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Evor4ro 3
Oeppol4lreio prylrorcov oepo xouoilrou-
l6tor4req epyo(opevalv piocov

3-l Xcporr4pog6qdoyriv

H Kouon rou piyporoq paoo orov x0lv6po eivor pio ono rrq Eupyooieq nou enrlpeo(ow
onpowl(o rnv toXU Tou Kvnrnpo, Tov Bogp6 on66oonq Kor nq eKnoundq. H lretrdrn rnq
xouoqq eivor Enopivoq onopoiTnTn npoun6oeo4 yro r4v xorworlon rov MEK.

ITo gev<rvoKUnrnpo o onNenpog rou ;rnou(i 6nutoupv€i evepyo xdwpo on6 onou fexrvoet
n xo0on. lr4 ouvdyero q gloyo 6rodi6eror U6oo oro Ootropo xo0orlq Kot ogRver 6Tqv
nA4orooer oro rotyiyoro.

:ro Krvnrnpo Diesel ro Ko0otpo qexo(eror y6oo orov x0hv6po oe Uio goon nou our6q
n8prdxer odpq uq,nlnq nieo4q xor e8ppoKpooidq, xowo oro rdtroq rnq oupnieo4q. E6rir
dXoUpE ouTqvo0)atn oe neproydq onou ro piypo nou 64proupyeiror d;pr rrlv KqTol n,,\n
o0orooq Kor Erot fexrvoer xo0oq q onoio ouveyi(eror xo06q o o6poq Kot ro Ko0otpo
ovoyryvuowor or4 6r6pxero rou rpexoopo0.

To Kegoloro quro eorro(er orn eepUoXnUeio rqq xoOo4q. Anlodn qoxolsiTor pe 14 o0oroo4
xor rrq 0eppo6uvoprxiq r6rorqreq rolv epyo(oyevov U6oov y6oo orouq Kulivbpouq rov
pqywdrv npv xor ;lero r4v xo0or1, xoOrirq Kot Ue lq evepyotK,q yeropoAiq nou ouvo6eUouv
rtq 6repyooieq ro0o4q. H ro0o4 orouq xv4rrlpeq Otto Kot Diesel 0o Eteroo0ei on6
gotvoljwoloytxn oKonto orrq ev6rqreq 7 Kot 8. :ro onueio quro eo nrov Xpnotpo vo
flqpouorooro0v oe ouwoyio ro rOpro gorvoywo nou ouv6iowot pE rnv KoUon onq MEK.

H drepyooio r4q ro0oqq eivor pio roxeio, eEdr€eppn owi6poo4 o6ptoq Qoonq, orqv onoio
ro oEuy6vo_eiv_ot ouvngoq 6vo qno ro owr6giwo. H gl6yo eivor pio cwi6poo4 xouo4q nou
pnopei vo 6ro6i6eror oro Xipo UE unonxnTtKn roy0r4ro. H xivnon rnq gloyoq oyelio pe
To oKquoro Uivpo eivor e66 ro xupro XopoKTqprorrxo. H 6op4 r4q ployoq 6ev eflpicror on6
ro ov. ourrl Kvsiror oe oydoq Us rov nopornpnrn, n nopopaver oroor;lr1 xor ro o6pro 14
6rooyi(er. To Urirono r4q gtroyoq eivor q (6v4 ornv onoio ewoni(eror xupioq 4 xoUo4.
flpoxenor yro yio (rivq eloyrorou noyouq orqv onoio nopornpeiror roxupn o0v6jon UeroEu
rov gorvopdvtrvrnq XnplKnq qwi6poo4g, rov 6repyoo[iv l.rerogopoq pA<oq Kol eepp6Tnrqq
Kor rnq ponq. H nopovoyn gepp6rnroq Kot evepydv (ovropivov) ouoronKov efltroxuvouv
onpowrr(o rnv XnUIKR owi6poon, n onoio 6poq nepropi(eror qvoloyo ;re r4v 6roeeorporrlro
rol owr6ptiwr,rv, nou uerogapowor or4 (riv4 rrlq g^6yoq on6 ro peuoro. orov or 60o ouriq
dtepyooiaq Fpioxowor os tooppoflio r6re 4 gtroyo oroerponoteiTot.
Or gloyeq rofrvopoUwor !e goon ro nopoxcro yoporr4prorrxo rouq :

(r) ln o0orooq rou pivporoq rov owt6p6w0rv Koro rrlv eioo6o rouq orq (ri:v4 xouo4q.
Orov ro xo0or;.to xor ro ofuyovo eivor opoyevrirq wopepery;rdvo (i6ro goo4!), rore
6youpe 14 tr€y6psvn gtroyo npowoprfqg.

orov ro owrbpdrwo 6ev eivor npoovoueuervuavo ror 0o np6ner vo ovqurxgouv Kowo
or4_(tiv4 owi6poonq ixoupe pio gloyo 6royuo4q, onou n ovopEn npoyporonoteiror
pe Boon Etepyooieq 6loXUonq.

(iD To oeurepo pdoo rotrvouno4q groyriv oyeri(eror ue ro ov q porl rorv owrdptirworv
Uioo ond rn 4dlvn owi6poo4q eivor orpor4 n ruppdr64q.
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Irn orporn pon 11 ovop(n Kor n UeTqgopo vivowor pe UoptoKiq 6repyooieq. Irporr4
pon pnopei vo axoupe pdvo vlo Xoun^ouq optguouq Reynolds (o lovoq Tov
o6pwerxdv Euvopeov npoq flq Euvoperq rfridouq rou peuorou).
Irnv rupBodn pon, n ovoyrEn Kor n peTogopo evroyuowor o4powrxo ono 14

l.roxpooxonrx4 o)€TrKn Kivnon rov 6vr.rv rou peuoro0, flou Eivot Kot ro Klpto
XopoKTnpronKo ouro0 rou ei6ouq r4q po4q.

(iiD Evog rpiroq rponoq rofrvoprlo4g Booi(eror oro ov 4 gloyo eivot oroeepn n ooro€nq
(Uovqrn n perolorKn).
E6d ro xpiorlro XopoKTnplorK6 eivot ro qv n 6opn Kot n Kivnon rnq gAdvoq
UeToBoMowor pE ro Xpovo.

(iv) T6troq 11 g.\oyo yopoxrrlpi(eror enionq qn6 rnv oppKn goon rov owr6p6wurv (orepe6,
uypo, o6pro).

Or ql6y8q r4q xo0o4q ro,v MEK eivot U€ro8orrK6q e{orrioq rou x0r,\ou tr€troupvioq rouq.
Enio4q or gAoyeq our6q eivor rupB668rq, yro vo pnopei vq o^oKlnpdvETor yprlyopo 4 xoUon
orn plKpn oropxero ev6q KUKlou.

