qipo VUEnq eivql opKero

Ueyolorepn (:X.10€)

millt lvt-
Tempefifur

dtttZyL
I€mFmiur

aro
Aw.

lo
flilll.(lJlt-

6€nempgurt

:XnUo,tO3 €eppoxpooieq rolxLrUqlt rv Kol pauoroo xcno rnv {roEn Kvnrnpo pe oipo xot

vep6.

l-ro ro loyo outo, n efr,rreprxfl enrgoveto ruv rnepuyiov ivoq oeporyuxrou xtv4rrlpo
ouvrorcrTor vo eivot 30 - 50 gopig ourrl r4q EnlgovEtoq rou eplotrou.

Mero6oon e€ppdrqroq x<rro rnv qtuEn Ue oepo.

EEd egopgo(erot n gelrpio ru| mepuyittv Kcno rq U6vlun 
^e|ToupYio'onoxotiiorbr<ir eni rrlq enlgweioq rov mepuyiorv pto gsppoKpctoloxrl xorwo14, nou o6nYoi

oe pro ronrxo Erqgoponornpdvn onoYo,Vn gtpu6rnroq' Iuyypovr,rq, roro rr1 6io6o rou o6po
p6<io cnO To rrrepuYto, oMo(er xot 4 6tx4 rou eeppoKpooio. K<rro rnv npoYtlorlKn
ierroupyio, peropoltrowor toyupo ronrxo ot ouweleOriq por1q, onore 6togoponotouwot xot

or ouwaleorig ouvoytlyrlq.
Ooov ogopo rn Uop,pn rLrv rnepuYiov, unopxouv ro iolo rrT8puYlo, nou exxtvot]von6 ro i6to

enine6o-(nx. rnepuvto xulrv6poxego}4Q, onr.rq Kor To KUKITKo llrepuyro, ro onoio sKKlvouv

ono rrlv nspreip8ro ov6q KutrvdplKnq Uopqnq o6poroq (x0ltv6poq payovnq).
Onoq eivoi Woor6, Vto Tnv oflloUorepn nspinroon mepuyiou Ue opgoyovtKn 6toroyn'



l?f

unop)Gr n ExgEnKR l0on:

^ ^ cosh n(r - h\(7 : (,0 --------:--:-- ,cosn (r?/r,
(D*1

onou
(r0.5)

Kor n qnoyl,yn geppornroq eivor:

(Da : Oonrcla tanh (mhl .

ani 11 Oepyoxpooroxq 6rogopo oro oxpo rou mepuyiou:

006)

^ @o (tot)tr"-r - frs6 lzrr) '

H snlonornnKn opror(n ouvORKn nou l4ggnKe un6q,n, ofl 644o6[ 6ev undpxEt gepuoppon
qn6 ro oKpo rou Eropuyiou, rqluer pe opKern oKpiBEro oTny nepirrnJon tromov Kot UEyolou
pRKouq mepuyiov.
An6 ro :X. l0l, V'i,opoi vo nopqrnpnoEi 4 ;reroloA4 rov ouvopr4ozuv 1/cosh(mh) xor
tanh(mh) pE o0Enon rou prlxouq rou rrepuyiou: nopor4peiror orr q on6lero oeppornrqq
ouEover U6 oKeerKo rp6no, Kor ov6 ovo perdvsror n OeppoKpootoKn 6tqeopo oro dKpo rou
rrT8puYiou, on6Te lteTo qno Konoro onueio €ivor wrrorxovol.rrxo vo entunK0vouuE xr ol,lo ro
rrTepuYro (e66 noi(sr polo ro Uiys€oq m).

- 

;ii

:yapof04 luvoprfioerq unotroyropo0eeppopponq oe rnepuvro.

Ernv npoEn ro mepoyro XrjToot6npdtv Kuliv6pov Kot Kegqfuiv 6ev lenepvouv ro 40mm oE
pnKoq, evul ouro ono Kpouo drouprviou ro 70mm. Ooov orpopo ro floxoq, To UEv
Xuroo6npo axouv K(Iro xqvovo 2-3 mm noxoq, ro 6e ono Kpopo olouptviou nol 6q eopiq,
UeptKo 66Koro rou yrAroorou.
no rnv eK9poon rnq ollors^EopqTtKornroq proq nruyurr4g enlgovetoq, unopxet o 9oguoq
on66oonq n6 (n Bo0yoq onoreleoporrxornroq q,). Auroq eivor ro n4lixo rnq npoypqlKo
cnoyouevnq 0epu6TnToq, npoq ounv nou 0o onoyowqv eov n uflepoepuol(pooio KcTq
UnKoq rou mepuyiou 68v eAorrdvowcrv, oI o 6rorrlpo0oe rnv flpn nou 6xet orn Boon rou:
€=9o. Fro ro ioro opOoyr.rvrxrlq 6rcnop4q mepOyro roy0er:

1ls!.
f slr'
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tar^h (mh\
(108)

H noponovo oxdon yevKeoTnKe ono rov Th. E. Schmidt yro onorq64nore popgn rrepuviorv
onr KuhvdprKnq n Enin86nq snrgovEtoq oJq 4nq:

tanh -f,1a:

onou ro xopoKTnproTrKo uiY€oq x 6iveror on6 Tn oxion:

X : row. (lOfO)

O ouwaleorrlq g lopgqva unoqrn Tnv engovero 66poonq rou nrepuyiou (EX. f0,5).

