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nPoAor-oE

To pogrlpro rrlq Oeppoduvoprrrqq, oro onoio eroqyerqr qno notru vopiq o veqpoq Qotrnrnq -
peMowrxoq p4yovotrovoq oe otrq ro [lotrureyyeio rou Koopou, eivot iottg ro Bootrutrepo rov
fnouddrv rou, npovpq nou 6uoruyt^lq, noMoi gorrrlriq Uqq ro qwrtrqpBqvowqt notru qpYq.

To npoBtrnpq quro duoruyurg 6yer Euoopeoraq snrnrooerq Kororn 6t6qorotrio rov unotrotntlv
;roO4porurv orrlv EvepyatqKn (xor oyr provov) l-leproyrl, 11 xuprorepn ono rtq onoieq aivot ort
Uqq ovovKo(ervo unoBrBo4oupa ro eninedo drdooxotrioq oa noMo qno ro Uo0nporo ouro,
ogou ivo onpown(o rpnpo rrlq ro[qq rotrovi(eror qno onpowrKct KEVo ornv Kctrctprton rou
ooov ogopo 14 @eppo6uvoprx4 (xevo nou ouvngoq ouvduo(owot pe eMtnrl Mo0qportrrl
xoroprrorl), ror oduvorei vo nopoxotrouOnoet oa ovtirepo enina6o.

t-lpoono06wqq vo Eroyvtiooupe nq orrieq yr'ouro ro npoplnpo, iyoupe xorolrlfet, Llerq qno
qpKerq Xpovto epnerpioq, oe rpeiq xoreuOuvoerq nou Bon0ouv ornv owt;ltronton rou:

1. Avuryoo4 rou enrnidou Mo0qporKnq KoropTronq, tdtoirepo oro KegoAotq rnq
Mo0rlponx4q Avo.\uonq, Kqt rov Arogoptxov Eftot^loeov.

2. flpooilxuon qno nolu vopiq rou evbrogipowoq rou gorrnrq, t^tore vo ovonnoet ro
poOrlpo 1.rioo ono rrq no.\unoixrtreq egoplroy6q rou orrlv npqEn, onore 6tontorutvet
To nooo ontrdq truoerq oe Euoxotro npoplnporo Unopei vo 66oet 4 @eppoduvoplKn
Avotruo4, npovpo nou rou oufoverrnv qurorranoi0non oov peMowtro0 MrlyovtKou.

3. EEqornon rou gotrnrn ornv exri.\eo4 xot enotrr1€euon unoloYlopov, orn Xpnon
flvorurv, Aroypopporov Kqr Atryopigpurv H/Y yrq rnv eniluon npoBtrnporov Ue Boon
rrq Apyeq r4q Oep;roduvoprx4q, epyooio orqv onoio oql.towtxtirrorn grion 0o np6nel
vo xoriyero oyoNoo;roq rov onoretreoporov Kor n ouoxerton rouq ps rnv eqoppoYn.

Exroq qno rnv 14 xoreuOuvon, nou 6ev nepvoar ono rq y6pto Lroq, ot oMeq 6uo ntoreuoupe
orr utronorouwotoe onpqwrKo Bo0;ro oro Tpqpo Mqyovo,\oyov Mrlyovtxtiv Btogtlyoviog rou
veoouororou flqvenrornpiou OeoooAioq, Bongouwoq Kor rou prKpou optgpou Kot rnq
uqrntrnq oroOprlq rov qorrnTr,Jv poq, nou euxopqoTe Kot rq 60o vo 6torqp40ouv.

To reuyoq quro ewoooaTcl onq npoono0ereq yro utronoinon rnq 34q xoreu0uvo4q, rot
pooi(eror or4v no)tu rotr4 ouMovn ooKnoeov nou neprexerqr orrlv 1 1n ixdoon rou bortpou
eyyerprdiou rov ouvqdilgurv x.r. E. Schmidt, K. Stefan xot E. Mayinger: Technische
Thermodynamik (Springer Verlag, New York 1975).

H nopouoo oultrovn trupevurv ooKnoeov, nopo5i6eTororo gorrnrn yto xor't6iov pe,\6r4, po(i
Ue Tnv ouMoyq 50 tru;ldvr^tv nopoderypcrrov nou neprexowcr oro ouyypoppo rou H.D. Baehr:
Thermodynamik (enrpritrero perogpoonq K.N. f'lqrrq), nou enio4q 6roviperotorouq gotrrlrdq

. pqq. Te.\rxoq oroxoq e6o, eivor n eAogpuvorlrrlg 616oorotrioq rov ooKnotuJv Tou po0rlporog
ono onA6g iworeg xor unotroyropo0q nou Unopei qverq vo pe.\erqoar Uovoq o gotr4rrlg, erot
tiore vo Uoq entrpctnei orrq 70 tipeq rrlq e[op4vroioq drdqoxqtriqq oro l-' efo;tnvo, vo
ovonrufoups ro owrreipavo oe otro ro n,\oroq nou npop)tinerot ono ro oxenKo OdnYo rou
Mag1paroE, nou, opotroyoupovoq,, 6ev eivor drotrou euKcrTogpovnro, Kot onoodnnote,
qnqrrei ro ou[qp6vo evdrogepov Kot ouUUsToXn rou Qotrnrn.

Botroq, IenrdpBptog 1992

A.M. Iropor6Moq
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1. Ee 6vo XqAuBErvo Soyeio nieonq oyKou Vr =20 l, nepteyeror udpoyovo uno nieo4 p.' =
120 bar xot Oepporpooio 0r = 10"C.
flooo Xdpo 0a xaraAa}et io nepExopevo rou \oyeiou oroug f C xar oe nieon I
bar, eov apeAiooupe rn UKpn anorciloq rou u5poyovou eno rn oupneptgopa
tdawxou aepiou ornv Karaoraon cturn;

Me egoplroyR rnq KqrqorqnKrlq e{iooo4q:

?".i;::XI:',
npoKunrer: v,:L ft:{H-ffi#'o,o2mr,

Y s : 2 ' 3 1 5 m 3 '

2. Evo oepon.\oro Zeppelin, pe oepo0otro;.touq XuJpnnKornrqq 2O,OO0 m3 pnopei vo
- yepioer evqMqKnr(ct UE uEpoyovo n pe nho. H nlqpurorl rou yiverot pe rdroto

nooornro, oors or rtreroroi oepo0otropor vo QouoKuJvouv ewetrdq oe uqloq 4,500 m,
onou enrKporei orpoogcrprKn nieon 530 mbar rol geppoxpooio 0"C.
Ilooa kg udpoyovo Kar iilo avriorotxq 0o onarr19ouv yn rnv nAnpuon ruv
9oAoltuv; Ti oyxo 0o xoraAopBevouv ot aepo)oAopolornv entgoven rni Yne, ps
crrlJooEapwi nieon 935 mbar xar ?eppoxpaoio 2tC; flooo goprio pnopei vo
onxuoer ro aeponAop ortE,6uo nepnruoerE @uvoArxo tpoprio, nou nepiloltBover
roug depo?aAopouE, To oKaqoE Kat ro urpiArlto qoprio);

Ie uqoperpo 4,500m, 4 ntr4pr^ron rov oepoOo.\opt v onqtrei:
p,V, 530 mbar . 200t[0 m3

i"": :ffi,,
Vrcr ro udpoyovo, xor owiororyo:

n,V, 530 mbor ' 200000 m3^"": fr: zsttzfrllkgx)-. zzs,rs K'
rn" : 18682,1 kg Helium.

yto ro Htrro.
Irrlv enrgovero rnq vnq, To odpro xqrqtropBover oVKo Vr, tou onoiou o ovKoq extl rnv
nopoKcrru oxion Ue rov oyxo V.,:

Vz __ Ft ?r _ 530 mbar . 293.15 K

n: p, r; : T5fiEer.lt5;i5K : u'ttuu

H ovt^loq nou 6eyeror ro oepontroro eivqr ion pe rr1 drogopo rou popouq rou exronl(opevou
oipo xot rou popouq rou oepiou ntrnpoonq ornv Korooroorl 1:

l-rq ro udpoyovo:

FrV,  l  1  I  \  530mbar .2 (X)000m3
7r-\n,; - E;)'s: ---- nsriK -

. (up*#oao- - r;rrr#E"t) . n,toouu * : tzgszoo N = r,24 nN,

Kor yro ro Htrro:
p r V r l  I  I  \  5 3 0 m b a r . 2 ( I ) 0 0 0 m 4

q_tr' \F; 
- 

E;lv : 
u5r5{=-

" (up**nta"i -m##ftr"t)'s'aoouu$: r M8824N= 1,r5IIN'
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3. Ie ivq r6ovtxo, releto Oep;.toltovttpdvo 0eppt6operpo ono qonpl po(oq mr= 250 g
(c^" = 0.234 kJ/(kg l$), nou eivor yeporo Ue vepo po<oq rn = 800 g xor geppoxpooiog
or'j1soc, (pe er6rx4 OeppoyurprlTtKornro co=4.186 kJ/(kg K)), ronoOerouwqt 200 g
oloupttviou 0epporpooioq 0" = 1 00"C. Mercj rnv qnoKorooroorl 0epptrrlq toopponiog,
nopor4peiTcr oporopopqn 9tp;roxpooiq 19.24 oC.

Na unoAoyrorei q e6w4 ?eppoyupnnKornrd rou aAoulttviou.

H geppoxpooio roopponioq rou ouorflUcrToq, t,,.,, nporunrer cno dvo roo(0yto evepyetoq
pero[0 opyrxilq Korooroonq Kor r(orooroonq roopponioq:

u:W:j'!'):j '!:!:
mcp + m.cp.*  m^cr"

4 oy6o4 qurn;?\truoei oq npoq to co", 6ivet:

(mco *  m"cn")$ -  t^)

- _ (n., kg . 4,186 
#h . 0,2b kg .o,zsn 

ffi) 
(lb .c - Ls,z4"c)

| ' P L _  -  
,

cr, : 0,894 t3- h

4. Ie ivq xtreroro doyeio nieoqq, oyKou V=2 m3, unctpxer odpog Oep;roxpooioq
or =2ooc xor nieorlg pr =5 bar.
Ze nov 9eppoxpooia 0,0o npinet vo Aeppov9ei ro 6oyeio, yro va avuqu9ei 4
nieoi rou oe_ pz= !0 bar; floon 9eppor1ra 0a npener va peraEipoul]E orov oipa
Yta To oKono ouTo;

Ano r4v KqrqorqflKn eEiooon, oerowoq V=cohSt., npoKunror perofu Tov Koroorooeov 1
rqr 2:

^  - P z -  - 1 0 b a r, , ,  :  
i " ,  

:  
s  tu " .  

293,15  K :  586,30  K.

l r  :  313 '15  "C.

H Oepporqro nou npener vq peroqipoupe oTov qrpq, npoKunTer Ue otroxtrqptto4,
uno0erovrqq cv = const.:

,
0r r :  J  mcudT  :  r nc , (Tz -  T ) ,

Fr u blt ' ,?, n".,, 
:,-: ,; -- l l ,g4 kg,nt : Vf,: o:usz t .t(t g r) '  zg:l ' ts r

k.r
Ql, : 11.e4 kg . 0,7l(i;!ft trte'ts 

'c - 20 'c)'

Qp : 1794'40 kJ'

c ? ^ :
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5. Mro ogoipq qno LrotruBr negrer ono uq,oq z= 100 m nqvoJ oe evo ox.lrlpo 6one6o, rot
Ue rnv Kpouon perorpdnerqr oln n KNnnKn rrlg evipyero oe DoorsprKn ev6pyeto. To
2l3rqg evipyeroq ournq UarqBrpo(owor orn oqoipo. H erdrxn OeppoyopnnKornro
rou Ptotrup6ou eivqt co-Gu = c = 0.126 kJ/(kg 10.
llou 0a qrcroet 4 9eppoxpaoio r1E oEoipaE;

H 6uvoprrrl ev6pyero rrtq Lrotrup6rvrlg ogoipoq po(oq m, npiv qno Trlv nr6on r4q, eivot mgz.
Aurn n ev6pyero 0o perorponei evreloq oE Kvnrrr4 evepyero, onora tttrtxo, Uerct rnv
flpool(pouon go npoKuq,el n nopoKoro crvutytJon rqq eepporpooioq rrlq oqoipoq:

* r o . o  
.  z :  m a t l t ,

. 2sz 2 ' 9'81 (m/s') '  100 m
at : 

ir,: J;0,r26 kt(kglq '

A t : 5 , 3 2 K : 5 , 3 2 ' C .