O oupBonK6q 8ev(rvorrv4r4poq Koiet ro xo0orpo pe UeroBoflKR, TUpBdEn gloyo
npoovoprEnq, xor ro piypo oipo xouoigrou oro onoio 6to6i6erol n gloyo Bpioxerqr ornv
odpro 0oon.

H xouo4 oro Diesel yiverot pE peroporrxrl rup966n g,\6vo Etoxuonq, Kot ro Kouotpo eivol
opxrKo oTnv uyprl goo4.

nopo(oTu, efero(owol orotxeio ono rr1 €eppo6uvqptKn Kot 14 y4prxfi KtvnnKn rrlq rouo4q
IG,,V MEK.

32 Ilcpcdofi l6qnrro0 oepiou

Or ouoieg on6 rrq onoieq onoretro0wor ro epyo(oyevo;16oo orrq MEK (o[uyovo, o(ulro,
6tofei6to rou ov€poKo, ubporpoi, oruoi Bev4ivnq, x.tr.n.) pnopouv vo eer,lp46o0v r6ivrxo
o6pro xor ro i6ro ro epvo<6uevo p6oo oov r6ovrK6 uiyuo oepfuv. olo ro odpro enopdvoq
Kor ro Uiypo unoKououv ornv KorooTolKn eEiooon rov r6ovrxriv oepiurv :

o, =^^, =^frT =nRT (3.1)

AnO Tnv oeppoduvoprxrl eivor yv0or6q or oydoerq unotroyropo0 r4q erdrxrlg eooreprx4q
ovdpyeroq, er6rx4q EWolflioq Kor er6rx4q ewponioq xog6q xor irlq erbrxa{
oeppoyopnrrxornToq uno oroeepn nieo4 xor un6 orogepo oyxo yro dvo rEovrxo o6pro 4 yro
6vo r6ovrx6 piy;.ro oepir.rv.

3-g ftioroon rou oEpc xot rt.ry rouoilGrv

Irr.q p4yovdq eooreprx4q xo0orlq xoiyowqt Ko0olpo pe o6po. H o0oroo4 rou {4pou odpo
goiverot orov nopoxoro nivoxo.

Irrirciple coostituteots of dry air

c.! tp6 by vo|!trE
MoLq .r Mob Mohr
rctslt frr&h iltio

or
N,

Cor

209,500
780,900

9300
300

1,0@,000

0.2095
o7905

1.ofi)o

I
3.773

4.1n

3t.9t
28.O12

3E.948

44.W
2t.962
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Fro xo9e mol o{uy6vou orov oipo uropxouv o},lo

I _ 0.2095-i'di=3'zzr
mols crTpoogotprxou o(dlrou. H nurvorqro rou Enpo0 odpo ynopei vo Ane€ei ono rnv
eEiooon (3.1) Uo R=8314.3Joyle/Kmot.Ketvin Kot M=28.962

p41go,ry:3''|83 x f0- rP(Pa)

T(K) 
si: (3'2)

Ir4v-npoyponxornro o odpoq neptdxet u6porpo oe noo6rnreq qn6 1% iulg 4% ovoloyq pE
Tnv eepUoKpooio Kot ro Bo€U6 KopeoUoo.

H q€TtKn uypooio $i4eto, o4 ro nrllixo rnq lcptKnq nieonq rc,v u6pfiU6v orov oapo
flpoq rnv roon rcJV xexopeo;.rdwv udporyd,v or4v i6ro eoppoKpqoio.

H uyp_ooio rou odpo parpr6ror pe ro vuxpougTpo uypou xor Enpou golBou. Auro qnoreloiror
<mo 60o €eppoperpo nou eivot eKTegerUgvo on pon rou npoq pdTpnon oipq. H
0epgoxpooio rou frlpou BoABo0 eivor 4 €eppoxpooio rou oipil. 6 pofgOq rou qllou
espuou6Tpou ororqpeiror uyqog u€ dvo gurifu nou ouvKorvG,vci pe 6vo Eoyeio pe v6p6. H
0epyoxpooio rou uypou BolBo0 eivor Xqpnlorepn ono 14 Oepgoxpooio rou Enpou B6fgou
a{orioq rrlq a{orpro4q vepou on6 ro guritu. ME KoM npoo6yyro4 lnopou;ra vo rinoeiooupe
orr q oeppoxpooio uypoO BotrBo0 eivor 4 o6roporrxfi Oeppoxpooil x6pedpou. Eror n nieiln
mv u6porpdrv pnopei vo t4g€ei ono flq perp4pEveq ru6q eepuoKpodrovirlpou xor uypo0
9olBo0 xor lte Xpnon Ev6q q,uxoueTptxo0 yopr4 onr,rq ouro0 r4q erx6voq i.''

TTGUNE }I
hlEtroDctric cbrra for air.wstar mirturcs !t I rlltr o.phcfF-. (From Rcyrbblr..l

m242a325
Mirn|t! (dry+0lb) rlmFrlrur!, oC

:XnUo 3.1



:To oxnpo 3.2 rpoiveror

]7
11 eni6poorl r4q uypooioq onq r6tdrnreq rou oEpo.

Et

go

!-4

.E

- t0-L

]IGURE }2
Efrcct of huoidity oD propcnia. of rir: R i. tht 8r. ootttatrl; c, !!d c, ,rs.Fci6c h!a!r.r conta.trt
votutn. rtd FnBrorrr t! F{vdy; 7 - crlc.; t ir lhc lh rDd colductiviiy. (r'; Ialbr.r)

:XnUo 3.2

To Kouolpo nou Xpnotponoto0wot ouvReorq oT|q MEK eivor piyu(Iro nol^dv EtogopeflK6v
u6povovo\i€poKov nou lou9ovowor KC[o rnv KtroopcTrKn onooroEn rou opvou nsrpeloiou.
or pev(iveq Kor ro nerpiAoro onorslo0wor on6 Tcr ororxoio ovOpoxo Kor u6povovo oe
dvo,\ovio n8pinou 86% xot 14% qwiorotxo (To rerpdlqto pnoporlv vo n€ptaxouv paxpt .l%
eeroqr). 0I o Ei6n KouoiHov €ivor or olxo6req (nou neprdyouv enrnAiov ofuyovo), ro.odpro
Kouorpo (guorxo o6pro cNG, xor uypodpro LpG). or r6ror4req rov nlo Kovdv xouoil.rov
ouvorgi(owot orov nopoxorur nivoxo.