IXnUo ,0,5. Merogotrn Tou nopoYowo g Vlo KuKIlKo l(ol opooYovlKo mEpuYlo.

Ooov ogopo rn poR rou o6po yaoo qn6 To mepuylo, ourn o6nYEi nowo oe ou!€nKeq
eEovoyr(ooHivnq ouvqv0jynq, eiTE pe Et6tKo ctv8utornpq, eiTs eEofioq rnq Kivnonq rou
oxnUoroq (6ixuxlo). Irn 6e0repn nepimoon, unopxel rivouvoq unepedpuovonq oE

crvogooerq pE nMpn roXU Kot Xopn^dq Toxurnreq Kivnonq, omuoroq. Anogoolorrxnq
onHooioq ylo Tn Me, Eivot n mdron Tnq ToXUTnroq ponq rou odpo oro ev6lopeoo peroto
rGrv rrepuYiov (Ex.,0.6).

E6ri noi(er onpcrvrKo p6tro ro ei6oq rou optoKou otp6poroq nou oxnpcrTi<srol ornv
enrgovero rou nrapuviou. :To orpdpo ouro, eforrioq rqq 6poonq rou lE66ouq rou peuoroU,
flopcrnp6iTor onuowrxn rrT0ron rnq rowTnroq, evd n eE0Jrsptt(n pon 6ev en4peo(erot
Kooolou. Eov Oeopneo0v ro rrepuYlo oov nloxeq nou neplppdowol str€ugepo Koi ono rlq
6uo Ueprdq qno o6po, (:X. la7), ror8 Yiverot Korovonr6 ort dvo onuowlKo rUnuo rou
nrepuviou Bpioxeror nprv ono rr; ley6;lev4 UEToEoTtKn neptoxn, on6TE n poR ovonToooerot
nopoMnlo ornv nloKo, XLrpiq vo nepr'yer ouvrordoeq Kogereq oflq Ypoppdq ponq. ETol

orrlv neproyn ourR n Me Yiverol Kupioq ue oYovR u6oo ono ro orp0ruoronolnudvo peuoro,
xor o ouwetreornq MO eEoprorot opeoo on6 To noxoq rnq orpornq optoKRq orlpoboq. To

(r0.e)

R/ro f0r (reFrippen
bn/zro liir eckrF Rippen
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:XnUo'tO.B. Karqvofn roXUTRTov yro prxpiq xor peyoleq onooroo€lq perof0 mepuyitl.

nqloq ouro oufcver pe rrlv onooroon xoro Unxoq rnq nloKoq (:X.ro' 7) xot toyuet xcro
npoo6yytorl:

lra,l'tl

6,o 4,64

".|fr

ZXnVd'1o,7. :TpG,T6 Kot rupBti6eq oproro orp6po oe neptppeogevn ntroKo.

onou o oprOpoq Re oy4pori(erol Ue goon ro z Kol rrlv royUr4ro ponq w.

Ev6elxrrxo wogcperor, orr yr oipg ngu p,Et pe royurrlro 20 m/s oe €eppoxpooio 6ottloriou
ytpo on6 nloKo (v=15.5 x 10{ m'/s), ro noxoq rou orporo0 optoxo0 orpdpcnoq oe
onooroon 0.1m on6 r4v otypr; eivol 1.3mm.
Baporo, pe rnv undppoon evoq xpiorpou op€Uou Reynolds' ro orpdpo UeToninret oE

TUpBd,[eq (:X.rO7). O xpiorpoq qprgp[q Reynolds 6ev pnopei vo npooftoptorei Ue opKeTn

oxpilero, oMo xeirot ornv neploxn 100,000 -'100,0m. ouolKo n pon pnopei vo 6toropoyrei
on;rqv opy4 rrx. Uo crv€tlornpo, on6re peronimet euxokirepo oe rupp66eq ro oploK6
orp6uo. Ooov ogopo ro noyoq rou rupgd,Eouq oproxo0 orpdycroq, loXUEl n nopoKoru)
flpooayyron:

6," 0,384
z Reo'2 '

'?
,a' /?

UoJ2)
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Or nopoxdro oyioerq divouv Kqrouguvoerq yK! TrW Eloporn onooroon pero{0 mepuyiurv
(6ev €o npdner vo o)"\nloenrKo^0mowor rq optqKo orp6uqro rolv 60o rn8puviLrv), on6Te
npoKonrer n nopoKorul oxdon yro rnv oloxoTn on6oroo4 Uerotu fiepuyic.rv:

s1 ) 2d1o : s,za y'ffi /a) - r,r .-
\10I

flo w=60 m/s xot Ren, = 2y1gs. Aurn n rrpn egopp6(erot nX. o1q oKpoieq ou!€nKeq
Isrroupvioq rov mepuyir.rv oaponoprxdv xvrlr4pov.
:ro EX.l0.8 nopouoro(eror n UeroSoM rou ov4yl.rivou ouwelsorn MO oov ouvoprnon rnq
ponq d6po y0pu, on6 mepuyro 6rog6pov ttopgorv xor ufuxritv.