6. Evoq xrvqr4poq nedeirqr oe n=1200 rpm Us u6pou.\rxq ndprl, onore perporot pon4
orpiryrtq Ma= 4905 Nr. I n66r1 rporpodoreirqr pe 10 mo vepou rpuEnq qvq opo,
Oepj.roxpooioq eroodou 10"C.
flop n 1epltorcpaoia e{o6ou rou vepo} ano rnv ni6n, ecrv unore9ei on oAq n
royjE ni5nong Uerq&Ba1ercrr oro vepo, au{ovovroE rnv eourepxn rou evipyeru;

H oyuq rou r(Nnrnpo eivor iorl pe To ylvopsvo Tnq ponnq orp6qnq eni 14 youoKn roxuTnrq:

l P l : M a o : M a . Z r n

: 4905 Nm . 2r . 1200 min-r.

rp r  :  6 ,16 .  r * * ; -  :  61okw.

H royuq ourn, perorpenerorewetrdq oe 0ep;ror4To, nou o64yei ornv outnon rnq sourrsptKnq
ev6pyerog rou vepou V0Enq rrlq ubpouNxrlg n66nq:

lPl :4rr:  Mc(tz - t) ;  '  :  +,rsotfr-  '

Erot uno,\oyi(eror q 0apporpooio efobou rou vepou, oe

616 kW
4 :  \ L  a  , , : +  10 'C  :76 ,22 'C .

8000 kg/h ' 4,186 kJiftg K)
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7. A6poq pe nieo4 pr=1Q bar ror gr=25o0, oQnverqt vo sKTovo0ei pdoo oe EVo
xultvdpo oyKou 0.01 mo, nou Ktreiverol pe 6pBolo'
(i) rooOeppo
(ii) o6topqrtxq
(iii) notrurPonlxo PE n='1.3
HiXp niaon 1 bar pe otovei-orqrrx6q UaroBotreq xorooroonq.

Nq unoAoyrcrei o reilxoE oyKog onE naponavu nepnrboerE, xa1tiq, Kcfl n r|ilrci
]epporcpaoia xar rc dpyo nou nopaYeTat ano ro aepro. Iloon Qeppoulta
n1oo6i6erdl oro oipto ofle nspnruoetg 0 xat (ii);

O looOeppn peroBoln xorooroonc:

Me egoppoYR rnq KoroorqrlKnq eEiotlonq:

i;i;=Tfrfr,
npoKunrel o rehxoq oYKoq: 

v": ftv, 
: +#. 0,01ms,

7r : 0'1 m3'

To nopoyopevo ipyo npoKunrtl  ono rn ox6on: Ltt:pr.vlnfu:10bar.0,01m0.1n0,1,

Lrz: - 23'026 kJ

xor eivot B6Bolo ioo pe rn Oeppornrq nou npoo6i6eror (1re Boon ro 1o O.A.):

Qn:  -L tz :23 ,026kJ .

{!jI Otovei orortxn. o6toBortxn ueroEotrn xorooroonq:

O retrrxoq ovKoq diverot qno rn oxion Vlo rnv qdtoBqrtxn UeroBotrn:
p'vi: Pzvi

vz: v,(#)' '"

: o,o1 ms (+#)"'" x : L,4riir Lurt,

Zz : 0'0518 m3'

ror 11 rehx4 Oepporpqoio: x_l
r" : r, (2t\ cr. (b8b)'  ' \ P r l

:  298.15 K' 10,110.rtt ' r ,

Tz: l5/'4I('

evoJ To aqpovouevo ipyo diverqr qno Tn oxeon: 
r,*: ffilgf _ rl

10 bar . 0.01 ma -^ .
[0,10,.rr.{  -  1],

Ln: - 12,051 kJ,

ror BiBorq, 11 npoobtdopevq 0ep;rorqro eivqt Undevtxn:

Q p :  O .
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{!iU llotrurpontxn peroBotrn xorooroonq:

O retrrxoq oyKoq 6iverqt qno rn ox6on Ylq Tnv noAurpontxq peropoln KqToorctonq:
pJi :  pz7i  mi t  n :  L,3,

I , - :  v , (? t \ t ' " : 0 ,01  mr .  r o r r r ' s ,'  ' \ P z l

I'g : 0'0588 m3'

xor 11 reNxq 0eppoxpooio npoKunrst: 
.n_l

r " : r . I k \  "-  - \ h l

evul ro nopcryopeyo dpyo:
\
/

Kor n npoo6roolrevn eeppornro:

Q n :  L n = ,

Qn: - ta,zaur$lf,

8rz : 3'435 kJ'

8. Mro oepooouoro onoretreirol qno evq ruhvdpo oipq Unxouq 50 cm Kqt Otopdrpou
20 cm, o onoioq xtreiveror pre ivo 6119olo. O oapoq^peoo orov xultvEpo ppioxerol
oe toopponio pe rnv oruoogolpcl (P1= 1 at, 91= 20"c).
lloon evipyeru Kpouone pnopei vo napaAoBer n atpooouora, aqv ro dppdo
peraxu4gei40cm npoqrcr Kcrru, xat uno1erovroE o5ropanxi oupnieon rou aipa;
f\on Ao e[vot 4 reilx4 nieon xor ?epltoxpaoia rou aepo orqv nepinruon aurn;

O opyxoq oyxoq eivot:
, .  _  "d . ,  _  n  (0 ,2  m)2 .  

0 .b  m :  0 ,01bT ma,t t : - 4 o t - - Z

.. rdz. _ r (0,2 m)z (0,5 m _ 0,4 m; :  0,00314 ms.
l ' 2 : z - t | '  4  , - ,

[-tq ro rrrgitrrpo epyo nou nqpovst ro epBoAo, Ue Int1rn Unoqln ToU epYou Tnq oTlloogotptxilq
nieonq eni rou euBotrou, tro;tpoverot ono rn oxeon:

L o , , :  L t z *  p " ( Y z -  V t ) .

Koro rqv q6roporrxn oupnieon, o o6pog nopotroppover To nqpoKctro nooo tvepvelqq:

:  298,15 K. 10,1;tr.s-Drt.s,
T z :  1 7 5 ' 2 5 K '  

7 " ' : P r ' v ' [ 1 n " 1 t !  I
" - r L \ p i )  "  - t J '

2,, : 19_!gr:!,0!*.[o,to,r,.s _ rr,
Lrz: - 13,?4 kJ.

L n :

Ano rrlv crrpoogcrprxrl nieo4 yiverot ro eovo:
p"(Vz - Y) : L bar (0,00314 - 0,0157) m3

: - l'256kJ

Eror reNro n qepooouoro nopotro;r9ovet rnv nopctt(oro evepvsto t(pouonq:

[  " - l  ]

*le)- -'l : *\l(T;)"-'-rl
-li#Tl.t' 

[(ffi%).' -'1, L,z: r,b47kr
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Lo,,: (3,547 - 1,266) kJ,

Lo,,:  2,291kJ : 2291 Nm

H retrrxn geppoxpooio, profei vo unotroyrorei qno 14 oydorl Vto rnv loewponlKn oupnieon:

ra : r,(t)"_, : 2er,L5" (ffi)...,
fs : 658,05 K oder Jr : 284,g0 "C,

evo n reArxq nieon npoKunret ono rn Yvoorn oxeon:

F,: P,(h)' ,

,,:,ou"(ffi)""
Pz: 9'52bat'

g. Mro eyxorooroon nqpoxnq nrnreoprvou oapo, 0o npener vo nopiyer 1000 ttm37n
nenreopivou o6po orq 15 bar. O odpgq quroq go ovoppogcrrotqno ro oupnleorn oe
nieon 1 at rot Oeppoxpooio 0.,= 20"C.
Ilooa kW rcyI 0a npiner va iyer o ouUnEoTnE, nou )eupdtar XupiE ondAeeq,,
alv n oupnieon Yivefat:

0 rco9eppa
(i) adnflanxa
(ii) noAurponrKa pe n= 1.3

lloon ?epporrya npoodiderot orov aipo ofl; flepnruoaE fl xat (ii);

H nopoyq ovKou rou oepo nou ctvqppoqq o oupnreornq, ;;nopei vo unotroytorei notru qntrq
pe nopoytivton Tnq oy6o4q Ytq Tnv rooOepprl PerqBotrn KqTqoroonq (btepyooio 1.tovtp4q
ponq):

t, : tu Vz: Ls. to* H 
: rsooo $.

H nqpoxn ourn 9o trng9ei 11 i6ro Kcr orq rpeig neprnruroetg, Yto )toyoug ouYKplonq rov
onoretreoporov.

(D Kcrro rnv rooOepprl peroBotrn Korqorqonq, 11 geopqnKq onqtroul.tevn loxuq Ylo rn
oupnieorl diveror ono rn yvuorn oyiorl:

P s - :  p r , i r h ? t

: 1ba r .  15000Sro rs ,

Kqr npoKuflrer iorl pa: Ptg : 1128,35 kW

evo n Oeppopporl nou onqyarqt, npoKunrel ps egqppoYn rou 1ou g.A.:

Q , r : - P r r : - 1 1 2 8 , 3 5 k W
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(ii) Me orovei-orqnKn, odrqBonxn oupnieo4, n eeulpnnKn toxuq npoxunret ioq pe:

t ,  |  ,  . x - l  I
p _ _ F r v r l f & \ , _ r l' r s - x _ I l \ p r l  - l

l  bar  "  -^^^ ""  f  l '4- l  
.  l

\ :_ 
[ rs r , r  _ r l ,

Pn : 1216'49 kW'

d r r  : 0 .

(iii) Koro rrlv nolurponrxn oupnieon Ur nolurponrKo exOirn n=1.3, n esuJpnrlKo
ononoupevn roxuq npox0nret:

, r [ , . L : 1 -  IP,,:#i[(f f)  " _rJ

tlefi$r th [,ui# - ,],
Prs : 1205'73 k$"

Ooov ogopo r4v 0eppoppon nou onoppinrerqr oro WUKTIKo Ueoo ornv nepinroloq ourf1, ourrl
diveror ono rn oy6or1 (nou onodetKvutrqt euxolo!):

Q r r : 4  p *

:\#y. i2od,zak\\,,

4rg : -301,43 k\\ '.

10. E'evo X6po ovr(ou V=50 l, otov onoio ppioxeror o6poq oe loopponio ps Tnv
oruooeolpq (p = 760 Torr xor 0 = 20"C), go npenervo d4proupvnooulla xevo piypl
To 0.01 bar onoAurn nieon.
tlooo 6pyo anatreirat ?tupr1nxo Wa ro oKono elJro, eqv n avrAnon yivet orouE
zf c:

l-ro rr1 6r1;loupyio rou onorroupevou KEVou, 0o pnopouoope vq oKegroupe rnv nopoKoro)
oerpo ono olovei-oroilKdq Dtepyooieq:

Arp4voupe rov ctpxtKo oyKo rov 0.50 m3 vq errovogei rooOep;rq ctno rqv nieoq Pr =760 Torr
oe P2=0.01 bar.

Irq ouviyelo KpoTo;te 0.050 m3 ono rov oYKo ouro (ooo 64tr. ypero(opoore), Kol To
unotrorno ro fovooupnti(oupe oe nieo4 p.,.