Dr|| oo fucl properties

For-L
Frl (rr&)

SF.tlc
trrday: H..a of

Mddru (a-lty,t r.'..l'td.+
.ddr rd.') U/hl

lJrl.r rr'.r lIlV o(
f..d.t radrt rold.
t.lr. rdr, d:|rt
MJA! MJAr MJ/rt Qtlr't, Cl,t,

St .lic l6t

Ild{ v.F.,,
U/rr. I UAr. r

Lighr did.l

Eth.nol

HydroFn

c'H, r"0)
qH,..0)
c.H,,.{t)
c.Hr GNo,.G)

cH.c)
c!H.(8)
c.H,,o)
c'.H'.()
c"H"o
c,Hr0)

cH.o(D
ctH.o(D

c(s)
co(r)
H'(g)

-lto 0.?2-{-?8

- l?0 078 0.E4

-2@ o.t2-o_EE

- lE (-0.791)

16.0. (0.721)
zh.ro 0.5r (2.01)

|4.23 0.692
225_4 0.77t
78.t | 0 E79

92.14 0.E67

32.U 0.192
16_Ot 0.?85

f2.01 -2t
2E.01 (r.251)
2.0r5 (0.090t)

l?.t 0-05E0

t5.67 0.06t8
l5.ll 0.0561

14.42 0.0675
t1.21 0.0?51
13.50 0.0741

5.47 0. tJJ
9-m 0. l

.5t 0_0869

2.461 0.q5
l:{ I 0.0297

lm
97

IM

f06 92

t07 E9

9l-99

r20
n2
100

14.5 0.tbt5
t4.5 0.0690
t4_4 0.069?
t4.5 0.069

2.t3
2.4,r)

ZEJ
2_9

2.15
2.75

2.18

2.E2

2.79

2.68

2.59

{t.3 4.0
45.1 1t.2
45.5 4L8
fi45

55.5 50.0
J0.4 46.4
47.E 44.)
17.3 tg.o
41.9 q.z
42.5 $.6

2.1 2r).0

29.7 26.9

33.t 33.8

to.l to.t
142.0 t20.0

2.4
2.2

I
0.61

2.5

2.1

|.72
t.6E

2.6

2.5

35(}

210

v
J09
426
308
]JE
413
4lz

I t0l
810

- 1.7

- 1.7

- l.l
-2

1.5

r.63
t.6
l.l
Lt

|.72
t.9:l

t05
|.44

t2-t9

ll5
t09

2.70
2.91

Lrrc

(l) liqu'd ph.* I G) s$GoB ph8.; (r) rolid pb.!..
I Dcnsity ir lCnJ et 0'C md I srm.
I Al I a(m rnd 25"C for liqsid r!.h: rr I .lm..d boiting rEnp..atu.c for 3e!.ous fuck.

RON, !c*.r.h ocun nuhtE : MON. moro. ar.r. nuhb.r.

E. M. co/&a.t. Hrdrhohon fvb: P.ottu ti*, tuop.tict ond polon@. of Uquidt ard 6ar.r, Mrcrnile4 Lndon, t9r5.
E. F. Ob.n,I|te,Ml CMbstion Engius atd /n poltutio', rat.rr €duqlio.rt publirhcr. tgt3 cdirion.
C. F. T^ylo., Th. tnra4l CodbBtion Enth. h Theott ud P.a.ri... vol. t, MtT prcri, 1966.
, w Ros .nd J. R. C@Ft Gdt.l, T..hai.ol Dato on tu /. 7th cd.. British N.donal Commirtc., wortd EncEy Confcmcc, London, l9?7.
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Konorcg yvdoerq oxenKdq pe nq Kornyopiog udpoyovqv€poKov nou neptixowot oro KqUotUo
MEK eivor onopoir4req yro r4v xorw6non TL,v pqyovroydv r4q xoUo4q xor yro ouro
nopori9ewor nto xoro.
Olefns

(alkeaes)

HH

,c-1HH
C"H:.

Opcn<bain hydrocarbons containing a doublc bond:
hcnc€ thcy arc unsaturatcd Examplcs arc: C2H., cfhcnc
(or cthylcnc); CrHo, propcne 1or propylcnc;; C.H",
butcn€ (or butylcne);. . . . From butene upwards scvcral
slructural isomcrs arc possiblc dcpcnding on thc location
of th€ doublc bond in tbc basic carbon chain. Strairht-
8nd branchcd-chaio stntctures crisr Diolcfins contaio iwo
doublc bonds

Ac:tllenes Opcn-chain unsaturatcd hydrocarbons 
"oot"ining 

on"(alkyzcs) carbou-carbon triple bond. First membcr is acctylenc,H-CIC-H H-C-C-H. Additional mcmbcrs of tbc alfyne scricsC.Hr.-, comprise opcn-chain molcculcs, similsr to highcr alkencs
but with each doublc bond rcplaccd by a tripltbond.

Aromrtics

H

zcrHf fH*."4
H

C.Hr. - o

Alcohols

Monohydric
qlcohok

H
IH-f-oH

H

c.Hr,+ roH

ParQins
(zlkanes)

C.Hz,*,

C ycloparafins
ot noprhenes

(cyclaaes)

ffH-cJ-H
AHH

C,Hr.

Building block for aromatic hydrocarbons is thc bcnzenc
(CoH") ring structurc shown. This ring structurc is ycry
stablc and asommodates additionsl -CH, groupe in sidc

:l:in. and not_ by ring expansion. Exaiptcs: CrH.,toluenc; C"Hro, xylcnc (scvcral struaurJ
arraogcmcnts); . . , . More complex aromatic hydrocar_
Dons rncorporatc ethyl, propyl, and hcavicr alkyl sidc
cnatns rn a venety of structural arraDgcmcnts.

In thesc organic compoundg onc hydroxyl (-OH) group
is subsrituted for onc hydrogcn atom. Thus mcihan;
Dccom6 mcthyl alcohol, CH3OH (also caucd methanol);
erDane bccomes ethyl alcohol CTHTOH (ethanol); ctc

fi
'-f-t-"HH

Singlc-bondcd opcn-chain saturatcd hydiocarbon no!
Tj::,r:"_, l-. Tq': hydrogen cau u" "aiJ F*ii" r*i.Eorecutss stratght_chain aad branchcd_chain confir_rations exisl Thcsc are called normal (n_) and iso col-
Tunds rcspcctivcly. Examptes: CH., ."Uao"; Crff",elhanc; C!H., propanc; Cri{, s , ,r-octanc ard isooctanc.
| trcre ars scveral - isooctanes," dcpcnding on tbc relarivc
f:,1"j_:1, ,1" branches. By isooctarc rs usua y mcantzrz,r-rnDcabytpcDtalrC indicating fivc carbon aaoms in tbc
IT.T_, *"r" {.p"ltane) with thrcc methyt (CHr) branchcs
r-ocal:d rdryti.vely at C-aloms Z L ad 4. naricat acn-
crenr rn onc hydrogeo tate tbe namc mcthyl, etbyl propyl,
ctc,

Singlc bond (no double bond) ring hydrocarbons. Unsatu_ra.oq slnoe nog can be brokcn and additional hydrogcn
y_1:.d 

^Elanptes; 
CrH" , cyctopropanc (rhrc€ C-atomrru5 , r-4nE, cyctobutane (four C-atom rhg); ClHro,cyclop€ntanc (fivc C_atom riug).
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3-4 lrorlero;rarpio rnq Kouong

:ro Kegoloro ouTo eo etox€ouv oxioetg pero[u r4q o0oroo4q odpo Kor Kouoipou t(ot rnq
ouoToonq rov nporowov Tnq Kouonq.