- 

Kirntulldrrchsotr dtr

lyapoloS. MO oe mu;prr4 emgovero ow ouvopr4o4 Tnq ponq o6po yro 6rogopo ei64
Kor u^rKo rnepuviorv.

Ooov ogopo rdpo rov npoyycnrxo ouweleor4 ouvovovnq xanq rnv rupgd6n pon y0po on6
ro mep0yro, roxuouv or Woordq oxdoEtq yro rn pon ew6q oo^nvorv, 6nLrq Kor vupu, on6
odu(ITo, Kqro^trn^o npooopuooudveq opropdveq gop6q yrovo oul.rgr.rvouv Ue ro nerpopoflKo
onoreliouoro.
l-ro pro npooeyyrolx4 errip4on rrlq onorroupevnq ponq po(oq oipo ql0tnq qvo povoEo
nopoyopevqq rolUog yro 6rogopouq r0nouq xvqr4ptrv, ;lnopo0v vo lngeouv or nopoxoror
Trp6q:
-Krvnrnpoq diesel on'sugeioq eyXUoeoq:
-xvqrrlpog diesel 6rorpepivou ootropou:
-Pw(voxrvrp4poq:

Msro6oon eepu6mrqq Kqrq rnv {ruEn UE vspo.

Eneron oe xrvqr4peq XoUnIRq etdrxqq toyuoq, n q,0tn He vEpd 6EV nopouoro(sr r6roirepo
npopl4poro, oro Eoepo nou eloogotri(eror Eropon ror expo4 rou vepo0 ryuEnq, ro oXETrr(o
eyyetpi6ro 6ivouv onlo rnv roEn peyd€oug rov ouwe,\eortiv MO on'r4v ntreupo rou vrpo0.
Avolovo xor pe r4v royr.lrnro ponq (ornv neptoxn 0 - 5m/s), ot ouweleordq ouroi Bpioxowor

IE

c:
EI
frl
elql
tl
=
E

m*'-= 7o - 60 kg/h kw
mxr= S - 95 kg/h kW
m*r= 50 - 75 kglh kW
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cnnv n8plom
qr = 350 ... 10,(m W/m'K

Tpeiq pootxiq popgdq e{odrou,v yro ro ouwetrEorn MO 6yow nporoOei xoro xorpo0q:

O Wanscheidt d6ooe rnv nopoxoro oydorl yro ro o o(Iv ouvoprno4 rnq rowrnToq rou
vspoo oe m/s

H ox6on ourn o\ ro8i wreldq rnv eniopooq rox oro€egiv olnq rou gurrrxoo !6oou, nou
oMo(ouv eEd.Iou Kot Ue rn €eppoxpooio. Enionq owoei r4v eni6poo4 rqq yeoperpioq.

O Strglt d6G,oo Uto releir,,lq Erogoperrrnq popg4q 5xgpoorl yto ro o ouvoprnoet Tou q
NV/m"l

4t : 350 lzrOO,/6 W/mzK,

4: L,5f'4 W/ms K.

Nu : 9,27 1160,e p"o,t (f f g . 10-01,

@14

00r3)

tro.l4)

e66 no.tr| owoeiTor n enidpoon rnq roxurnroq ponq xor n 6poon r4g owxoq vepo0.

O McAulay nofu, ypqolponoi4oe 14 €er,rpio rqq opotdrnroq vto rnv nEptypogn rou
gotvop6vou, onore n ox6on rou Eeiyrer erroq ono r4v eni6poon rnq ponq, r4v eni6poo4 rov
tEtornrov rou guKrKoU pioou. :ov rpiro p6ye€oq eniEpoong 6p)Gror n nuKvdrnrq
oepuopponq:

O 6poq nou nepr6yer ro q, IopBqv8| unog4 rqv eygovron rou unouutfiou Opoquo0, nou eivor
nol! €uvorKn vro rn Mg. Eror, pro nolu upn$ nuKv6rnro Oeppoppo4q q =i O6,LVlm2, o6nyei
oe 6ntroorooy6 rou o, vro i6cq ouv€nKeq poaq. (Ol optepoi Nu xor R! unoAoyiiowot pE rn
6roperpo rou KuAiv6pou o<n, XopoKrnptorrK6 pnKoq), lro€ep6q 0lnq yri rn UtongoppoKpooio rou yurrrxou pdoou.
B69oro,-_evti 6n0rq eEnyn8nKe nopollqvo, eivor yvoor6 orr 4 epgovro4 lpoolrou pe
guoooAi6eq o64yei oe onpowrrn o06non rG,v ouweAordv MO, w'rourorq, rooo'peyo),r;
nuKvornro Oeppopponq apgwi(erot ;rovo or4v Kulru6poKego,\n Kot oro qvo rgntlq rou
XTorviou.
>To undlorno (peyol0repo) rpnpo rou yroviou, 6xoupe Koeopn ouvoyr.ryrl, 4 onoio
npogovdq EEoprqror sn6 Tnv rqruTnrq ponq rou vepo0 rp0[4q. Or our€rtxoq bonq B;go,o
y0pur- on6 rouq_Kuliv6pouq, 6ev pnopouv vo npooEtoproro0v Ue oogrlvoro.'H ro1trnro
Kuuoiveror UeroE0 0.1 xor 1.5 m/s.
:Trq nsproxa_q nou n roxurnrq n6gret Koro on6 To 0.1 m/s, opyi(er vo noi(er Konoto p6lo
Kor n. el€ugepn ouvoyLJyn, onoq ny. ornv nepimoon rov X[oviov 