To ooporopo rov ipyov nou donovqpe vrcr nq nopqnqvo drepyooieg, ouvunoloyt(opevou
Kcl rou ipyou rnq oTpoogotptKnq nieo4q, poq 6iver ro OeopqrlKq qlTolrouptvo ipyo:

L= - p t unll + pr(V"- V1) - Fz(Vz- Vr) ̂ lZ . n W#V2- V;) - (V2- V') |
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-L : |pz(# - r - nft), ?6ororr : l,or32sbar

: o,o5 ms. o.o1 bar(ffiH - r - r"ffi),
- L -- 4,785 kJ .

1 1. Evoq 4,\errpoKvnrnpqq roxuoq 5 kW nedeiror eni pio tirpo, xor q Oeppornrq Q nou
nqpqycror qno nq rprBiq Droyereuerqr oro neptBoMov oe Oeppoxpooio 20"C.
floon napoyuyn evrponiaq,6youpe or4v nepinruon ourn;

To onodrbol,revo ipyo eivot:

- L n : s k l v h : Q r s

Kqr n nqpoyoy4 ewponioq:

or :ef :,*H+: u,,n\t'.

12. No e[oy0ei 4 oyio4 rou Maxwell:

,#,<#,"
Ue rn Bongerq rqq 0epetrttirdouq e[iooorlg rou Gibbs:

dH=T.dS+Vdp

Onr,rq eivqr vvooro n ev0otrniq ptoq xo0opnq ouoioq, onoq Kqt o.\eq ol oMeg
geppobuvoprrdq ouvrsrovpavrq, Unopei vo ypogei oov ouvoprrlo4 6uo onott^lvbnnore oMutv
qveEoprnrov peroplnrtiv (ge ppo6 uvolt I xt^tv o uvrsToypivov) :

H :  H ( s ' P ) ,

ou:(#).as +(f i) ,an

Eivor opoq enio4q vvoorn (xor 0o npener vo rnv 0upopoore qno pvnpnq), q 9epeAri6nq
oyio4 rou Gibbs:

(4 onoio npoKunrer euxotro ,ou r**ooll,,;j,#lo our*ruo r.rs rov opror.ro rr1q, pioo rqq
roorrprKnq evepyerog, Kor orn ouveyeto eqoplJoorei ro 1o O.A. orn 6rogoprxrl rou Uopqn).
E{ror^tvrwoq rrq 6uo nopqnovo oydoerq, npoKunreroul-rgovcr pe rr'1Oeopiq rLJv ouvqprnoeov
noMrlv peroBtrqrov:

(#),: ' '  (#),: '
Ener64 Topcr n ev0otrniq eivot KqrqorqnKo pdyeOog, n peroBotrn rnq perofu 60o
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Kqrqorooe6v 6ev efoproror qno rnv nopeio rrlq dtepyooioq peropotr4q, opo:

xor enop6voq npoxunret: [*(H.1,:[*(ffi"L
(#),-(#).

'o, oYKoU Vr =5 m3, neptiyer qipo nieoqq p, =
(qt ro dL\o, oYl(ou Vr=2 mo, neptdyel qdpo
og 0z= 20oC, ouvdiowql ;rero{0 rouq pE
leouv ot ntdo8lq rouq.

f\oto 0a eivar n reilxi Karaoroon rou aipa ora 6uo 6oyeia, eav:

0 eivar Aeppoltovultiva o€ ox6on Ue ro neppaMov, QMQ avraMosoouv
9epUorrya pera{0 Toug, Kctl
0i) eivat 9eppoltovultiva Kat percl€} roue;

I\oon ewponia flapctYeTat pe rnv a€iouon t7E nieoryE Kat TnE ]eppoxpaoiaq,;
Iloto 6pyo pnopei va napoy1si eav n e€iouon ruv ndotuv yiver IJe avnorpanro
rpono, orrTv nepinruon nou ra 60o \oyeia 6nr4po0vrat ouvexuE oe gep1trcr\

rcopponia pe ro nepBoMov, ?epltoxpooiaq,2tC;

(i) Koro rrlv ovoprfrl, 6ev UeropqMerqr n ouvoNrn eooreptKn svipYelq rou oipq, Kol
eeooov n erdlxn eooreplKn evipyero rou odpo geurprl0ei oov ouvoprnon qnoKtretortxo r4q
Oeppoxpooioq, 6ev 9o pero8trngei xot 4 Oeppoxpooio.
[lpv ono rrlv ovoprf4, neptiyowqt orct 6uo 6oyeio, ol nopqKorul po(eq qipq:

p , V ,  I  b a r ' 5  m 3
n : -

B. T 0,286 kJ/(kg K).293,15 K'

mr:  5,96kg,

*r:#+:
mz: 47,7 lkg

2 0 b a r ' 2 m 3
0,286 kJ/(kg K).293,15 K '

I bar .5 m3 * 20 bar. 2 m3

onore n ouvoXxn po(o eivot:
m ! + n t r : m : 6 3 , 6 2 k g .

l-to rov unoloylol.t6 Tnq relrr4q nieorlq oro evtoio ntriov 6oyeio, egoppo(oup8 rnv
KorqorqnKn eEiouron npv Kot ;tsro rnv ovo;.tt{4:

rny * m" - P(vtl v) :

Eror npoxunrer n evtqio reNx4 nieo4:

e:^Yi+++ :
? : 6,43 bar'

(ii) O oipoq Uoeqq m2 tKrovoverqlqlo nieon P2 oe nieoq p, Kcrl o odpoq po(og mt
oupnre(erol qno nieon p1 08 nieon p. Eov n eEiordon rov ntioeov yivet owlorptnrq Kol
tooOeppo, Tore pnopei vo xep6r10ei ro nopoKqro 6pyo:

:  6,43 bar,
5 m 3 + 2 m 3
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L: pzVzr"oi  -  pLl ,rhL

: 2obar . 2 ̂ t . lrrS - 1 bar . s ma. ln ir.lr,

Z :  - 3 6 0 8 , 5 k J :  - 0

ror iror 0o npoxutpel n nqpoKqro ouEnorl evrponioq:

ou:+:ff iH:r,, 'rf
Koro r4v eEioc,ron Uovo rov nrsorov, Kcr oxr rt^rv geppoKpootov, npox0nrat 4 i6lo reNrrl
nieorl p=6.43 bar, ono rn ouvgnxn oroOepnq aooreptK4q ev6pyeroq (1o e.A.). Iro doyeio
2 eKTov'uverqt o odpoq o6roporrxo Kcn owrorpenrq qno rq 20 bar orq 6.43 bar, xot efotrioq
crurou qrux8Tql oe:

:2er,lb"(H) ' ' '  .

Eror pnopo0;.re vo unotroyiooupa nq nooornreq o6po oro 60o 6oyeio:

p' V, 6,43 bar .2 m3 kg K
f r  : . -" 'z 

RT, 0,286 kJ . 211,97 K '

m, -- 2l,2Lkg,

mL : nt - tuz: (53,67 - 2I,21) kg : 32,46 kg

Ano rr1 ouvgnrn on n eooreptKn evepvsro rou oipo oro euoio doyeio eivot ioq pe ro
ogporopo rov eoorrprrdrv svepvetov rou oipo orq 6uo enr pdpouq 6oyeio, npoKunrtl n rlpn
rrlq 0eppoKpooioq T1:

(m, I mr) coT : mrcuT, * m2cnT2,

-  _ ( ^ r * r n ) T - m z T ,- , _  
* ,

_ 53,67 kg . 293,15 K - 21,21kg. 211,9? K
32,46kg

? r : 3 4 6 , 1 9 K '

'14. floro ipyo onorrei geoprlrrxo n drqonoon 1 kg oipo geppoxpooiog 20oC xotnieoflq
1 bar, orct ouoronKo Tou (79 volo/" N, rot 21 volo/o Or), eov unore€ei ort qurq 0q
exouv r4v i6ro nieon Kot Tnv i6to 0eppoKpooto;

To onqrrouprvo spvo eivor oxprp[dq ro ovri0ero ono ouro nou 0o nopoYorov Korq rnv
roooeppn Kqt owtorpanrn qvoprfq rurv noponovo ouoronKuJv vro rn bnptoupYiq 1 kg odpo:

r" : r (z\T- 
\Pzl

Tz: 21L,91 K
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L:  -Pv(#"*  *?^ t ) ,
pV : nr BT; A : O,Z8O ;fr ,

L :  - , , r r (#n {+#^ t ) ,

L : -r ls. o,zsog!!. 2ea,r5 r(o,zsr"S + o,zr r"u!),
,L :  -43 ,09kJ .

15. Ie dvo neprpoMov 0eppoxpooioq 0., = +20oC^, TnKowql 100 kg novou Oeppoxpooioq
-soC xqr yivowor vepo 0eppoxpooioq +zOoC. H evOqtrniq rnEnq rou noyou eivor
gs=333.7 kJ/kg, ror 4 er6rx4 geppoyt^rpnnKornrq roU c=2.03 kJ/(kg 10.
lloon eivor 4 aJ€non evrponiog d aurn rn Un avnorpenrq 5npyaoia; llooo 6pyo
0o npiner va 6anovn0ei Wa va enoviA9er ro o0ornlta ornv npoqyo}pevry
Kqraoraoi rou;

H rnEn rou nctyou xor 4 06ppovon rou vspou nou flpoKunrer eror pdxpr rr1 Oepporpooio
neplBqMowoq, qnqrrri rq eepporrlro:

g :fc(Ts - Tr) + q, -t cr(T, - Tolf

t os ,k{, .E K + sre.r ki + 4,186 fL zo rl,: loo ks 
[2't Bg r\ l{g r(g ,' I

Q : a2757 kJ.

H noponovo €ep;lornrq Uerqgeperor qno ro neprpoMov oe Oeppoxpooio Tu=293.15 K,
onore ouvodeuerot ono peioo4 ewponiog rou neprBoMovroq Koro:

+:-##: -,ou,a*kf ,

Ano r4v oL\4 pepro, o noyoq ugiororor outnon rnq Ewponioq rou:

l , t t g :+*+" , ig l
L l , ' r " ' - ! r l

:  ̂ f"n r%,+ & *',"t1
: rooke [r,*#,'r33'|f * H;ffi + +,rsonS,,3:*||J
: fOf,Ze fl.

H nopoyt^ryr1 ewponioq nou npoKunrer ono rn drepyooio ouTt'I, eivor enopivuq:

lB: (163,23 - l4b,8s)f;: rz,aaf .

l-tq vq enovi,\0er ro ouornpq ornv qppKn rou KctTctoroon, 0o npenar vo 6onovq0ei ro
ncrpctKoro dpyo:

-Ln : Hr- H, - ?o(8, - Sr)

Ebri o 6eixr4g 1 oqpoiver nqvoq -soC, o deixrrlq 2 onpoiver vepo 20o
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C, Kol enopevoq toxuel Hr-Hr =Q=42.75 kJ, nou eivot 11 Oep;lorqro nou unoloyior4xe
noponqvo, evo Sr-S.,=163123'kJ/K a ouEnon ewponioq rou novou Kol To=293.15 K n
0eppoxpooio neptpoMowoq. Erot npoxunret:

-Lu': -42767 kJ - 293,15 K ' (- 163,23 kJ/K) : 5093 kJ'

16. Ee ivo oeprorpuAoKto nentsoprivouldpo oyKou V=100 l, ppioxerot oipoq nieonq
p1=50 bar xor 0epporpooio e.., =29'9. O oipoq rou neptBoMowoq iyetnieoq pr=1
bar xqt OePPoxPooio 0r=29"6.
llooo eivot ro ipyo noi pnopei va xepdr1?ei, Eav eKTovuooupt ro nepexolJevo rou
oeproEuAoxiou:

0 rco9eppo, xot
Ai) a5nBanxo

uixpt rnv nieon ilep\aMovToE; Ilon eivat n eAaXEr1 9eppoxpaoiq nou 0a
enrcporei oro ctepptpuAono, eav ovoi{oupe n Ba)Bi6o Kat dqnooupe To
nepgxoUtvo ve exrovu?ei oro nep$oMov, iuE orou n nieon oro aEpPquAaKP
nioer oro 1 bar, xot ye rnv napa6oy4 ort 4 5npyaoia eivor rooo YpnYopn, tioTe
vo pi Aaler ydpa evaMayry AtpporrTroq, pero$0 aeprorguAoxiou xar neprcyopivou
rou; tToE aj€non evrponioq, iyer npoxI\tet aflo rnv tKrovuon, rn orrypn rnq
e{iouo 4E ruv ?ep poxpooruv ;

(i) Koro rrlv roo0eppn tKTovulon, ro oepto qnodidet ro ogiltpo 6pyo:
2

t ro , .  :  -  
l f  dY + F"(Yz-  Vr)

L r r *7 t " (V2 -  V t )

To 6pyo peropotrrlg ovr(ou L.,r, npoxunral qno rn Yvoorn oxdon:

Ltz :  -  prVr . ln?J:  -  50 bar  .  0 ,1 ms .  In50,

Lr, -- - 1956,01 kJ.