Ew unopyer opxero o{uyovo or u6poyovo€pqKeq rou xouoil.rou U[opo0v vo ofet6o€o0v
ewskiq, npoq 6rofei6ro rou or€poKo Kor vop6. fro To nopa6etvHo rou nponoviou :

CsHr+oO2-DCO2+cHzO

Egopp6(owoq roo(uyro vro rov o!€por(o, To u6pov6vo Kot ro oEuyovo npoK0nrer :

CaHr + 5Oz:3CO, +4H:O (3.4)

Av r6po
oxdon :

Ozuprlooupe rn ouvolxn owiEpoon 6v6q Kquoipou UE rov o6po noipvoupe rn

(3.3)

C", * (" * )o2 + 3.?73N,) = aee , +!a,o+ Lzzl(c + fN, (3.5)

H eEiooon (3.5) npooEropi(et I|C ororxetoperprxdq ovoloyieq odpo Kouoiuou :

(il.: A: : (r + Yrxl?rrrl:-: 2s'ro

_ 34.5644 + yl- tzorr + Lm8r 0.o

H erK6vq 3.3 6EiXvat rn Uerogo^R Tou orotxstopeTptKo0 
^6vou 

oapo Kouoipou Koedlq o 
^oyoqor6plrv u6poy6vou npoq ov€poxo pero8ol Erot pero{0 rov rud,v l (n.X. pev(ivro) xor

4(Ueeovro).

F|cunE 3-3
SloichiorErric airlfuel Btio for air-hydrocarton
rud rnutur.s a3 ! funcriott of fucl hohr H/C ra[o,

:Xnpo 3.3

BaBoro unopei vo yiveror xouo4 enio4q Kor pe gToxo n flIouoro pivporo Kouoil.rou odpo. Me
nepiooarq odpo, o oipoq nou neprooe0er epqovi(eror operoptr4roq oro nporowo r4q
Igugqg. l-ro nopo6erypo n Ko0on rou roooKToviou pe I6Vo odpo ,r,= t.eS (nepiooero o6po
25"/o\ 6ivet :

Fud DLr IYC rxio
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c.Hr! + 125 x 125(02 + 3.773Nr) - 8co2 + 9H2o + 3.1302 + 5t.9rN, (3.7)

Koro rnv Kouon evoq nlouorou Uiypcroq n ouoroon rov npor6wr,lv 6ev pnopei vo
npoodloprogoi onAo xor povo pe ro roo(0yro. npinst vo Vivouv ropqndpo nopodoxiq vto
T4 XnUrKn ouoroon rLlv npot6w0v.

O l6yoq Kouoipou o6po orq rov ororxstoperprxd 6i6erol ono rq oy6o4 :

^ 
_(F/A}.._t

' - 1r1,t\ €.8)

To owiorpogo ourou Eivot o loyoq qdpo Kouoil.tou npoq rov orotxetopeTptK6 :

I = 6-r =(A/F)"'-' (A/Fl,

For fuel-lcan mixturcs: O < l' 7> |
For stoichiomctric mixturcs: 0 : 1= |
For fucl-rich mixiurrs: 6 > l' 1< |

(3.s)

Orw_ro xouorpo neptd)pr o€uyovo (n.y. olxo6,\eq), oKoloueeirot n i6ro 6ro6rxooio, povo nou
ro oEuy6vo rou Kouoipou. Fro ro nopoderypq rnq Ko0onq rnq p8eullKnq olKo6lnq, n
ororxEtolr8Tpio Tnq Kouonq 6ivet :

onore o ororxeroperp[(6q 
^6voq 

odpo Kouoiuou npoKunrer iooq ps 6.42. Awiororyo yro r4v
orgulrKn qlKooAn :

cHloH + 1.5(o, + 3.773Nr) : co, + 2Hro + 5.65N2

c?HroH + 3(O, + 3.?73Nr) _ 2COz + 3H2O + lt.32N2

Kor o orotxetoperptK6q lovoq eivot iooq U€ 9.

l-ro 14 xo0o4 u6povovou n orotxetoperpio 6ivet :

H2 + t(O2 + 3.773NJ: HrO + l.887Nz

Kor o ororyeropETptK6q A6yoq eivot iooq pe 34.s

(3.10)

(3.11)

(3.12)

3-5 E;cppoya rou tou g-A- or4 xorio4

3.5.1 loozuyto svipvstoq Kot Eveolnioc

:e uio 6repyooio xouorlq ro xo0orpo xor ro ofer6onx6 owr6po0v Kor ncrpovouv nporowo
drogoperrx4q ouoroonq. To npoyporK6 povonor pdoo rou onoiou tropilover Kjpo o
trsrooxnuorro!6q quToq, eivql yvLioro uovo vro onlo xouorpo 6noq eivor ro u6poy6vb xorro Ue0ovro, 6Xt 6uoq yto lq Bev<iveq Kot rcr nerpiloro. Ilopoio ouro lnopoups vo
xpnoruonornoouue ro 10 eA yro vo ouoxeTioouue rnv rslrKrl us rnv opxrKR Korooroon rou
Uivporoq )grpiq vo yvopi(ou;ra rrq lenropipereq r4q 6repyooioq.
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To 1o OA ouoyeri(ar rn peTogoln r4q eooraprxrlq evdpysroq (4 r4q ev€otrnioq yro 6vo
ovorxrd ouornpo) Ue dpvo Kor rn geppornro nou qwo)u\ooar ro ouor4po pe ro neprpolAov
rou. Koro rnv egoppoyrl rou 1ou eA oe ivo o0ornUo rou onoiou o,\ o<sr 4 y4prxil ouoroon
0o npaner vo npood{oupe ro ouoyerropo rov xoroordoeov qvoQopoq orrq onoieq oeorpeiror
6r KogE y4grrx4 dvoorl dxer Un6evrxn eoorsptKn Evapyeto n Un6evrxn e!8olnio. Antro6n 6av
Unopo0ys vo onl).youpe elsugepo rrq xoroorooetq wogopoq pn6ovtKnq eooreprx4q
ev6pyeroq R e!€o.lnioq yro Ttq drogopeq ouoieq nou Ueroompori(owor 11 pio or4v oM4 xoro
r4v owi6pooq.