-evog 
peyoAou

unepn\4poopevou Krvnrnpo Ueooioq ro[4q orpogrlv pe 6royerpo x 6ro6pop4 520 x SSO mm,
:x.to,e.
Eivor ronov gqvepd 6rr Ktrro rnv q,uEn uE vepo, ouvowdwor or(6pn Kol orov i6ro runo
xvnrnpo, ewe,\tiq Erogopeflxiq ouv€nKsq Mg. Mio oxprgdorepn unoloyrorrxrl rpoodvyron
0o npaner vo loplover nqwo unoujn ro noluopreuo qnoreldouoro nou unopyouv or4
Brllroypoeio yo rr1 po4 Uioo Kot y0pr.l ono xovolo. (no rouq peyolouq xiinrnpeq,
Bpo6uorpogouq xor peooioq roEnq fipoe6v pe peyo,\o pnroq ylrulvir,rv, 4 po4 rou vepou
iyer r4v xupro ouvrordoo rrlq xoro p4xoq rou yroviou (>X.lO.g)t
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Impot6.9. Xrrdvro evoq 4-Xpovou Kvnrnpo diesel Usooioq roEng orpoprirv, KcrooKeunq
M.A.N.

AwioEro' orouq roxuorpogouq Kvnrnpeq diesel rov enrgoflKdv, enrxporei n Kogern
ouvtordoo (:X.lo,l0), o0pgt lvo pe r4v ovotruo4 rou Willumeit, o onoioq erpcippooe enrrupirq
ro 6e6op6vo on6 Tn Ue0o6oloyio unotovtoytirv wo)u\oxr6v €eppornrtq dbipnq oo.,fnto,v
ornv nepi[Toon ourn.

:XnUo_10,10. fpqplaq porlq xor 6rov0oporo roruTnrov rcro 14 po4 rou quxrrxou vepou
oro odryo 4-KUI|VEpou xvrlr4po diesel entBqnKou oynporoq.

Bdloro, 4 uerogopo rov ono.retreoporov oTrq npoypoflxdq ouwnK8q qr0Enq rou Krvnrnpo
onorr8i onpowrxdq perorpondq. or ouvorlxaq nou enrxporouv oe evo eilyo6raproKo nEipouo
pero6004g eepp6Tnroq o8 0x60n pe ro roryrirporo, rn uopgn rouq Kor i4v xogopor4ro rou
rpuKTrKou pdoou, 6ev onqwowqr oe Koulrq nepinroon orrlv npo[a. Erbrro oureq or
ouvenKsq opoq, ernpeo<ouv onorq sivol Woor6 nol0 Tnv epgcrvton rou gpoopo0.
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Merogopo Oepuorpoq rcnq ro Bpaouo.

Eivor yvoror6 6rr rcr6 ro Spoopo pe guoootrioeq, ropqrnpo0wqr eforperrxo peyolsq
nuKv6rnreq 6eppoppo4q.
H epgovro4 proq guooo,\i6oq rpounog6Tet nolu UeyoAn unepOippwo4 rou neprloltrowoq
uypoo. nop'dtro ouro, os ouyxerprpiveq oaoeq ptoq €epporvopw4q anrgoveroq (erei onou
unopxouv or leyopwor nup4veq), nopcnqpeiror o oyqporropoq guooo,\i6ov oiop4 xor pe
UtKpn undp8oon rnq geppoKpooioq !poopo0.
or nuprlveq ouroi npox0mow rupir,rq cm6 o0loKoq o6po, nou dnproupyouwor e{orioq rou
nop66ouq xor rrlq rpolprqro! 

_n_ou 
noporqpeiror dlq Kqspvoopdveq enrgovereq, 6nia6n

or4v neptoy4 rnq oproKrtq onpo6oq. {orioq rr;q oufrlpiv4g eeppoppo4i nou onoieiror
yro,r4v e{c1rn4, npox0mer pro une@dppovon rou neprBd ,\owoq vepdu ri plo nopcm6poqv0ryoon rnq eeppoKpooioq rou rotplporoq (Ieioon rnq 

- 
eniqovstoq, vepou nou

nopolougovel rn o8ppornro).
Ie 6e0rep4 goon oxoAouo8in wo),foyn gepUornroq peroE0 Tou unEpgeppou vepoo olnv
neprom rnq oproKnq orrB660q, Kor rou qTuoo rnq guoooli60q nou 

'6yer 
oniororyrlgeppor(pooio 

UE rn geppoKpooio Bpoopo0. Me quEnon rnq eappopponq'oufcwow or
guoooi\iEeq fi^lq orou onoxoMn€ow_qno rnv Enlgqv8ro. H nopoyroya'fuodox6r.rv oe pro
06on Bpoouou -ouveyi(eror 

pe rnv i6to ou)(vorflro, nou eivot crnrorpogo4 wdloy4 rqq
rerpoyoux4q pi4oq rnq 6roperpou.r4q guoooli6oq. Me r4v onoxoM4on'rni Ouood,li'Ooi,
Tn 06on rqq noipver no.h ro vepo. (:y.iOJ 1 oprorepo). M6 Tov rpono our6 6ilroupyouwor
6iveq xowo or4v enrgovero, nou enrxporo0v Koes dilnq ouvtordooq rnq royur4r'oq rou
peuoro0,

:XnUo r0.l 1. ly4ponxrl nopooroo4 rov drepyoorrlv Koro ro Bpootto Ue Quooo,\i6eq.