To ipyo nou onotrtirot yto rrlv unepviKnon Tnq orpoogolptxrlg nieoqg, eivot:

p"(vz - vr) mit Yr: ?] vr: 5o ' 0,1 m3 : 5 m3

: 1 bar (5 - 0,1) mr : 490 kJ.

To urgihpo ipyo xoro rqv too0eppn eKrovoon, tivol snopevulq:

tro,. : (- 1956,01 + 490) kJ : - 1466'01 kJ.

(ii) Koro r4v orovei-orortrn o6roBqrtKn eKTovoon, loxutl KqTo To Yvooro:
v2,: v'(#)' '"

: 0,1 m3 ' 50u1'r

7r : 1'635 mg

Kor ro epyo preroBoA4q oyKou L.,, eivot:

r,. : p,t,, [f*t_ _ ,l" t 2 - , 4 - l l \ h l  ' j

50 bar.  r , ,  * ,  [ l  t  tT# I

t(;,) ' - 'J,
Ltz :  -  841 '25  kJ '
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E66 n eE60non rnq orpoogolpoq onotrei dpyo: p,(t1z - v,) : L bar (1,635 - 0,1) mB : 153,5 kJ,

onore ro 6pyo nou pnopei vo rep6r10ei eivqt o,rt onopivet:

Ln,,: (- 841,25 + ISB,S) kJ : -687,?b kJ.

H e.\oyorq Oepporpooio, nporUnral ioq pe:

Turn : Tt f YV: 29g.ib r tt r \'#\h/ rso/
f * r " : 9 5 , 9 8 K .

H ouEnon ewponiqq nou npoKunrer ono rnv EKrovoon oro neprBotr\ov pero rnv eEiotlon rtlv
Oeppoxpootov, Unopei vq unotroyrorei eov eeuJpnooupe opxu(o rnv unoetrtx4 nepinrulorl
rooOeppqq crwtorpEnrnq eKTovooqq, onoTs, onoq unotroyioope nopoflqvo, 0o nqpoYowCIv
1466.01 kJ urgdhpou epvou, Kcl orn ouvexerq Oeopnooupe orr ro ipyo cturo oKa6o(erot
U6oto rprptiv oE eooreprrrl evdpyeto. Erot npoKunrtl n ouEnon evrponioq:

ls : 1L"" 1466'0l kJ " kJ'r;" : =oefrr<- : o'u' K'
Atorpopertxn aivot BdBolq n o0Enon ewponioq rou i6tou rou oepiou:

+:ffi#f :u''oaf

17. 1 kg rdovrxou oepiou (R=0.286 kJ/(kg 10, K=1.4), errovoverqt ollornv Korooroon
1, p1 = 8 bar, Tr = 400 K, olnv Korctorqon neprBoMovrog Po= 1 bar, To= 300 K.
IToro eivor ro 1t€yoro ipyo nou pnopei va xepdrT9ei;

To pdyroro ipyo nou pnopei vo rapdqOei, diverql B6Boto ono rnv e{ipyen:

-Lu,: U, - Uo - %(S, - Br)

loYuel: : mco(?,- Td - rofn,",:*ft-^n,.&ol.

, :  a ; ! t :0 ,286& * i :  td+,
cD: t :p -  A:  O'ZUff i .

Kof enopevoq: - L,, : I kg . 0,1?4 
;}{ to* K - soo K)

- B{x)K. [r u*. r nft r"ff i _ r kg. u,286#,"*J,
f ' " ' :  -  163.4kJ.
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18. Ee ivqv oeproorpoprtro, errovdrvarqr qdroBqnKo rdovrxo oepro (R=0.286 kJ/(kg $,
x=1.4), ono rnv opxKn Koroorqon p1= 15 bar, T.,= 800 K, w1-0, pdypr niaon
p2=.1.5 bar. To oipto eyxorotreina rnv rouppnivo pe Oeppoxpooio Tz= 450 K xqt
roXUTnTo wz= 100 m/s.

0 lloon oyu ano6i6et n rouppnivo, eov n pon pa<aE rou oepiou eivq m= 10
kg/s.

(i) floon eivat r7 onuAen e{ipyenE; Oeppoxpaoia nep1aMowoe To= 300 K.

(i) I0ptrpt^rvo pe ro 1o O.A. yto ovorKro ouornporo, roxuer, ogou oyvo4OoOv or peropoliq
6uvoptr4g ev6pyeroq, Kor l..re npoi.inoOeon odroBqrrxdv Ueropo.\ov rorooroonq, !E w., =0:

P," : i r fo" -n ,* i *4 .

h r - h r : c r ( 7 2 - T 1 l

pe ' , :  #  tR .

Onote, pE owrKqrqorqon ornv nopctnovo efioooq:

p,z: jit[--, "rr, - r;t + trZ]

: tn Y I#t o,zeo g$ (460 K - 800 K) + * . ,n, Sl ,

Prz : -3463,S 
g 

: -3453,5 kW : -3,458b MlV.

(iD l-to nq on6.\ereq e[dpyetoq evoq o6topqnKou ouornpctroq, roxuer n nopor(ortt oyio4:

w11:f ,"ur: ro(Bs - B,).
I

H dtorpopo ewponioq pnopei vo unotroyrorei oq etnq:

a r - 8 r : , r n ! - 1 3 l n &
l r  P r

: r,oor #,"# 
- 0,286 o#," H,

8g - s, : n'ntrn f4,
P$Il' : ToiI 1a, - sr1

:  sooK. tn* .o ,oazan$,

P$f" : 247'8kw '
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Ie 6vq evoMqxrn gepporqroq ;rerogdperot QeppoPPorl Q=100 kJ/h pero{u 60o
potiv oepiov pe p6oeq geppoxpooieq T' = 360 K xot Tz= 25O K. H gepporpooio

neprBoMowoq eivot To= 300 K.

0 floon eivat n anuAen e{ipyenE clva povada Xpovou;
AD Na opioerc ivo Bo?lto ano6oo4E tou evaAaKTn nou vo iyer voqpa!

l-ro rr1 pofi ont^llerdv e[ipyetqq ovoq evoMoxr4, roxuet onuq euxolo ono6etxvuerot:

P'',: ToQrrW'

: Boo K '* Y.t#"[:r?'J,f, ,
P"r, : 36,6? f;.

O e{epyeroxog Bo0poq onodoorlq diverot ono rn oxdon:

n - eE 6 pyeta t l  c n p o o6 rO 6 Frevq c Oep Lr6tn t a c - atr ir letec e€ 6 pYelcr c
'  

e l 6 p y e r c t l q t p o o O r ' 6 6 F e v q q O e p p 6 t q r c q

: r - r l r T : o ' 6 3 4 ,

onou n ef6pyero rqq npoobrbopevrlq geppornroq diverot clno rn oyiorl:

-  i tLo:  ( ,  -?) ro mi t  r  :  rc .

O noponovo optopoq vto ro Bo0;ro onoboonq eivot onoo6nnore opeoloYlKoq, oqo0 To n
noipvet or4v xotrureprl nepinroon rnv rtp4 1 Kol orn Xtlporepn r4v rtp4 0.

20. Ano ro neprpoMov, geppoxpooiog 0o= +20oC, peouv t^rproio 35 kwh geppor4rog oe
evo qJUKTTKo 0otropo, onou entKporei Oeppoxpooio 0r =-15"C.
tloon gXUE onaneirq ?eupqnxo qno lltcr tltuKnKn' Ltnxovn, n onoio 5rurnpei tn
geppoxpaoio ruv -1f C oro 1oAa1to, elv n ltnxovn anoppinrer 1eppor4To oe
eeppoxpaoia +2OoC oro vepo qru^€ng. tlooo vepo qtu{4q, ananeirot QVct upa,
egooov auro ?eppaiverot orouE 7C ltiypr vo pyei ctno rov evaAAoxr4;

Iuprpovo Lle rov optopo rou Bogpou onoDoonq Tnq r6ovtr4q q,uKTlKnq Llnxqvnq Carnot,
roxuer:

_ ,  : T ,  
-  T g h  _  2 5 8 , 1 5 K  -  2 9 3 . 1 5 K  r < r . r- t' -- 
Tt 

- t{o : -258J5 
E-- 

- . 35 kW,

P :4,74 kW theoretische Leistung.

(ii)

(Oeopr1rtrr1 toyuq).
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Iro vepo qruEnq onovercr 4 0eppopporl: . ry.
Q : Qod: 3e'7 k\v

H qnorroupevn nqpoxn Llo(oq vepou qruEnq oro oultnuxvor4, eivot:

r, : r#H#fo*l + BooK : e4o K.

(ii) Or qnolereq e[6pyerog rou re.\erq Oeppolrovr^rpevou (obrqBorrrou) geppovrnpo oepq,
npoKunret oov ro ytvopevo rrlg Oeppoxpooiog neprpoMowoq Korrnq nqpovoynq evrpoflioq
troyo pr1 crwrorpenrornrqq Korq rn parogopct geppor4roq:

Lf,dt : 7o4g '

H ouvoNxn ;reroBo,\q ewponiog npoKunrar UE oeporon rov peroBolt^tv ewponioq rou oipo
Kqr rou xouooepiou.
H peroBotrn ewponiqq rou oipo ervot:

ir*,"tnft : .Y. t #t3# : tt,n, I

Kcr n perqBo,\n ewponroq rou Kouooeptou:
800 K

,rro J' ,,* #: *Y[r,rop,.r"#;* 0,5. ro-snft,**x - rzu,xl]
t2oo*  

:  -o ,n rH.

Eror npoxunrer n nopoKoruJ porl onotretdv e{6pyetog:

p!'ar: aoor<(rr,nz$ - a,+z#): uesU: t488kw.

,t, : I _ Bg,? kw _ B9,z (kJ/s) .8600 (s/h)u' : i-,ar 
- A,isoltnEgrtrtc - -a;i86-TtnEsTl'zr '

it : $zz xs1t .

21. Ie ivo r6tretq Oeppopovopevo Oeppownpq odpo, gep;.toiverol pon 10 kg/s odpo
rooBopdrq qno rn Oeppoxpooiq neptBoMowoq T.,= 300 K, HE rq Oeppornrq rou
ono6i6el pon Kquooepiou 10 kg/s, ro onoio rpudVer ono rouq 1200 K orouq 800 K.