Aq oeopnoouue 6vo o0or4;.ro pro(oq m rou onoiou 11 ouoroorl peroBoA,\eror ono ovrrdpriwo
oE npordwo pio!, XnprKnq owi6poorlq 6n0,q goiverot oro oxnpo 3.4

Iniid !o4

Tr. Pk Yr, UR

FICURE 3{

Coa$ordrn prcc.tr
Hcd ||xl wt trurf..

thl d&

T6 p6 l/6 U2

Systcm charEry from |lactstrE ro product! foa fltt lrw atdyrir

:XnUo 3.4

Egoppo(owog ro 10 eA oro ooornuo ouro psrofu opxKnq xor retrrxrlq xoroorooeoq
noipvoupe

Q^-, - W"-, = U r - II n (3.13)

onou yp4orgonoreiror 4 oyyroooEovrKn oupBoon yro ro np6o4po rou 6pyou (oeTrK6 eivor
To 6pvo nou Kqval ro ouornpo oro neprpoMov rou).

Aq eeopno_outrs pio oerpo ono on^dq orepyooiaq npdrro nptiro uio orspyooio orogepou
ovKou pe i6req rrlv opXKR Kot TeItKn e€puoKpooiq r6re n eEiooon 3.13 yiverot :

Qa-t = U'r - U'R = (AU)v, r. (3.14)

H aooreprx4 svipvsro Tou o0ornuoToq dyar unoorei uio ueTogoln nou ynopei vo parp4Oei
n vo 

. 
uno.\oytorei. Ot dtepyooieq xooo4q eivor a[tioeppreq. Enopdvoq n eoorsptKn Tou

ouor4poroq pog partiveror. Eov 4 efior,ro4 3.14 sKgpoorei ovo mol-Kouoiuou roTs To
qpvnnKd rou 6efro0 U6Aouq rnq ovopo<Erot Oeppor4ro owi6poo4q uno orqeepo ovKo.

Er4 ouv6yero oq ee0Jpnooupe pio 6repyooio uno orogep4 nieon 6rlou n opxKn xor rehxr;
Oeppoxpooio eivor i6req. Eyoupe :

w^-,: 
J'p 

av : p(vp - ve) (3.15)
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Onora n eEiooon 3.13 Viverot :

. Qt.- r - dv| - v ) : u; - u R

Qa _ p : (U'c + pV ) _ (IJ'^ + pV'^)

: H'p _ H,r = @A,. r.

(3.16)
Eov q_efior.ro4 3.16 eKgpooTei ovq mol Kouoipou ro opvnnK6 Tou 6eEtou Udtrouq rnq
ovouo<8ror eepuoTnro qwi6poonq uno oToespn nioon.

Or6repyooieq ourdq pnopoov vo nopooTogouv os dvo 6t6ypopljo eooreptKRq rvapvetoq n
ev€q,,\nioq qwioTotxo l(ot egplor(pooioq, 6noq our6 Tou oxnuoToq 9.5

U, ot Hox

FICURE }5
Sci.m.eric plor of inl.mal cncrgy ({.4
or cothalpy (/4 of r..cran$ atrd Dro_
ducL as a firncdon of tcrnpcraturc.

:XnUo 3.s

Eov 66oouu€ pio run ovogopoq yro rnv ev€olnio R rnv eooreprKn svifero owr6p6wov ornv
9:lll"Jt_1.':" 

.Io 
T6Te ouToHoToq Kooopi4ouue Kor rnv' eeppoiaro ovriOpoonq 

""onoroorlnore oMn eeppol(pooio, ogo0 opi<owot or efrodoerq rov 6uo ypop;rdrv rou
oxnporoq 3.5 (eor,rreprxil evdpyero.R €voolnio owrbpdrwoi Kor np-or6worv o*'Jrudpino",q
Tnq 

-eeppoKpooioq). 
:nUEtdor€ n Ktrion Tov KoUru^dv ouTd,v (Er6tKR g0pUoxopnrrxOinrq unO

oroe-Epn nieon n uno oToeepo 6yKo) oufovet pe rn eoppor(poio. nwioiorio'n onOruia nprl
rnq espp6rnroq wri6poo4q pE|(;verot Ue rn e€pUoKpooio.

H 6rogopo perofO rov 600 eepyornTov owi6poo4q 6iverot dr6 14 oydo4 :

( H)p.r. - (AIJ),. r. = p(Vp - V) (3.17)

Eov ro nporowo xor ro owtdptiwo eeopneouv tdovtKo oapto roTE n oxdon g..17 Viv'rot :

(LH)e, f. - (AIJlv. f, : R,7'r - n'd)T', (3.18)

Orov xoipe u6povovovepoKeq To vepo rou Kcruooepiou Ulopei vo eivor oe odpto n uvpnqoon. H eoorreprxrl evdpyero (4 evoornio) rujv nporowov orrg brepyooief r", 
"ifiuriii s.s

-\LUlv,r oc - (Nilp, 
Z
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e{opr6wor ono ro noooor6 rou vepoO nou lpioxeror ornv uvpn goon. :ro oxnpo 3.60
goivowor or 600 oproKdq neprmdoerq (1m% cruoq n 10o% vep6). Ot Etotpopiq rrlq
eoolTeprKng Evdpyeroq yerofO rov Koynukiv eivor :

l(AU)r. r,.xrorr | - l(AU)y. r,. r,o-el -m ,au'r.aro (3.1s)

Onou troy$overqr unognv n erbrKn eoLrreprKn evdpysro cnponoinonq rou vepou orn
Oeppoxpooio Kor rnv flieon rurv nporowov. Avoloveq Kqpn0lsq Kor ox6oerq toy0ouv xot yto
rnv ev0q,\nio :

l(Alf)r. e,.n,orql - l(AIf)* r..n,o-rl - mr.,6H11t'o (3.20)

fro xonoro Koooruo nou Unopei vo 9pioKowor ev pip8r os uypn popgn oov owr6pdwo
unopxor Konoro drogopo oTnv eoorTeprKn evdpyEro n rnv ev€oAnio Tov crwr6p6wov, nou
unolovi<eTor ye rov i6ro rpono (IyApo 3. 6p).

FICURE ]-6
schcmaiic plots of inrcmal cncrgy of rcaclants and products as a function oa tartparatuc. (a) Eficct ofwrt.. in producls ai aiahc. vapor or liquid. (t) Effcq of fucl in rcadma r! cithcr vrpor or liquid.