Me rov i6lo rpono leroupyouv ror oleq or guooo,\i6eq nou eforrioq r4q p4 roopponioq
yerofu r4g roo4q or4v enrgovero rouq Kor r4q nieo4q ono ro elr,rripixo roug, eire
eKpnyvuwot, eire oupprrvdvowor.
Kcno 14 ouppitooJon, ro neptBoMov peuoro enlroyuveror cn6ro;.ro npoq To x6wpo r4q
guooox60q, pe ouvinero rq 64;rroupyio K0uoroq nieonq, nou unopei vo npb€evnoer'4nprii
oro roiKJpo orov eivot xowo.
To gorvopevo ouro l6yerot oflnloioon.
Me r4v oofnon rnq ooppoppoRq, ouEovet o opteUoq rov g6o6(,)v eforyro4q, onore
ofronorouwor 610 Kol oogovdorspor nup4veq xor noporqpo0wor ouyxpo0jerq guolotri6urv
or onoieq reNKo ouvevdvowor oe avo g|)rp crpou, nou ornv rEItKn rou'goon onopov6ver ro
roix.ruo onqgo uypo (:X.,o.tl 6eEro).
Or drepyooieq ouriq owonoxpivowot oro droypoppo gpoopo0 rou vepo0 (Zylo:l/ll.
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:muolo.l2. fluxvorrlro oepuopportq oov ouvdpr4o4 rou Euvol.rtxou 9poopo0 AT,
(KoUn0An Bpoopo0 Us el60gepn ouvoytlyrl).

Eivor govepd orr w fenepooet xoveiq ro o4peio B (bumout), nop<n4peirol qnoropn ouEnon
Tnq unepeepgoxpooiog rorpiporoq ornv oorogn nsplom, nou pnopei vo fenepooet 14

UnXouKn xor yqgrx4 owom rou ultxo0, pe enoKdAoueo rnv ooToxio.
Or noponq\&r neprypogeioEq 6epyooieq, Ko.lorrouv Kot ro l8Yop6lro un6qurro Bpoouo
(subcooled boiling, Verdaempfungskuehlung), Yn rrlv nepto;it1 Tou cvtovou Bpool.tou Ue
guoooli6eq. Ir4V nepimolon outn, xoro rrlv onoio n geppoKpqoio rou vepoU ndpqv rou
oproxou orpdporoq eivor yolr4lorepn rnq gepuoKpooiqq BpooUo0, go npdnsl ro oploKo
oTpdUo vo ppioreror oe undpoeppn Kclrooroon. Flo vo prlv unepoepFo\i€ei Kot ro un6lono
psuoro dn6 rn oeppornro nou extr0et n oupn0rruo4 rox guoooliEt tv (:X./0.1 1 Kawpo), eo
npdnel vo p6er ouveydrq v6o xpuo vsp6 pE UeYotrn roxurnro. Erot npoxumouv ol Kopn0)€q
Tou :X.rO.l3, nou eivot perorontoydveq npoq ro novo 600 oufwet n rox0rnro.

-..=.._ Als,l,r - Is

EXnUo./413. Kopnutreq 9poouoo pe drogoperrx6q roxuTnreq, ponq.

--..-_ AIt'I.. -15
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ETor enruvxqvowor ugnlolepeq nuKvoTnreq ospuopponq, e{orioq rou 6Tt n pon Boneo ro
oxnU(nrouo v6ov guoooli6r.w Ko€6q onoxereosr rq nponyoupeveq.

Melagopo eepponfrqq Kqro m onn roiroon

Mro rdroreporryo Kcnq rn MO oe opropdvouq u6p6ryurrouq xvnrnpeq ug4t4q onoEooeoq,
ouu8oivet orw epgovi(erot onnloioon oe ouyxerprpiveq roproxdq orqv e{oreprxn nAeupo
rov yrovir.rv, oflore nopornpeirot npoopn gOopo rou rot1ip<rroq. H onntrqioon
6nproupveiror ono ro 'ropnovrollo' rou eppotrou nou nporolei ro.lowr,uo4 rou Xroviou, rou
onoiou 4 etroonxn nopouopgoon eivor p6yor4 KogEro ornv Kivnon rou epgotrou.