0 Ze non ?eppoxpaoio 9eppaiverat o aspaE;
0i) lToon anuAen e{ipyenq npoxjnrer ano rnv evdMctYn 9eppor4rae oro

9epltavrnpa;
Hdxn 1eppoyupnnKornra oipa cn = 1.0 kJ/(kg K)
EExneippoyupnrtKornTa *o'uootp'ior-rcpn--'i.it i/fxgK)+ 0.s.to-3 x,l71xgtil.r

(i) H Oep;roppon nou onoppinreror ono ro xquooepro, )topBovrrol qno rov cttpo:

0ro: t irrr ' i""rntlr : i l16rr.(T, * Tnl .
?'o n

H noponovo Oeppopporl unotroyi(erot oq eEnq:
? rn  ! 20oK

tu* j ,onor: tr Y^J-(t,t #* + 0,u . 10-, Ej% . r) ar: ** Y.
? o n  8 0 0 K '

Eror npoxunrer:



1 9

22. Evo geppoltovurp6vo doyeio nepriyer 5 kg evoq uYpou oE Oeppoxpooio
neprpoltrowoq, po= 1 bar, To= 300 K. Me rn Bon0etq evoq ovobeurrlpo,
npoodidoupe rooyt^rpct oro uvpo, 6pvo 0.2 kwh. H et6txrl 0eppoyttp4TtKornro rou
uYpou sivol cu= 0.8 kJ/(kg.$

0 Na 6ei{ere on n 5apYaoia aurn eivat pr1 avnorpenr4!
(i) Iloro rp41ta rne evipyenq, nou npoo6o04rc pe rov qvadlurrTpa pnopei va
avoxr19ei or4v xaMirep n nepinruo r7 ;

(D Me rnv qvobeuon oufover n eooreprKrl ev6pyero xot enopevuq Kst 11 9eppoxpooio
rou uypou. H Oepproxpooio T' Hero r4v ovobeuon, npoKunrtl ono ro 1o O.A.:

Lro: m(u, - tt) : mc"(T, - Tol

r, : h + ro :%#hryro,u## + soo K : 480 K.

H ewponio rou uvpou ou{ovet Korq rnv nqpqnqvuJ looxopn 6repyooio 6q a[rlq:

B, - so : *rb;o: s ke'o,a ftr"ffi 
: t,tt ot'

Kor QUorKo, 4 drepyooio eivot pn ovnorpsnrn.

(ii) H npoodrdopevn ev6pyero oxebo(erorotrortrnpn, rroroore or4v xotrurepq nepinroorl
q e[6pyero rrlq npoobrbopev4q ev6pyetoq nou pnopei vo xep6q0ei eivot io4 pe:

T t ,  m \  
T l

-1. , :J ( '  -  ?)r* :J ( '  -T;)* , .ar ,
T o -  T o

-L.,: mco(Tt- "0) - TomcnlnTri : "r"- ?o(sr - 'so)'

-L.':0,2 kwh ' 36fi) kJ/kWh - 3{X) K ' 1'88 kJ/K : 156 kJ'

Lo': - 0,043 kwh'

Ie evo geppopovt^r1.rivo, yotrufl6rvo boyeio nieo4q, unqpxouv 6uo t6ovtxo oaplo nou
yopi(owor perofu rouq ono evo oroOepo o6roBortxo roiyttpo. O dvog ytipoq
nepfexel m'= 18 kg oepiou peoV'= 10 mo, P'1 = 1 bar, T', = 294 K, xot o oMoq Xdpoq
m" =30 kg oepiou, V" = 3 m", P"1= 10 bar, T"l = 530 K.

fl fion reilx4 ?epltoxpaoia xot non rehxi nieon 0o onoxqraorQ9ouv, tov
uno1eooupe on e{agavi(eTq ro 6toyuporrrco roiyupa;

(ii) No 6ei{ere, ofl n avoltr{4 eivat 1t4 ovrtorptnrn, Kot va unoAoyioere rnv
onuAep e{ipyeng.

Erogepiq oepiov R'=R"=0.189 kJ/(kg $, erdrxeq OeppoyurprlTlKoTnreq c'r=c"u-0.7
kJ/(kg l{, 0epporpooio neptpoMovroq, 0o= 20"C.

23.
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H eooreprxn evdpyetq rou odlqpqrrxou doyeiou onoretreirot ono ro oOpololto rov eotlreptxtiv
evepyeriv rov 60o Xopov, Kor nopopevet oroOepr1. E[orrioq ourou, psTq rnv qnopot(puvon
rou 6royulptorlKou rorydrporoq, n Eooreprxrl evipyero rou svoq Xopou 0q quEngai xorq ro
i6to nooo nou 0o pelt^rOei n eooreptKrl ev6pyeto rou oMou:

m'a'.(T', - T-l : - m" a! (Ti - T-) '

Eror npox0nrar n reNxn 0eppoxpooio:
4, - m'c:Tl + m"a:Ti -*'T', +-*'!it - :  -*7"+@-: -fraf i- ,

,n _ t8 kg ' 294 K -| 30 |g' 530 K : 44t,5K.r-: ------t6rg 
+To-tg

H reNxn nieon npoKunret ono rn Oepprrrl KoroorqrKn etiot^lon rov tdqvtxdv oepiulv:

(nt' * n"\ RT'n (18 kg + 30 kg) '0,189 kJ/(kg K) '441'5 K
P : - v ' + v '  :  '

? - 3'08 bar'

(ii) Mero rnv onopor(puvon rou 6royurpronKou Torxoporoq, 4 ewponio rou evoq oepiou
peroBtrn9nKe Kqrq:

AS' : rn'l"r^ft* E'ln Y:#-l

: r8 ks [u,r,.** r.ftf * n,rsso$r" 9*q.^, l,
ZS' :  Af ; { ,

Kct rou oMou Kqrq:

AS" : m"1", ^f,:,* B'rn +Y:l
: B o l  t ' . - k J , 4 4 1 , 5 K  k J  t 0 n 3 + 3 m 3 1 .

rg 
[0,7 p-;;ln -sfit* + 0,1Ee 

tg Xlt 
- 

B m, I 
'

ZS" : n,nef .

H ewponio rou ouvotrtxou, qdtoBorlKou ouornpctroq, parop,\n0r1xe enoptvoq Korcl:
AB :  AB'  + AS" :10,49K.I /K

Etot, 4 ovogfr1 eivor Un-owtorpsnrn.
H qnotrerq e[ipyaroq pnopei vo unotroytorei xoro ro WooTct:

L, : ?oil$ : 293,15 K . 10,48 kJ/K : 80?6 kJ.
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24. Mrq 6rorq{4 orpronopovovnq nopqver t^tptoio 20 t orpou nieonq 100 bar rot
Qepproxpooioq 45OoC. Ftq To oKono quro o npoQeppow4poq Iou treBnro
rpogodoreiroipe vepo 100 bar xor 3OoC, nou npoOeppoiveror orouq 180"C. Ano exei
ro vepo odrlyeiror oro l6Bnro, onou grova or4 OeppoKpqoio Bpoolt_ou Kol
orponoreiror. Irn ouvixero unep0eppoiverot o ctrpoq p6ypr rouq 450"C orov
unepOeppownpo.
f\oon ]epltorqro npoodi\erat oTct eni pipouq, rpr1ltato rn1 6nra{r7q,
arponapayuy4E;

Ano rouq flivoreq Arpdv, eire ;le Xpnon droypop;roroq Mollier h-s, npox0nrouv ro llopoKoru)
npoodr6opevq nooo 0epporrlroq:

orov npoOeppownpq:
oro triBnrq:
orov unep0eppownpq:

12,6 . 100 kJ/h : 3,51 IttW,
38,2 . to6 kJ/h : 10,9 Mtv
10,3. ,00 kJ ih -  2,88 l l tw.

25. Ie evo trignrq XulpnnKornroq 2m3 ppioxowor 1000 kg vepou Kctt orpou oe nieorl 121
bar xot Oeppoxpooio xoPeoPou.
floro e6xo oyKo 6yet o orlJog; floooE arpoq, Kct nooo vepo unopxouv ltioa oro
A69nrd; fion n ev1aAnia rou or1toj Kat rou vepoj oro Ai1nta;

O erdrxoq ovKoq rou udporpou eivqt 0.01462 m3/fg.
Iro triBnro unqpxouv 38.2 kg qrpou xor 961.8 kg vepou.
H evOqtrnio rou crrl.rou eivqt 102,500 kJ.
H ev0oAnio rou vspou eivqt 1,440,000 kJ.

26. Ie ivq yrtrroypo;rpo uvpou crrpou nieo4g 10 bar Kqt neplexopivou oE ctrpo x=0.49
npoofii6erqt Toon Qep;lorqro, Oort $tntrooto(erot oxptpt^tq o oYKoq ToU.
lloon eivot q 7eppornrq nou npoodi\ercu, Kot nop eivat n Karaoraon rou atltoi
pera;

Oo npener vo npoo6o0ouv 1000 kJ/kg, onora To ntpttxoptvo oe orpo 0o quEn0ei oe
x=0.986

27. H nieon oa evo orpotripnro neprsxopdvou 5 t3, orou onoio eupioxowor 3000 kg
vspou Kqt orpou, nigrer ota2 bar oe pro goon nou riOarol eKToq tretroupyiog.
t1oon 1epltor7ro 0a npinet va npoo6o0ei oro nepexopevo rou AeBnro, uore va
avuqnt1ei n nieon oro 20 bar; llooo vepo 0o otponot49ei rore;

Oo npinet vo npoo[ogouv 1 .22EO kJ, onore 0o orponot4Qouv 12.9 kg vepou.

Arpog nieorlq 15 bar ror unep0eppoxpooioq 60oC, eKTovovarot obtoBortxq Kql
owrorpenro piypt nieon 1 bar.
Ilon ga eivat n reNx4 KaTaoTaon rou arlJou; Ze nog nieon 0a yivtr €npog
KeKopeopivoq,; lloto ipyo pnopeiva xepdn1ei ova kg orpou KaTa Tnv eKTovuon
oe pia ouveydq, epya(opevn pnxavn;

28.



22

Ano ro droypoplro h-s, npoxunrer retrrx4 Oeppoxpooiq ion pe 99.1oC, Kqt nsplexopevo oa
oTpo x=0.91
Koro rrlv rKTovoon piypr ro 6.2 bar, o ctTpoq 0o yiver oxptpdq Enpoq reropeopdvoq.
To dpyo eKrovoonq Korq rnv eKTovoon piypr ro 1 bar, eivqt ioo pe 490 kJ/kg qrpou.

29. Yypoq orpoq nieonq 20 bar eKTovoveror piypr nieon 1 bar p6oo oe Oepptdoperpo
orpoyyotrropou ytq vo ;rerp4Oei ro neprexopevo rou ot vepo, onore q 9eppoxpooio
rou nirgret orouq 110"C.
lloro ro ntpzxopevo rou oe vepo; flon n ou{,non evrponiaE Tou ctrlJo} KorQ Tov
orpayyaAtolto; floon dvar r7 and)en e{ipyenE eav n 9epltoxpaoia nep$aMovroe
eivar 2f C:

To nepteyopevo oe vepo eivot 5.4olo
H quEnon ewponiog eivot 1.285 kJ/kgK
H qndtraq e[ipyetoq eivql 376.5 kJ/kg.

30. Ir4 yerrovto rou rpmlo0 oqpeiou, 11 nieo4 orpov rnq uypnq opptttvioq diverot qno rn
oxeon:

ln P =12.6s2-3023'3K
latm T

Kql rnq orspeoq opptt:vioq ono rn oxion:

ln P =16.gg4-37ilK
latm T

Na unoAoyioErs rnv nieoq Kot rn ?eppoxpooio oro rpnAo onlteio. lloon eivar 4
ev1aAnia e{or1trc1E Kcil n ev9oAnia e{oyvuor\q;

H oroeepo oepiou rnq oppovioq eivor R=0.488? KJ/(Xg l{, o etEtxoq oYKoq rnq

\ uypnq oprpotvigqooro rprntro orlpeio v'=0.1365.10-'mo/kg, Kor rnq ortpeoq oppttvioq
v +=O.1224.1O-'mo/kg.

H 0eppoxpcroiq Kql n nieon oro rprntro o4peio, 0o npoxurpouv oov orlpeio ropnq ruJV
boopivr,rv xopnutrdv niaonq orpov.

,"#: p,6sz -qqffI,

, "# :16 ,3e4-Y#! ,

12,652-?$f-16,se4-'s{.*,

3754 - 3023,3 --'r ' : 
t6;594=l2,osE L,

?r' : 195,23 K.
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Awtxqrqorqon ornv npdr4 eEiotoon, 6ivet yto 14 Oeppoxpooio:

#: "'n ftz,ouz - ry],
Pr.: 0,05888 atm.