:XnUo 3.6

3.5.2 Evoolnieqoynuoflouo0

Orov yvr^rpi(oupre oKptldq rn XnUtKn o0oToon rou Kouoigou, ;lnopoUpe vo ouoxeriooupe
rtq eolrr€ptKdq evdpveteq 11 rrq ev€o,\nieq rov crwr6pdw0Jv Kot rov npot6wov piou, Tov
Eveo^nrdv oxnpoflo!o0 ToUq. H evod\nicr ompqTtouo0 Utoq XnUtKnq dvoonq eivot n o0€non
sveolnioq nou ouvo6e0et rnv owidpoon oxnuoTtouou svoq mol Tnq evdoeoq on6 To
ouorolrKo Tnq, 6nou KoeE ouoToTtKo Tnq BpioKerot ornv erppo6uvoUtKdq KovovtKn
Korooroon or4 6oopdv4 6eppoxpooio.

H KovovrKn Korooroon n onoio oupBoli<eror pe rov eKe6Tn o eivor 4 KorooToon oe nieon
Uiqq oru6ogorpqq orn eeopo0uEvn eepuoKpooio. H nr6 KotvR KoTooroon crvogopoq nou
xpnorponoreiTor oTnv BrglroypoQio yro r6rorou si60uq unoloyrououq eivor os eepuor(pooio
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298.15 K Kor nieon 1 atm. H evgolnio oxnp(Ilrouo0 9pioKowor orouq Isyouevouq nivoKeq
eoppoxnurK0rv r6lorRTov. frov nivoxo 3.2 nopouoro<owor or Ev€olnioq oxnHoflol.rou Tov
ovdo8ov nou Uoq evdrorpipouv yro r4v xo0o4 Tov u6povovqvgpoKov.

TAELE II
Sarldard e!$id.! of fornrtion

afi, 
^'|.lAdl

o!
N,
H:
C
Co'

tO
H,O
co
CH.
crH.
cH,oH
cH!oH
crH'r
C.H'.

Gr!
G3!
Gr!
Gar
Grt
Grr
Uquid
Ga!
Ca!
Csr
Gr.
Liquid
Cst
Uqtrid

0
0
0
0

- 393.52

-21t-43
-2t5-t.
- 110.5,1

-14.87
-r01$
-ml.r7
-23t.5t
-208.45
-u9.35

i 
^r 

29t lJ K (2J"C) |nd r rD'

Fro pio 6e6op6vn owiEpoon n €veo^nio rov npordwov ornv KcrvouKn
ono Tn oxdon :

rrl- E \^tir
t""dt

Kor 4 el€olnio rov crwlEpdwov on6 rn sxdon :

KOTOOTOOn Eiverol

(3.21o)

Hi= T qLE],r (3.218)

3.5.3 eepuoydvoq, 60voun Kouoiuou

Orov eivot owLrorn n oKprBnq XnUtKn ouoroon rou Kouoipou rore go npdnst vq UerpnoouUe
In osppoydvo 6uvopn.

H €eppoyovoq duvopn sv6q Kouoipou eivot ion Ue rn oepuornro qwiopoonq 06 orogepn
nieon n oE oro0op6 oyKo os €epuoKpooio ctvogopoq (25 "C) nou npoKunret Koro rnv ralsto
Ko0on (npoq 6to{ei6ro rou o\r€poKo t(ot vepo) Evoq kg Kouoiuou.

Qnv, : -(A4,e.n (g.22)
euy, : _(LU)". to

Orov ro Koooluo nepr6xouv u6povovo go npiner vo 6tsuKptvi<eTot crv ro vEp6 eivot oe uvpR
(ov6r€pn €eppoy6voq 60vopn) n odpro Uopgn (xcndrep4 eepuoy6voq 60voun). H ovdrepn
e€ppov6voq Euvoun oxsri<eTor l.ls Tnv Kordrspn e8puov6vo 60voun Ue rn oxaon :

Qauv" = Quw, * (T)^r",," (g.23)- \dt,/

H esppovovoq 60vopr1 ev6g Kouoiuou perptdTot Ue st6tK6 eeppt66uErpo. Tto ro oapto
Ko0oruo eivor nro E0KoAo Kol oKptBdq vo XpnotuonotRoouuE avo gspUtd6perpo ouvexouq
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ponq o8 cruoogorprKn ni8on. E66 To o6pro r(ouotuo KogioT(rTol Kopeopcvo oe uopcnlouq
xot ovoprwueTot pe enopKn yrq nlnpn Kouon pon odpo KopEou6vou oE ubporuouq, orn
€eppoxpooio ovoqopoq. To piypo xoiyeror oe 6vqv xouor4po xor orn ouvdxero ro npor6wo
q,0xowor oe ivo tpuyeio vepou ;riypr rqv opyrx4 9eppoxpooio. Ano Tn geppoTnro nou
poTogdpsTor oro vepo gu[aq unoloyi(eror 4 ovdrep4 9eppoy6vog 60voy4 rou Kouoipou.

fro uypo xor orepeo Kouorpo ouvnoi<eror vo Kqiy8Tor ro xo0orpo Ue oEuvovo uno nieon oe
orogep6 oyKo Uaoo oE dvo eeppr6operpo r0nou opi6oq. Evo Eeiypo rou Kouoipou
rono€ereiror pioo oro €eppr66uerpo, nou eivor on6 orofeioolro Xolu9o Kot Eugropdvo oe
vep6 p0{4q orn geppoKpooio ovogopoq. Enopxrlq roo6rnro vapou erooyeror orqv opi6o
oore vo eEoogotrrorei o xopeopoq rov npotowolv r4q xoOo4q ye vepo. O{uyovo oe nieorl
30 (ITpooQorpdv €rooy€Tor ornv o8i6o xor ro piypo ovoglEysrot Ue nl€KrptKo €epuov6uEvo
oopyo. Orov o^oK^nplreei 4 xo0o4 Uerpope rnv eeppoKpooio rnq opi6oq xor rou vepoo
q,0Enq. ETor unoloyi(eror 11 wdreprl eEppovovoq Euvoun rou KouoiUou un6 orqgepo ovKo.

3.5.4 A6ro8orrxeq6reoyooiec xo0onc

l-ro yio o6roporrKn 6rspvooio orogspo0 6VKou n €iouron 3.13 yiveTol

up-ue=o (3.24l,

Ew 4 eooreprxdq evdpvereq 4 svoolnieq divowol oe oydoq pe pio xorooroon ovogopoq
gcpltoKpooiqq To rore

Kor n 3.24 yiverot

- ulTi- u a(T) = (au)7.7,

IUAD- ulh)l - lu^(r) - u^(?i)l = -(au)v,t
(3.2s)

yro pio o6rq9oflx4 6repyooio oroeepnq ni8onq n eEioGron 3.13 6iver :

KOI

tH A'I) - H lTd) - Ut^(D - H"(4)l : -(!JI),.7o (3.26)

To oXRUo 3.7 nqpouoro(et rrg 6uo o6toBonK6q 6tspyooieq Ko0onq nou nopouoro4owot s6ri.