7

6=

-'sJI

4*

Iyrtyo4O'14. Nopoypog4;.ro uno,\ovtouou rnq ooEnong rou optgpoo Nusselt, eforrioq rr;q
eUgwronq onqAoioo4q, oov ouvopr4o4 TGw XopoKrnptorrxtilv Aerroupyioq.
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To gorvopevo ouro pnopei vo ctwtpeTolnlorei Ue petrTiurorl rou uhKo0, rrlq oye6ioo4q rov
ororxeiov rou r(vnrnpo, xo€6q xot Ue oMoYn rurv ouv04xtiv lerroupyioq (nX. o0Enon rnq
nieonq oro x0xkrpo rll0Enq). l-evrxo 6pu,q 68v Unopei vo nei xoreiq 6Tl ixer Eonepoorai To

npo8MUo. (Eoycrorq eiye nopouoloorei xot e66 oe poq, oe oplopdvouq KNntRpaq opop{rrov
I€{.rgopoiov Volvo rou OA:e). Fr'our6 eivor ypnotpo vo omu(niosl KqvEiq Ulo etxovo oye'nxo
pe rov rp6rio nou oufqvst n Mg xqro rn onn)oioron, Ylori drot oufovouv ot gepgoxpootoxdq

6rogopiq oro roixr.,Uo rou Kulivopou xot nopcr4potrwot ouEnpiveq gepulKiq rooelq.
Eivor nopornpnpdvo, 6Tt n MO xqro rn onnloir,ron eivol rto],lon]oslcr qurnq nou
nopqrnpeiror oE KovovrKR lerroupyio rou Kvnrnpo (oro onpeio nou ex6nldlerot n
onnloioron), eEorioq tu,v guoootri6L,v nou oyrlpcri(owot.
H r6roou;p6rr1ro roloworonq roJv KNnrnpov eivol ornv neptoyrl on6 1200 - 6000 Hz, Kol ro
nloroq grqvEr ro O.o7 - 0.09 mm. Ol 8n|Tox{,vo8lq oTlq onoisq uno96Merol ro pdToI\o' Eivol

ornv roEn rov 2509 rouloYorov.
To volrovpognUo rou :X.10,14, enrp.net rnv erriunon rou optopoo Nu Koro rn onntroi0,on'
pe Foon rnv ronrKn nuxvornro Oeppopponq, rqv nieo4, eepuoKpooio rot roxrlrnro rou
vepo0. l-ro ro yoporrqprorrxo pnKoq d orouq op€po0q Re xot Nu, )oplqverot n u6pouAtrn
6roperpoq req 6rorognq nou eygovi(er 4 neptoyrl (ouvrtOtlq U€roE0 6no Kulv6popTurviov)'
orn pon rou v6po0, To vol.rovpognpo unotrovi4et rnv ouEnon rou op€Uo0 Nu eforioq r4q
onnloiu,onq. O opr6poq Nusselt X,,piq on4troitlo4, unoloyi(erot pe rtq yvooriq reyvrKdq rnq
Me nou neprypog4r(qv oro npo4yoUpwo.

@!. Oeourxi xoronovnon rov orot\eiov rou xlnrnoo.

Mo Boon rouq nopqnqv!, unoloYlopooq tov ouwd,eor6v M€ qno ro epyo(ogavo p6oo

npoq ro roiyupo xot ono ro roiyr,rlro npoq To ryuxrlxo p6oo, eivot dwqrov vo agoppooro0v
oi yvr,ror6q reyvrxdq . Yto rov unoloyrolro geppoKpooloKdrv ne6it w oto
4rBolo, To XTovro rqv xufuv6poxegoln Kot nq Bo^Bi6Eq woq xlv4rrlpo, Kol vo eKrlpneo0v
or4 ouv6yero or gepprKiq looetq oro orol\€io ouro, Ylct 669opo onUeio )€roupvioq.
To FoorKo npogtrnuo nou unopxet Ylo rouq unoloYlououq rgrotov ne6r,w,eNol n P8rpnuevn
ewovrl ronrx4 droeoponotnon rou ouwelcorn perogopoq gopporrlroq perofu epyo<opevou

Ueoou-Totpdpcrog, nou 6ev eyer Koropgu,gol vo npo$enerol orouq 6togopouq runoug
Kvnrnpov, onLrq yveror Ue rn XpovtKn Erogoponornon rou Ueoou ouwt€orn Me (Bf. nX.