H eveorniq e{orprorlq diverqt ctno rnv ntot-*nTL "l::%iJausius-Clapeyron,
r: (a" - u'tr*\Afi),..

O erErxoq ovKoq rou KeKopeopivou orpou 0o npiner vo unotroytorei ornv nolu Xopntril nieoq
rou rpn,\ou o4peiou, ono rnv KqrqorortKrl e{iot^to4:

," _ 0,4882 V_l(Lg_5):les,2s K : ru,szs 
fr.

f'loponipo, npoKunrer ono rnv eEiooon rqq nieorlq qrpuJv:

(Yr),,: "*n 
[rz,osz 

- 
?HHl 3023'3 K les]-,6, atm'

(#),,: o'466e ' to-'eF'

Me owrxqrqorqon rov rrpov ornv etiotton Clausius-Clapeyron, npoKunret n ev0qtrnio
e[orpto4q, -u - erm

r :  L95,25K(15,9?8 -  0,1365 '  tO- ' )  
G'0 '4609'10-3 t  

- '

k.T
r: L475,76-fi '

l-ro r4v evOotrnio etolt/oonq toxuer owiorotyo, ,,: Tt,(u,, _ r"*r(Pr)*,

ue
(#),,: ""n Iro,rs+ 

- 
#1 B?s4 K reb.z;]eat",,

(#),,: 0,5?e6 . ro-' liil,

r" : l95,2EK (15,978 - 0,1224. tn-r) 
H. 0,b?g6. tO*f ,

r " :1831,99 f l .

31. Ie ;.rro eorio Kouonq Koivowor reAerq 500 kg trr0ovOpoxo pe rnv oxotrouOn ouoroon:
c=0.78, h=0.05, o=0.08, s=0.01, w=0.02, a=0.06, pe nepiooeto oepo (troyoq o6po
tr= 1.4).
fiov eivar r7 ?epltoyovoE 60vo1tn rou At9ov1paxa aurou; lloooE aipaE 0a npener
va 5rcyereuerq ova upa ornv eoria, nooo Kcruooepto 0o napayerot, Kdt nop Ao
eivat n ouoraon rou;

Edtil dyoupe Kcruon orepeou xouoilrou yvoornq ouoroonq Lla yvuloro troyo oipo, onore
xoroorp6voulle rov nivqxq pe nq owrdpooerq Kquonq ruJV tnr pdpouq ouoronKov, Kqro ro
nopodery;ro rou Kerp.8 rrtq Oeppoduvol.ttxqq rou H.D. Baehr.
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32. Bav(olro (C^HJ xoiyerot r6treto pe 507o nepiooeto oipo.
I1oru geupinin 1eppoxpaoia 0a 6yer r7 EAoyo, Eav o aipaE Kctt ro KauotlJo eiyav
crpxrKn ]eppoxpaoia Zf C; (e6xr7 )eppoyupnTKornTa Pev(diou: 0.44
kcal/kg.grd).

[lpoxerror yro xo0or1 oepiou xouoil.rou vvoornq ouorooqq pe Yvooro troyo oipo, onors
xoroorpdvoups rov nivqrq pa nq owlbpooetq Kquonq rov ent p6pouq ouorortxtlv, Koro ro
oxsnKo nopo6erypo rou Keg.8 rrlq Oeppoduvol.ttxtlq rou H.D. Baehr.

H gepporpooio rrlq gloyoq npox0nrer ;re Boon ro 1o O.A., pe too(uyro nou tropBov8l uno{rn
rnv extruon 0epporrlroq ono rrq e[60eppeq owtdpooelq.

33. Y6po6pro pE Tnv oKotrougn ouoroon: (H2)5=0.50, (CO)6=0.40' .(CHd.o=0.005,
(COr)5=0.050, (N2)b=0.045,_xoiyeror ritrero 1te nepiooeto oepo. H ovoluon rou

[ap5ri xouooepioU' 66r,roe: [COr] r = 0. 1 36, [O2], = 0.069, [N2]'' = 0.795.
Iloon nrav n nepiooaa oipa;

flpoxerot ytq Kouon qepiou xouoil.tou WuioTnq ouorqonq Ue nepiooeto o6po. H
Kcnqorpoon rou nivoxo Ue nq owtEpqoerq Kouonq rov ent pipouq ouorqrlKov, Koro ro
oxslKo nopo6elypo rou Kag.8 rrlq Oeppoduvoprx4q rou H.D. Baehr, yivarol UE Boon rov
oyvr,roro toyo oipo l, 4 np4 ToU onoiou eo npoKuqrel ono Tn ouoToon rou Enpo0
xouooepiou.

34. Ie 6vq Eoyeio oyr(ou 50 l, erpqyvurqr uno oro0epo oyxo ivo piY1'ro ltovo{etdiou rou
ovgpoxo xor oipo pe loyo oepo tr= 1.5, opyrx4 Oepproxpooio 0"C Kol opxlKn nieon
1 at.
lloon ga eivat n rcilxi ]eppoxpaoia Kat n reilxn nieon ap)ouE peTo Tnv ircpn€n'
'nAadi npiv noparepe't1ei orlpovnxrT Ueragopa Aepporqraq npoe rct rotxuqaro;
Iloon 1eppor4ra 0o iyer peragepgei pioo ctno ro roiyupa, orav n nison 0a iyet
nioet oro lJtoo rr7q, piyrcrng flpnE rnE;

flpoxerrot yto Kquon xoOopqg ouoioq Ue WUoTo troyo oipo. Ano r4v eEiotlon Tnq Kouonq
rou povoferdiou rou ov9poxo, npor0nrer q extruopevrlev6pyelo rnq eEdr0apunq owidpoolG.
Me egoppovn rou 1ou O.A. Kot rnq KqroorqnKqg e[iouronq, npoKunrouv n re)urn
gepporpooio xqr n reNxn nieon o;r6ourq Uerq rnv ixpnEn, xqt qwiororyo unoloyi(owot ot
ont^rleraq oepporrlroq Koro rn oflVpn nou n nieorl iyer unodtntrootoorei.

Me 6vo 6rpo0pro oupnttoTn 0o npener vo oupnliooupe oepo UE noluTponlKn
oupnieorl ono Tlq ouvgnxeq pr ,Tr p6ypr rrlv reNrrl nieon P2, ollou o oipoq VUXErol
ornv qpyKil eep;rorpqoiq rou T.,'uno orogep4 nieon P, Heio[u rov 6uo xutrivdpt^lv
rou ouunreorn (ev6roueo4 Vu[n).

Iloon eivar n orcovoltio oe 6anovultevo spYo ivovn UMe ptvopo?prcq,
noAurponr x 4q, o u pn ieo 4q;
Na unoAoyioeTe ro Aoyo nnoeuv Pz/Pt, YICI Tov onoio entTuYxoverot r7 ltiyrcrq
e{oxovoltnon 6pyou.

35.
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Apyrxo unoloyi(oupe rn BiAnorn npn yrq rqv evdropeon niaon pero[0 rov 6uo 9q0pi6ov,
on0q nqpqKor0:
Koro rnv notrurponrxn oupnieon, oMq Kot Koro rnv odtoportKrl owlorpenrn, (n=x), ro
oOporo;.ro rov ipyurv rulv 6uo Bq0pi6ov eivot ioo pe:

L: mEr,#,le)- - ,] * m*r,;\[(f)" - ,J

- .  l ,  ' u - lL: mRr,"l tffi)" - r ]

E6ti ro p* go npiner vo extreyei erot tiore n nopooroon:

t , r r - l  ,  . n _ l(#)".(#)"
vo etroyroronoreirqr.
Me rov ontronorqrrxo ou;rBoNopo rn= (n-1)/n Kql pe nopoydyron oq npoq Pr, Hndevi(owqq
Tnv nqpcryovo Bpioxouua rn Bdtrrtorn rtpn:

mp?- r  _  *pE  :o
pT  p !+ r

pi : pTp? oder

Enop6vt^rg n Uiyrorn eEorrovopnorl ipyou enrruyxovaror orcrv eftoo0o0v ot oyioalq nlioeov
rov 6uo Bo0pri6urv oupnieo4q. Irqv nepinroo4 ourrl po.\toro, rq ipyo rov 6uo 9o0pi6ov
e{rot^rvowol enio4q, npoypo nou nopdyer ntreoverr4poro Kcrrq rnv rorqoxeun. Avoloyrl
ox6on roxuer Kcr vro oupnreor6q neprooorepov Bq0Ui6L0v, onoq 0q 6eire oro po0r1;.tct rov
ErpoBrtro;r4Xovov.

Evoq 6rpg0proq oupnteornq ontrqg evepyeioq, go npenetvo oupnt6(8loe n=300 rpm,
V= 100mr/h o6po ono nq ouv9rlxeq pr =760 Torr rqr 0.,= 15C, oe pr=49 6"t.
Iloon eivor AeupnnKa n pXUe xa?e Eo?pi6aq, eav 4 oultnieo1yiverar noAurponrco
pe eKeirn n=1.30 Kot o oipoE ty}yerar pero{0 ruv 60o 8o01tf6uv uno ordeepn
nieoq:

. (#)"

P , - F z
Fr Pr

36.

Pr=,fffi

iror uore vo ercipyerat orn \eurepn Bo0Ui6a pe leppoxpaoia 50oC.

H 86,\rrorn TrUn rnq av6ropeorlg nieong, unotroyi(eror oq eEnq: r. : /r_ors . ar bar : 6,82 bar.

H nopoyrl Uq(qq rou crvoppogopevou oepo eivot ioq ;.re 122 kg/h, ror 11 toy0q r4q npdr4q
Bo0pi6oq oupnieo.qt 

*2 . 10, J/h : 6,44 kw,

H toyuq rnq 2nq Bo9pi6oq eivot 260 E5 J/h=7.23 kW.
H onopprnropsvn geppoppo4 orov xutrrvdpo r4g XoUnInq nieo4g aivot 4433 kJ/h, evtt orov
evdropeoo WUKrn 1.438 E4 kJ/h. H 0epproxpqoio rou qepo ornv iEo6o rou xutrivbpou



37.

26

uqrntrnq nieoqq eivqt 221oC.
O rutrrvfiplopoq rou rutrivdpou yop4trqq nieorlq npoKunrst 6.17 l, evt,r rou xutrivdpou uq,nlnq
nieor lq 1.18 l .

Evoq xlv4rrlpog Otto xutrrv6propou- 2 trirpov Kol oYKou oupnieo4q 0.25 l, ovoppotpo
Kquotpo pivpo gep;roxpooioq 20"C xol nieorlq 1 bar (xorooroon (1)), ou;lnt6(et
qwtorpenrq xorodlqponKo (2), ro pivpq ovogtreyercr Kcrt roiyerot uno oro0epo oVKo
(3), durq orou enrreuy€ei nieon 30 bar. Irn ouviyero ro odplo errov6verot
owrorpenro Kcl qbtqBqrtxq pr|ypr ro ri,\oq rou epBoNopou (4). H Kouon Kol n
a[oyury4 Oet^rpeirot orr ouppoivouv Ue peTogopoOepporrpoq Uno oroOepo oyxo. l-to
ro epyo(opevo pioo, pnopei vq )\ngOouv ot t6tornreq ToU oepo, Kol 8nl ntriov
orogep4 erbrrn Oeppoyttp4TtKornro.
Iloon eivor 4 nieon xar r7 )eppoKpaoia ora o4peia 1 iuq,4 rnq $npyaoiae; Iloon
1epporrTra eK\lerat crno rnv Kcruon, Kcil floon 1eppor4roano\aAerat oro Karb)
veKpo onpeio; lloro 1eupnnKo ipyo napayet n pnxavn ava eH\o\tolto;

pr : 18,38 bar, tr : 400 oC, tc : 826"C, Ft: 1,63 bar, ta : 2O5"C.

38.

l-lpoo6rdopevrl 0eppornrq Q=0.733 kJ/epBotrtopo
Anopprnropevq Oeppornrq Qo=0.318 kJ/epBotrtopo,
f'lopoyopevo ipyo L=0.41 5 kJ/epBoltolto.