FIGIJRE }7
A-diabatic constanFvolumc combuslion proccas on U-f
dng:un or adiabatic constanFprdsurc comDusrrcn
proc€ss on II-I diaglam.
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H retrrKn geppoKpooio ruJv nporowov Uioq o6ro8drxnq 6repvooioq KoSonq liyerol
odrogorKn 6repyooio q^6voq. flopoEeiyporo 0o 6ogo0v oro oxnuo 3.11

3.5.5 Boouoc dn66oonq Kouonq MEK

Ener64 or4v npoEn, 06roirepo yro nlo0oro Uiyuo) n Ko0on oflq MEK eivot oretrnq eivot

xpnorpo vo opioouus 6vo gogpo qn66oonq nou vo loyBovel unoqrnv ro nooooTd Tnq
yr1;rrxrlq evipyeroq rou Kouoiyou nou 6ev oftonoteirot. Av €eorp4oouye yio Lto4o m n onoio
6ronepvo rov oyxo sLvxou nou nept9d}€r rnv Unxqvn (:XrUo 3.8) n xogqpn sKludpevn
yqgrx4 wdpyeto loyo roOorlq 6iverot ono rn oxdon

t-tHJr)- HADJ:nl L nt^il.r-
\1....cr..t.

EEri XpnorUonoroowot e\i€olnisq ogou ot unoloytoyoi yivowot oe nieon yioq crpoogotpoq'
O Boep6q dn66oonq xo0orlq diverot ono rn oxion :

. =H ^(T^l 
- H AT^lq, =---;6- @.27)

Iro oynpo 3.7 goiverol n eEoplnon rou Boguou ono6oorlq xouo4q ono To I6Yo Kouoiuou
odpq (ovogoptxo pe rov ororyeroyerprxd). H un8poxn rov KNnrnp0rv Diesel eivot e66
npogovnq.

,,J..,ttt',)

FICURE 3{
Control volumc auroundrng cnSlnc.

.I 80

E

470

0.6 0.t 1.0

Erhausr .quival€tcc ratio

FIGI'NE }9
vrriatioo ofcogiac cornbuliion Gticimcy with fucl/air cquiral€ncc ratio'

>Xnporo 3.8 Kot 3.9

0-4
eol6

xilr-* "x^^x o
Irlt o 

o 
";

!e;

-e
o

x Dird3

o Sp.tt-it iion

1.4
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3-6 Epcplroyig rou 2ou eA orn rd0on

3.6.1 Ewoonio

Ano Tn geppo6uvolttxfi eivot Wuoroq o rponoq unoloYlouou rnq ewponioq evoq UiYpqroq
rdwrxtiv oepiul yvoor4q ouorooetlq. Ooo worpdpOnxw oro nponYoUpovo Ylo Tn ouoxdrlon
rr,rv ev€olnitirv (xot eooreprxdrv evepyerriv) UlYpgnov owl[pdwov Kol npol6wov toyuouv

snionq Kor yo rtg ewponieq. Or nivoxeq l.l8 rlq ewponieq ru,v XnPlKdv ouoldv ovoqdpowol
ouvngr,rq oe Un6ivrxn ewponio orouq O Kelvin. Eqv ot ewponieq ol^lv rtx orotyeiov oe yio
geppoxpooio ovoeopoq rceouv ioEq pe !n66v, rore ot rtpdq rrlq ewponioq Evoq UiYUooq
owr'OpCiw6v 6oopdvrlq ouoroorlq, xoqiq rot ot ewponio rou UiYporoq, Tov npol6w0'v'

6oop6vnq o0oroo4q Unopouv vo flpoodloplogoUv.

3.6.2 Mdvroro 6uvord 6pvo nou Unoooi vo noooYel uio MEK

Mio MEK pnopei vo ovotrUeEi geopo0pevn orq 6vo ovotyr6 ,ouoTnpo nou owollooel
SEppoTnTo'Kot 6pyo ue To neprBouov rou. Egoppo(owog ro 20 eA oTov oYKo etravxou Tou

ofiriror6q e.a pnopo0pe vo egoyouue uio 6K9poon Yro ro uavtoro 6uvcn6 o46Aruo dpYo nou

pnopei vo Uoq 60oel n Unxovn.

Av eeopRooupe Uio po<o pouoToU nou drooyi(er rov 6YKo €lEYXou rou rtvrlrrlpo ro np6To
gA 6ivet :

aQ- awv - NI

Ener6n n gepuornTo nnvoiv€l ornv oru6ogolpo, O€puoKpooiqq TA, To Eeurepo eA 6ivel

49. as
T^-

Or 6uo noponovo eftodoelq ouv6lo(owol oq eEnq :

LWv<-(AH-ra$=-48

Onou B eivor 11 e!6pyero oe ouvgnKeq p6upnq ponq. Iuvngoq ro owt6ptiwo 
'Xouv 

rnv

nioon Kot eeppoxpobio rou neptpotrtrowoq. To pdyroro o96ruo dpYo 0o Inqeei eqv Kor To

nporowo eX6uv rnv nieon xot geppoxpooio rou noplpd,Iowog. Yn6 Tlq ouvgnKeq ourtq :

AW < -I@ - 78,,. ,,- (H - r$x,..,.1 : -(AG)r,.p,
AW^- -( G)t^.^

onouG eivot n eleu€epn evapYelo Gibbs.

(3.28)

Evo 0epetrr66eq p6rpo r4q onoretreoporlxor4roq pioq npoy;rorrxrlq MEK eivot o efepveloKoq

Bo0p6q on66ooqq :

AW AW4':M;: -loch.*.

O nivoKoq 3.3 neptaxel eveolnieq Kol tleugepEq evdpyereq owl6pooeLjv xo0o4g'

(3.2e)
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TATII IJ
Enrhdpia rd frec cocrgier of combutioD rtlctiol3

A8r.. MJADoI aiir., MJAttol

c+o:-cor
Hr+lor*Hro

CH.+2Or-COt+2HrO
Ctl.O(l)+lot-cor+2gro
CrH.(r) + 5Or - 3CO, + aH'O
qlL(0++o!+rco,+3llro

qHr.(4++ot-tco,+9HtO

-39r.52
-210-91
-t0230
-63t.59
-x)$.o
- 152

-5014.6

- 39,r.4o

-23L18
-t00.76
-6t5.35
-fr|1.1
-3175.1
-52t9.9

t H'O (t!) h t od!c!