4iouron rou Woschni). Or Euoxotr|eq qurdq B69otq, 6ev evot ruxol8q, Kol o9e owol oro
o4powrxo orpo8rfuouo rov oEpiov oro golouo l(ouonq, orlq no)"\8q eon8q Kouong pe rn
Erogoperrxrl e€ehEn rou gotvouevou oo Y8trovtKeq nsploxeq rou eolouou l(ouonq, (nnv
ovqloyo pe ro er6oq r4q dtepyootoq xouorlq 6to6oor1 rrlq g.loyoq oe 8)€ugepn n
efovoyxoopsvq pon rou oepo Kouonq,, Kol nloqv0,tq orov rpono Usrpnonq l0rv eepuol(poolov
Kor rov ouwel€orojv Me.
Orov Aornov onorrErrcr psvoM oKptBsto oE rETotouq unoloyropouq, unopxet n 6uvqrornro,
Yro ouYKeKprpsveq r6totrep4q onFoolqq 08o8lq oto ootrqpo Kouonq ouYKeKplpevurv
Kvnrnporv, ye er6rreq perpnostq vo AopBorowot yp4otpo onoretreol.loro nou vct Unopouv vo
E9OppOOrOUv Oe nOpOUOleq v88q KoTooKeueq.
l-'lop'olo quro,o unotrovropoq gspuoKpootoKov neEttlv oro noponov0, e{oprrlycno woq
KNnrnpo evor 6uvcrov vo ytvet pE enopKn oKpt8ato pe Boon optoKeq ou!€nK8q fiou
unolovr<owor ono rnv npooouotoon rou KUKtrou leroupyioq rou Ktvnrnpo. Auro E)€t
ono68rx€el cmo ro oXeTrKo netpouctro rou Woschni oa yovorulv6po roxuorpoQo l(vnrnpo
diesel (MTU331), onou egopltoorqxw nopoM4lo ot oKo^ougeq pe€o6ot:
- AErotroynon evepveroKurv too(uytt tv oro eEoprnyoro.
- Atroloynon UorpnUevLJV XpouKq Uero9oMopevov OEpUoKpootov entgovetoq rov orolxelLrv
Tou eo^oltou r(ouonq.
- AEro,\oynon Uovrlov eopuoKpqotoKov ne6rutv oro eUBoIo Kor oro XTovlo.
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To snorsleoucro rlrv nopon(Iv|,) epEtJv(dv enlBeporooo\/ Tnv ogrontorto rnq egro0Jonq
Woschni vro rov romKo Ueoo ouwsleorn Mg. H q€on npoBlEner Ue qKptBeto 14 ouvofuxq
gepuoppon ono ro epyo(opsvo J.teoo npoq ro ror)O)gctro rou golouou l(ouonq, onLrq Kot

lprproro rrq €eppoppoeq npoq rnv Kcgotrn,To EpBoIo Kol ro XTG,vto. To tbto ouplotvet Kot p€

Tn xpouKn 6roxupwo4 Tow ouweleorLrv Me.
BsBoro nsponpngnKqv or ywdoreq loxupeq rontreq 6toxupovo8tq rou ouwd\€or4 MO oro
opro rov drogopov eEoprnuoTurv, oMo nop'otro ouro rq g€pl.toKpooloKo ne6lo rouq pflopow
vo unolovtorouv UE opKsrn oKpt9ero Ue Boon louq rontKo Ueoouq ouw8tr8oreq.
To noponovu EroKorolovouv rn U€€o6o^ovto unoloytouou rLw gepuot(pootoKov ne6uv nou
n8prypogeror orn owqGro.
Is oxeon pe rov tonrKo Ueoo ouwelsorn Me, pnopEt vo Xpnotuonotnest ouugtdvo He rq
nqpoflqvo, n eErooon rou Woschni. nd rnv EKnunon rou povlpou gepuoKpooloKou ne6lou,
eo npan€r vo An$€ei dvoq XpovrKo p6ooq ouwel€ornq Me Y|q otro rov roxlo:

q-: I dg - r') dq|dq' 00.rs)

H ue€o6olovio our4 ErxoroloyeiTot on6 To y8vovoq ofl ot Ueroootraq rnq gepuoKpooioq rou
epyct<ou8vou p6oou erq@pouv oe eloxoro oo€oq ll6oo oTo eEoptnpcro rou odopou
Ko0onq (:X,t0.15), onore toluouv ot nopoxorot U6oEq npiq Ylo Tn 0eppoKpoolo rou
epvo<ouevou peoou Kot To ouwelEorn ouvoYoYnq npoq To ToiK0uo:

!*.: -:- | dT dqa^J
:ts

(ror6)

(fo.r4d": I ddpl Ide./s ls

onou ro 6e6oyevo rnq 6tepYooioq Inopei vo eivol unoloYtopdvo n perpngavo.

I 750

--- Gqslenperolur I

- 
lvondl€msltu'li-Tr

-- mdll€re VJondie4€rolur l.

1?

.K

I

6*. 1000

UI

:Xnpor0,l5. YnoAoyropoi
paroMou oe orogopo Boen
rpm. -'p

geppoxpooioq oepiou xot ro,\owdroeorv o8ppoKpooioq rou
xoro rn treroupyio xrvnrnpo diesel oe nlnpeq qoprio / 1000



/rc

flopo6erypo unoloytouou yro ro dpBoAo, goiVeror oTo :myo,0.16.

0ie*l-|loknt
Qtvtztl oMe I wEtE

ftIfitg
ftrlrtn:
thfrlwl
Aridh -
Yehhs,

Unt ),'htslb- lqtrzld-
tonw nqrh.

2-f6Ht t-lbhl

:Xnpol4l6. gepuoxpooieq lelroupyioq oro dpgolq KNnrnpov oxnuorov Korq Tn)€rroupyto oe nA4peq goprio.

3?i:i":?3l,lL':Tff :,5xl51orr 
rou ouwe^eorn M€ qno r.v r eupo rou oepiou, ro rv'

o 0.2 03u.t ui 0,6 0,9 l
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llh-llolorm
futzet oOeE I url?t"
&ltav
t/a{tub

unt : t'tsl?'f
z-fa t L-tohl

:XnUo | 0.17. Eni6poon rou oxnporo_q roueo,\opou xouo4q xotrou pey6eouq rou Ktvnrnpo,or4 6rox0povo4 rolv ouweleoidrv Md -. ;uB;i;. ''--"
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To :X.13.18 6ei;ver pro o).ln Egopuovn unoloyropou g8ppoKpootoKou nediou ep8o^ou yto
rn !e,\ir4 r4q eni6poorlq rnq q,Utnq Uc vepo n lo6t.