Pc: 40,2 bat, tr: 712 oC, 
Pt : &,2 bat, ! : 1697 'C' 

Pr : 2'63 bar,
\ :  6 3 2 o Q , '

l-lpoobrEopevq 0ep;.torqro Q = 1 3.86 kJ/eppotrtopo
Anopptnropevrl Oeppornrq Qo =5.61 kJ/epBotrtopo,
flopoyopevo 6pyo L=8.25 kJ/eppotrtopo.
Oeop4nx4 loyuq ortq 250 orpogiq ovo lento, P=34.4 kW.

Mro prrlyovn diesel ontr4q evepyeioq, exer xupropo 13 I xot oyxo oupnieorlq 1 l. H
drepyooio nopovulynq 6pyou Tnq pnxovnq, pnopei vo npoosvytorei pE rov nopclKclTco
r6qvrxo xuxtro: owloTpenTn o6topoTtrr1 oupnie_on rou oipo nou oro retroq rou
epBotrropou qvoppognonq 6xer Oeppoxpooio 70oC xot nieoq 1 bar (1), pdypr ro ovtt
veKpo onpeio (2). :rn Oion rnq 6yyuo4q nerpetroiou Kql rnq Kouonq, vq trngOei
UETogopct gepporrlroq oTn 6topxeto rou 1/13 rou epBotrlopou (3). Awtorpenr1
qdroporrxn eKrovoon rov npoi'owov rnq Kouonq orrl ouveyeto, l.tiypt ro ndpoq rou
epBotrropou (4). Ern Qion rou eprBotrropou e[oyr^ry4q Kctlrnq qvoppognonq qepq, vct
Oeopr10ei oTt ctgotpoiror €eppoTnTq oro KqTo vsKpo orlpeio, pixpl vo entreuy€ei q
Oepporpooiq xqtnieon rou oipo eloctYoYnq (1). l-ro ro epyo(opevo;tioo vo lr190ouv
ot tbtorqreq rou oepo, ro06q rot oroOepn el6lKn Oeppoyttp4TlKornro.
Na napaora]ei n depyaoia oe \nypappaTcl p,v Kctt ls. fTo6q eivot ot
1epltoxpaoieE Kat nEoerq orouq, xoltpouq, rou 5roypapparoe; fioon 1epporr1ra
ayeTat npoE 11 anayerot ano To oepto orq 5npxen xo?e eppoAroltou; flon eivor
n eeupnrtrcr7 wy}E TnE UnXaviE, eav 1eupn9ei on epyo(erat pE Tnv opxn rou
5iypovou vrr1(eAoxrvnrnpq, oe oru9epiq orpoEiE Q50 rpm).
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39. No ono6eiEere rnv nqpcrKctrul oxdon vro ro 0eoprlnxo Bo0po onodoorlq rou
Bev(voxrvnrnpo:

n=1-  S '0H
.r-t1qr-1+r.rp(Q-1)l

9no_u q=p2,/p"eivar o.\oyog rrlg nieo4q Uoro rnv qnoroun o0Enon rrlg nieoqq
(xouorl), npoq rrgv nieon Kqrq ro rdtroq rnq oupnieonq.

Me Boon ro ovoQepopevo orn oxelKn svornro rou Odnvou, n rpoobtbopgvn Oeppor4ro
eivor:

Kqr n qnopplnropevn:

onoTS royuer:

KCil CTQOU:

npoKUnTsr:

a,(Tz, - Tr) + ar(Tr' - T",1,

c"(Tt - Trl,

Tr,lT, - Tzl?t + x(T",lT, - Tz,lTr) '

*,: f t  undT z ' - P s ' - , , ,
T z F z r

t t : L -
f r1f r7, - L -t xE(T3,1T2, - 1)l'

)

onoT8 l.lE owlKoTcloToon q=Tg,F2,xatTrlFl=E*-1, npoKunTtl 11 (r1rou;revn oxion'

40. Evoq xrvqrnpoq Stirling, orov onoio o oipqq nou exrovdvrrqr KorotropBovat orov
VUXpo Xdpo rou ru.\iv6pou, oyKo 3 l, xor orn ouvexero oupnti(erqr orov i6to ytitpo
oe oyKo 0.5 l, epyo(eror orrq 2000 rpm. H pdyor4 Seppoxpooio nou noporrlpeirot
orov xurtro, eivor 8OOoC.
floq eivar n piyprn nieon nou qvenruooercn or4 5rcra{q ourn, orov n Unxavn
avanruooer rcy} 50 kW xar norcE o ?eupqnxoE Bo?ltoE ono6oo4E rnE
depyaoiaE;

To nopoyopevo dpyo ovq nsprorpogn rnq Unxovnq npoKunrsr ioo pe 1,500 J.
l-ro rqv onoquyn qnoAerdv efdpyeroq, 0o npiner vo 6ror4peirqr o qruxpos xutrtvdpoq oe
Oeppoxpooio neprpoMowoq. Me rn 6oop6vrlpdyrorn Oeppoxpooio rov 800"C, t(qlrn ox6on
ou;rnieorlq pero[u 0.5 xor3l, npoxunrotonorroupevrl po(o yopoonq io4 pe 3.74e-3 kg. Aurn
n Uo(o 0o 6yernieon 1.049 bar xoro rnv eKTovoon orov rUUXpo xutrrvbpo, xqt 0o tntruYxov€t
rq peyrorrl nieon rulv 23.04 bar pe rooOeppq oupnieo4 Kcr rooxoprl 06p;tovon. O Bo0poq
onodoonq rnq pnxovnq npoKunrer ioog HE ntn =O.727

c,(Tz' - Trl * co(T", - Tr,)
Tllrr - r
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41. Ee Urq drqroEn orpoorpopitrou, o6qyouwor 10,000 kg/h vepou 32.5oC Kql
perorpenowcl oa unip0eppo or;.ro 25 bar xqr 400"C. O orpoq EKrovuvsrol ornv
rouppnivo pe geppoduvoptKo Bo0po ono6oo4q 807o p6ypt nieon 0.05 bar, Kol orn
ouveyelo oupnurvtiveTol oro oupnuKvor4. To oupnuKvoUcr snavorpogoboreirot orrl
6roro[4 orouq 32.5oC.
floon 1eppor4ra lJercrq€perar oro epyo(opevo p6oo orov )iBnra Kat orov
unep1eppownpa, Kot noon aflaYerot oro ouUfluKvurn; Me noto nepexolJsvo
uypaoiaE odqyeirat o arpoE oro ouUnuKvurn; fToE n rcy}E nou ono6i6er r7
roupltniva orov a{ova rnE, sctv 6yer prTyawxo Ba)lto anojoonq 95%; fion n
xaravaAuon arlto} xar 1eppornraE rr1q, 6nra{4e, YE xa]e kWh flou nopaYet;

Me Xpnon rov flvororv Arpt^rv npoKunrer n ev0otrnio Tou oupnuKvuporoq io4 pe 136.11
kJ/kg, Kqr rou unip0eppou orUou io4 pe 3240.7 kJ/kg.
Ero trdBnrq Kqr rov unepOeppownpq 0o npenet vo npoo6o0ouv 3104.6 E4 kJ/h.
H odtoporrrn ev0o.\nrx4 nr6oq Koro rnv eKTovrdon oro 0.05 bar, npoxunret ion pe 1100.7
kJ/kg. Enerdrl opoq o loewponrroq poOpoq ono6oo4q rnq rouppnivoq eivol 0.8, n nroon
av0olnioq rou crrpou eivor ;.rovo 0.8x1100.7 kJ/kg, onore quroq eroipyerot orov oupnuKvorn
pe x=0.918
H royuq orov ofovq rrlS rouppnivoq eivor ioq pre 0.95 0.80 1100.7 E4 kJ/h= 2323.7 kW
H xqrqvqtroon orpou eivor 4.30 kg/kWh, Kor n Kqrovotrooq Oepporrlroq 1.336 E4 kJ/kwh.

42. Floroq aivqro eeopnnxoq poOpoq ono6oo4q proq 6toro[4q orpoorpoBilou, rlonoio
lerroupyei pe qrllo 100 bar xqr 400'C xor onoppinrar orpo oro oupnurvorn oro 0.05
bar, eqv trerroupyei Lre Boon:
(D ro ouvnOn xuxlo Clausius-Rankine
(iU pe 60o qopiq evbropeorl unep0ippovon orouq 4OOoC, xoOe gopo nou grctvsl
o qrpoq rnv optqKn ropn0trn.
Ilooo nepzxoplvo vlpou iyer o arLtoE or1v nepinruon 0 xor (i) Korct rnv eioodo
oro ouUnuKvurn; Kor yto ng 6uo nepnruoug, vQ yivu napooraon r1E 6rcpyooiaq,
oe 6ruypolJparct T,s KQt h,s.

Ano ro droypoppo h-s nporunrcr vrcr rq brepyooio Clausius-Rankine, Bo0poq onodoonq
[=0.407, Ua neptexouevo oe orpo x=0.725, evu pe 6uo gopdq evdtopeorl unepeeppovon
npoKunrel Q=0.417 ye x=0.947

Ie pro 6rorofrl orpoorpopitrou uqrntrnq nieo4q yiverorll nqpqKqro btepyooio: Irrlv
rpiorpr4 nieo4, efoyeror ono vepo 28.6'C, orpoq 400"C. O orpoq nou tropBovarqt
ono ro liBnro, orpoyyoli(aror oro 100 bar Kor orn ouvexerq unepOeppoiverot xot
noN orouq 4O0oC, Kcl ornv Koroorqon our4 o64yeirqt oro rpnpq urynlnq nieoqg rrlg
rouppnivog, 4 onoio rov Xpnotponotei pe Boopo notornroq 0.85 p6ypt nieorl 12bar.
Merq ono pro ev6ropeor1 unepOip;rovorl orouq 400"C, o orpoq EKTovoverol oro
Tpnpq Xqpnlnq nieoqq piypt nieon 0.04 bar pe Bo0po notor4roq 0.7 .
floon ?epptorr1ra npoo6i6erat oe xo1e kg arpoA oro Ai\nrq xat oroug 6uo
unepgepltavrnpee; floon ?epponra anayeTdt oro oupnuKvurn; llotoq eivar o
?epprcoq, Bogpoq, ono5oonE rnE 6nro€nE; llooo eni nAeov 6pyo ava kg arpou 0o
pnopo1oe vcr Kep5neei, €ov ctvTtKorctoro1ei o orpoyyo)tolloq, qno rnv xpiorlt4
nieon ltixpt ra 100bar, 1te xaroM4Ary roupltnivo 1te Bo?1to notornraq,0.7, xq orn
ouviyen unep91pltovon rou ctrpou oroue 400"C;

43.
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Avo kg crrpou 0o npoobidowqt:
oro trdBnrq 2628.9 kJ
orov 1o unepOeppowilpo 485 kJ
oro 2o unepOeppownpo 548.8 kJ

Irov oupnuKvuJTn 0o onoppinrowqr 2412.8 kJ
O 0epprxog Bo0pog onodoorlq eivot n=0.304
To 6pyo ovo kg or;rou eivqt 1114.8 kJ
Me ronogiTnon Urqq rouppnivoq owi Vto ro orpoyyo.\topo qno rqv xpiotpn nieon piypt ro
100 bar, 0o xep6i(ops enr nAeov ipyo 94.5 kJ/kg, h8.48V"

44. Ee pro ouvduoopevq brepyooio orpou vepou - orpo0 qJUKTrKou ptioou, o64yeirotorqv
rouppnivo ctrpou vepou unipOeppoq orpoq 150 bar xqr 500"C, o onoioq EKTovoverol
o6roBorrxo Kct owrorprnrq p6ypr ro 22 bar. O orpoq nou a[ipyerot ono rnv
rouppnivo onodidsr Oepporqro oe _ivqv evoMoKTn 0ep;ror4roq oro uypo 6tg0opo-
6ry),r,rpo-pe0ovro Oepporpooioq ZToC rqr nieonq 32.5 bar, ro onoio 0eppoiverot orrl
gepporpooio ppoopou Kor orponoreiror, evo o ctrpoq rou unepOeppoiverot orov i6to
evoMoxr4 Uexptrouq 22OoC. O or;roq rou ryUKTTKou l.leoou eKTovr,.lvtrotorn ouv6xato
oe Ulcr rouppnivo paxpr rq 11 bar Kor oupnuKvdverqr. H ouvotrtx4 6toro[r1 iyet toyu
500 MW.
fltig xoroviperor 4 royiE aurn oile rouppniveE arpoi vepou Kat arpou tyuxnrco0
pioou; lloro ?eupnnKo Ba?1to ono5oorTq,6yer q 6nral4, xar noEE ot ndpox}e ruv
6Ao p6ouv nou el*pyovrot ano ne roupyniveE; llotiE napoyiE oyxou 0a
qni66ov ot roupltniveE, €ov n oupn1xvuo4 Ytvorov oo ora9epi niwn
oultnuKvuri 0.04 bar;

O orpoq 150 bar xqr 500oC iyer erdrxrl evOo,\niq 3313.2 kJ/kg xqr erbtrn ewponio 6.3504
kJ/kg K. Korq rnv ovnorpenrq obroBonKn rKTovr,roq p6yprts22 bar, perorptnowqt489.31
kJ/kg oe dpyo orrlv rouppnivo.
O exrovur;.ravoq orpoq eroipyerqr orov evoMoxrrl pe h=2823.9 kJ/kg Kot ouHnuKVuJVtTol
ewetrdg. To oupnurvopo 6yerh=930.95 kJ/kg, onorc vro KoeE kg vepou Stqri0ewot (2823.9-
930.95)= 1892.9 kJ yro r4v npogippovon, eEoruron ror unep06puovon rou CFrCl,

,--To uypo q,uKTrxo iyer c=1.42 kJ/kg K xql n evOotrnio e[orpro4q rou oro 32.5 bar eivqt
116.06 kJ/kg, n evgotrnio Kopsopou rou orpou rou 634.49, Kqr n evOotrniq unepO6ppovorlq
orouq 22O C xor32.5 bar 780.91 kJ/kg. Eror xoOe kg ryuxrrxou peoou, qnoppoqo 329.22kJ
ono rov evoMoxrq.
O troyog ruJV poulv Uo(qq orpou Kor WUKTTKou Ueoou npoKunrer qno ro too(uyto rou
evqMoxrn:

1892,94 kJ/ke H"O - -- ke KII
319.:12 kJ/kg l( l \ [  

" ' ' "  
kg HrO'

Mero rrlv odroFqrrrn Kqr owrorprnrn rKTovulon ono ro 32.5 oro 11 bar orn 24 rouppnivo,
ro rluKrlKo p6oo eyer h=736.22 kJ/kg xqr ono6i6et epyo 44.69 kJ/kg.
H roup;rnivo orpou vepou onodi6er 327.8 MW, evo q rouppnivcr orpou tpuKTrKou Ueoou 172.2
MW. O 0eurpqrrxoq Bo0poq onodoorlq Tnq evKorooroorlqeivol 0.31
H rouppnivo orpo0 vepou broppierorono nopoXi62.22r3/s, evo n oMq ono 1g7,14m3/s.
Eqv 6ev unnpxe o ouvduoo;rdvoq xuxtrog xor eiyope pro ontrq rouppnivo orpou pe nieoq
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ouunuKvorR 0.04 bar, rore vro roXU 5OO MW 0o eiyope nqpoxn gt++ t37s orrlv i{o6o TrlG
rouppnivoq, 611lo64 67 gopiq peyotrurepn on'qurnv ornv 6Eo6o rnq rouppnivoq rou
ryurrrxou. Auro orlpoiver orr q dro;lerpoq rnq rouppnivog ournq 0o rlrov 8 gop6q peyotrurepq
qno rnv rouppnivo Xqpnlnq nisonq.

O oupnreornq Uroq q,uKTrKnq pnxqvnq pe oppr.rvio, oupnri(er qrpo opl.tttviog ono
rouq -1OoC xan2o/o uypooio, pixprrq 10 bar, pe evEerxvupavo po0pto ono6oo4q 75"/o,
ovrlypdvo ornv odroporrxfi drepyooicr. O oupnreopevoq qrpos qexo(erot oe evq
oupnuKvrdrn Kqr n uypn oppt^rvio unoqluxaTor orouq +15"C. M6oo ono Hlo
orpoyyo,\rorrxn BotrBido, odrlyeiror ro uypo orov eforprornpq, onou crrponoteirot
orouq -1OoC. O orpoq ovoppogorqt Kqt noh qno ro oupnreorrl. M'ouri1 rnv Vuxnxn
6rorof4 0o npenervo nopoyowqr500 kg/h noyoq ono vepo geppoxpooioq +20"C.
Ilooa kg appuvia ga npinet vo oupnE(ovrat avo upa ano rov oupnaorn, Kat
noon eivat r7 q)uKnKn wyjE; Iloon 9eppor\ra anodi5erar oro vEpo ryJ{nE oro
oultnuKvur1, xot floon eivar 4 rcyiE rou 4AexrpoKtvnrnpa rou oupnteor1, ov
Ang0ei unoqtn UnXavrKoE $ogpoq, onodoorTE Tou oulJnaorn 80Voi llooeE
eKdroortctieq, ltovodee eivar yapqAorepoE o apQpoq, rcy0oE r1q 5npyaone ano
ourov rou xux)ou Carnot peroSu ruv i6tuv enniduv 9epltorcpaoiaE; llooo eivar
To nepexoUtvo oe arpo rn; opltuviaE oro riAoE rou orpoyyailopou; fTorov oyxo
eppoArolto0 anorreirq vo iyer o oupnaorne @nAiE evepyeioQ, eqv Aerroupyei pe
opt?lto orpog)v 500 rpm xar Ba9po nArTpuor1E 90%;

H e!€olniq rnEnq rou novou eivot 332 kJ/kg. Anorreiror trornov roxuq 57.81 kW.

Ano rouq nivoxeq qrpurv yro rnv qppoviq, trouBqveror vrq geouoxoqoiq Kopeopou -10 C:
Po : 2'91bar' o[ : 0'418 -t/tg-: -[6 1 37-2'6 k{}g'- h[.:1669'3 kJ/kg'
oo : nSe,z kJ/kg' si : 4'015 kJikg K' s[ : 8'9a3 kJ/kg K;

6r nJrorr woae,*o.r 4O D"r .. t,:24,9oC, h' :635,9kJ/kg, h" : L1o}'IkJ/Lg;

yrq rnv uvpn qppovio orouq + 15 C, nou ovnororyei orqv unoqu{r1 (onpeio 5 rou xuxtrou ;re
unoquf4), roxuer h'^=488.6 kJ/kg.
Iro or1;.reio 1 pe xr lO.gg toxuet \:hi * rt'ao: 1643,3-kJ/k9,

oro o4peio 8 aivor: he : hi: aSS,O [4kg,

/- onore npoKunrer n qruKTtKn roxuq hr-hs= 1154.7 kJ/kg.
/ Apo 0o npiner vo oupnri(owor M = 180.2 kg oppr^lvioq ovct tilpo. To neprexopevo oE ctTpo

oro re.\oq rou orpoyyoNopou npor0nrer ioo pe 0.894
Koro rq oupnieorl dyoupe unep0dp;rovon rou orpou. Ano ro droypolrlro Mollier rrlg o1.t;.tttvioq
ppioxoupe novo oe roewponrKn ypoplrn ono ro onpeio 1 ;r6ypr rnv rooBopn rov 10 bar:
hz = 1806.2 kJlkg
Ero vepo quEnq onoppinrowqr 68.7 kW,
ro ipyo ovo kg opll^rvioq eivsr 217.1 kJ xot o opr0poq roxuoq

H dtepyooiq Carnot perofu -10 xqr 24.9 C go eiye s=7.83
H toyuq rou oupnreor4 eivor 13.59 kW.
O oyxoq eppofuopou rou pe etdtxo oyxo . ur : r),e8,- u[ : r),4lmil<s
xqt BqOUo nlnpoonq tr=0.9, eivar 2.734l.

45.

" ==i:=*,: z,oe'
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46. Ie 6vq oepontrovo, perpreror n roxuTnrq nrnonq lra Boon rrlv nieo4 ctvctKonnq ovoq
otdtrnvq Prandtlnou ronogereirqrornv Koreu0uvon nrnonq. O otttrnvqq ouroq 6eiyyet
nieon qvqKonnq 300 mm vepou oe gepporpooio oipo -1OoC xqt onoAurrl niaoq oipo
700 mbar. floon eivar 4 rayjrr\ra rou qepon\qvou;

Me nuxvornrq qtpq P=0.925 kg/m3, npoKunTsl w=80 m/s=288 km/h

47. Evoq orpotr6pnroq nopqyEt 10 rowoug xexopeopivo orl.lo 15 bar qvo 6pct. floon 0o
npenervo eivor 11 etroyrorrl etre0oepn dtoropq rnq BolBiboq qogoleioq rou;

H BoIBi6o oogqleioq go npdner vo pnopei vo qnover rn ouvohKn nqpovttyq orpo0. H
owiOtrrryrl eivor ;.rrxporepn ono 1nv xpior;rn, enopevoq npoKunrel n qnotroupev4 6toropl, Yto
t | l '11"*=0.450 rot uo=0.1317 mo/kg, ion pe A=12.93 cmz
H'ditroUn qurn eiVorBeopnrrrn, Kor Vro rnv npqvpqrrrrl dtoropn rnq BoIBi6oq 0o npenelvq
Inggei unoq,n xoroM4loq ouwetreornq eKponq.

48. Ie pro ourtr4voorlorpou, p6oo rqq onoioq pier orpoq 1.0 bar xor 150oC, ronogerairot
ivo oxpogOoro 6rop6rpou do=60 mm (ouvretreornq gKponq o=0.648) Ylo rn pirp4orl
Tnq poRq pq<oq rou orpou-. O perp4rqq drogopoq nieo4q beiyyet 200 mm vepou
nroon nieonq. floon eivor 4 pon UaZaE arltou ltioa oro ouAiva;

ytO 200 mm vepO0 = 200' 9,81 kgm/ss m2 c - 0'648

(ono nivoxeq orp(^)v) p : 0,517 kg/ms
I lpoKunrel  f=_o#g.2,88.10-amz/ :0,0826kg/s: 292,36 kg/h.

49. Ie dvo boyeio onou enrxporei qnoluro J(ovo, ovKou V=1.5 ffi3, o6nYeiror
orltoogqtprxoq o6poq Oeppoxpooioq 0o=20"C rot nieo4q Po= 1 bar, ;.tioo evoq
oxpoguoiou pe orev(itepn 6roropr4 2 mm', pe pon X0rpiq onuttreteg.
Na unoAoyioere rn Xpovtxn pera/oAn rnE nieonE oro 6oyeio, orev
0 n evaMqyn 1epltor4roE Tou oipa oro 5oyeio lte ra rorxtlpara rou Eival

rooo xo)i, (iort n gep4oKpooio oipa 6ev aveBqivet orcg4ro, xat
(i) xaltpfa evoMoy1?epltornrqE 6ev AapBovet yupo pera{u aipo xar 5oyeiou.

Egooov q 0eppoxpqoiq rou oepiou oro doyeio xporreror oroOepn oe To pt qnopptqrn
Oeppor4roq, egoppovn rnq KorcrororKrlq e[iooonq 6iver yro XpovrKo btoorrlpo z:

,lp V dnt

, .  onorS at 'wr: E :  t I '

t t  :  e , l l z e' J t  t b

Kc, enouevoq uu! : orff 1lz 
a ,

Me yurpro;ro lrero$lnrulv Kqr otroxtrrlpuron npoKunTsr o Xpovoq nou onqrreiror vro vo grctosl
n nieon oro 60yeio ornv rpn p 

, _ v l lryi Lor." : A n r o V  p o l r p '
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