:Xnuol0,18. eepptKn Koron6vnon euBolou pevolou Eiypovou xrvqr4po diesel, xoro r4v
{,otn Ue vep6 n )ro6r (P"=8.+ bar, n=112 rpm).

Ero ryrlpo 10. 9, goiveror dvog unoAoytou6q geplroxpooroxo0 nediou ornv KuhvopoKegoAn
rou xv4r4po oM 403, nou ogeileror orov Koo4ynrn x. flqno: npoxarroi y,o tprdo,oororo
np6vpoUUo uno,\ovropo0 eeppoKpootoK6v ne6iurv oe' rulrv6poriqofei, ndnore)€ouqflK6rnro rou onoiou EnrFeFord€qxe ono erreroy6veq perprlodrq oe' rrvaiapeq
Mercedos Kor MTU.

Hfu:L

\j:]I
:r)*

.Jl

"*4irat l *iilt*"JriAi$}il,rr.riit't.ntxi,ia*il.*

:jnpo tO19. Ynoloytop6vo €eppoxpooroxo ne6io rutuv6poKego}nq, oe !u,oc z=O(Erenrgovero pe ro epyo(6pevo pr6oo). AroKpivowor rrs o'ox"iiolrpJua"yfior.irr-n ,i'iin ,ouxutriv.pou Kor rov Bot8i6urv. eroov0,ynq-.xor eEoyr^rvns. d,'*;o6il;i ini0*'rqowtororxo0v_oe eyKoporo ropn rnq xepqlnq oe Orybq z=2$mm l6eiyyouri On,lJOn nqEtoropdq VOEnq).

Olkililurg

i]. r!: r]4 !ru |,1,!rr r:: r:l rro !rll ri. rrr rlr tta raa tll
rra rrr tt. r:a rrt rl.
i.riii.Lil [; l!: ti!
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Ev6rogdpouoeq e9op1.roy6q rng ncrponovo ye9o6oloyioq, ouvovrdwol or4 oye6ioo4 rorv
BqlBi6ov €€oyoynq.
:ro :X.40,20, nopouoro(eror q unolovroUivn eni6poo4 rrlq ylvioq entKoluvnq rov 9o,\Bi6r.rv,
orn eepprKn KqTcmovnon rnq Bolpi6oq eEoyoVnq roxuorpogou rrv4rrlpo diesel urynMq
ono6ooer.lq..

0t

nornole Ausliihung

:l
:i

lmuo neo. Eni6poon Tou_flo_ooorou odpo ononluonq nou erooyeror orov xuArv6po, or4
espprKr, Kcrronovnon rnq Bo.\Bi6oq e[oycry4q royuorpofiou Ktv4Tnpo diesel.

onor-q eivor vv(,.,oro, oe riToreq n€prrqdlq oe peyo,\ouq Kvnrnpeq, egop;ro(eror xor ql0[4
rov.i6rr.lv rr.rv BotrFi6r.rv (:X.,1o21). E6ri 64proupyeiror x6r)ornro frSod ornu xegolq xor rogt exog rnq Bol9i6oq, n onoiq yepi(eror xcro io 2/5 pe Ncnpro.
Kor'ourov rov rpono, n Botr0i6o. .trerroupyei oq 0'eppoor,r,\4voq Kor rlgepfonspcnornrq rou oreldxouq nol,AonAoorogeror. Eroi,'6ev xoiyowor euxo,ro or i6peq.
Or €eppoKpootoxdq mrboerq nou nopor4po0wor, eivor 

'rnS 
,agni ,"u-so--loodd, f'6rnlooroo;.lo B6goro rou Kdorouq rnq go,t9i6oq. n eloir-orn 

'#orroupev4 
oroperpoq

ore^6xouq yo vo lsrroupvrloer 4 reyyrxq ourn, eivor 1Omm.

varb6!€rlE a6jd|r!.!

EXnUor02l. Bo,\Bi6o eEoVr,lynq nou rpoyeror pe Norpro.



ltl

H MO paroE0 Bo}9i6oq xor rou uypot orn geppoKpooiq Asrroupvioq Norpiou, unoloyi(erol
Koro ro yvooro (M€ oe uypo pdroMo, l, yro Pr<l:

Nu : 1,2s11go.sp*,' (?)"' (lo.1s1

Or opr€poi Nu Kqr Re unoAoyi<owqr UE Boon r4v u6poulrx4 6toperpo rnq U6onq 6toropnq
rou xoariporoq, xor ro h uno64lriver ro urpoq rou. H ql0[4 nepropi(eror oe xoge nepimr..ron,
ond Tnv qwioroorl_qvovqS Uero6O Bqlgi6qq - o6r1you, Kot roptvpogeTor cno dvo TE)Onro
ouwEl€oTn o.s400 [m'K.
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