Onoq goiverot qno rov nivoKo n gepuoYovoq Euvoun ev6q, Kouoiuou eiv,ol q(s66v Kooopn

*;pVrio Kot Yto ouro ouvneoq Xpnoiponoleilol oTnv npoEn o gep1llK6g 9ogy6q on66oonq

urq npoq ro Kq0ofpo , nn'-6il (s.so)

MeprKiq gopiq Eivol oKonlUo vo toxdpioouUe ro onorEl6ouoro rnq orelouq KoUonq Kol vo

opiooupe rov oKolougo gepplK6 9ogyo onoEoonq.

(3.31)
- vu, w, w"?':Err,1=qa14: - @n--;ffi

g.7 Yroppourivr4 unolo$ouoo OGpUoDl,voUlKiY Uera9lnr6v

Orov ypero(erot PEYotroq oprgu6q urotroYloud,v n onoreiTol u$'ntrn oKpiBero ToTe ol

unoLofr'oUoi Vivorriqr'pe X;Roh *7V. ea; eo nopoouoloorogv rirotou ei6oug oy6oetq nou

eiouu'in,iCti'ono ro npoipouuo unotroyrogdv lnuKnq looppofliqq rnc, NASA'

rro Koee ouoio i oe xovouxiq ouv€nK8G nieonq Kol oepHoKpooio T (Kelvin) n et6txn

eeppoKJpnrtK6rnro Eiverot on6 rq oy6or1 :

+ arrTl (3.32)

H ev€otrnio owiorotyo 6iverot ono rn oxEon :

*=",*Tr+!r'z*lr'+!r+ff (3.33)

Kor n Ewponio ono rn ox6on :

i-o,,to T+at2T+\r'+\T'+|Tn+a,, (3'34)

Or flUaq rurv ouwel€or6v Ylo rlq nopondvo e{rodroerq nopouoto(owol orov nivoKo 3'4 Ylo

aa,l6pi oipt. o nivoKoq 6xel 6uo neproxdq oeppoxpoorrirv' H Xounln XpnoluonoleiTol Ylq

io-j#iOpO*o Kot n uq,n;n yio ro nporowo rhq xogonq. To oynpo 3.10 6ivet rrlv afoprrlon

rou cp on6 rn gspyot(pooio yro 6l6tpopeq ouoieq.

T=orr*opT + arrT2 + anTt
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Co€mciertls for species lhermodyrrmic propcrties

SFd.. f n4r, K

CO,

Hro

Hr

or

Nr

1000-5000 0.1460t{+ l)
3(,0-l0m 0.2100t{ + l}
lmGs(m o27t68(+ l)
SqFlm 04070(+ l)

l0d)-J000 0.29841(+ l)
300-l(m 0.1710(+ l)
lm-50(n oilm2(+ l)
30G10@ 030574(+ l)

lm-sm 0i622q + l)
300-1000 o3625q+ l)

l(nl5(xb 02496(+ l)
300-l(m ol6?4t( + l)

l@(F5q) 0.29106( + l)
t0m-5m o3tt9q+ r)

tqxFSq)o 0.25421( + l)
10@-5qD O25(+ l)

om982( - 2)

0.8735( -2)
0.2945 ( - 2)

-0.u0t4{-2)
o l4E9( - 2)

-o l6l9( - 2)

o5ll19(-3)
0.26?65( - 2)

0.73518{ - 3)

-0.rt184-21
0.r5l5q - 2)

-0.1m82{ - 2)

0.e5eJ4-l)

0.r 33t2( - 2)

-o.ns5\-41
0.0

-0.12393( - t
-0.6607(-5)

-0.8022( -6)
0.4152(-5)

-o5790q -6)
0.36924(-5)

o.s26441-71

-o5t099( - 5)

-0-19652{ - 6)
0.70555(- 5)

-oJ?235( - 6)
oI24q- 5)

-0.t9,r,r2{-6)

-o52t99( - 6)

- 0.31028( - t)
o0

02274( - 9)
0.2m22{ - 8)

o 10221- 9)

-03631-r)
0.10355( -9)

-0r32q-8)
-0.3491q - l0)

0.552rq-8)

0.36202{ - l0)

- 0.67635( - E)

0.99t01- r0)

- 0.6321 r( - 9)

0.13751- lo)

0.959lq- l0)

0.455r(- ll)
0.0

-0.15526(- l3)
063274( - r 5)

-0/J474- t1l
0.t0702{ - l2)

-0.69354(- 14)

0.239s3( - 12)

0.36945( - 14)

-0.1&21- u)

-0.2t9a6(- 14)

0.21556(-ll)

-0.6522{ - t,a)

-o.ns17l- t2l
0.142251- t5l

-o6{64t(- l4)

-o.436t(- r5)

0.0

-0-,18961(+t
-0.48378{+5)

- o299ff( + J)

-0.302tq + 5)

- 0.14245( + J)

-o14356(+ 5)

-0.E7738(+3)
-0.98t9q + 3)

-O 1202q +4)
-O 104?5( +4)

-0.510586( + l)
-0.106lq +4)

0.39354{+4)

0.9t2t3( + 4)

0.29231(+5)

0.254721+,

-o9t636(0)
0.96951(+ l)
0.65106( + l)

-o3227q0)
0.63479( + I )
029555(+ l)

-o19629(.f l)
-o.2:x$1( + t)

0.3615( + l)
0.4!053( + l)
0.61615(+ l)
0.858q+ l)
0.54/.2y.'+ t)

0.57458{ + l I

0.{9m3(+ l)

-0.16012{0)

OH

NO

o
H

So/r.rj NASA Equilbnuo Cod..'

noluovuprKdq 6KQpooelq Ylo rlq
odprq goon) 6ivowot noPoxoro.

flcuRE 3'lc
Spocifc hcat al conlirnt prcalult"
crlR, ar lunclion of tcdFrsturc for
spcci€. COr, HrO, O', Nr, Hr, and
c.O. (Ftuh J AN AF tabbs.'\

geppobuvourKaq ouweroYudveq 6to96pttv

tn,1 = A1t + A12t + lrrt' + Aln1 +f

f
-+4.,2 " ', * o,.l -* + Ay5 * A1e

Kouoipov (oe

(3.35)

T€rry.r&n!, K

ir: Atr t * An (3.36)
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Ot oro9epiq nopouoro(owor orov nivoKo 3.5

r,rst-e 3.5
Coelficicnts for lnlynomieb lEqs

.r1),)
rnd ( for fuel enthalpy rnd specific hert

MoLarl|t
n isb Uln, (FlAlr Atr At,Att At,

Mcthar|c

hopr!a
Hcnac

Itooclrnc

Mcttsnol

Eth.rnol

Gerolinc

Di..d

CH.

c:tlr
C"H -
CrHrr

cH:oH
crH3oH

Cr.tHr:.r
cr.r"Itrr.r
Cto..H'r.t

16.04

14.10

t6.18

|1.2

26.t27

71.3t9

2to46

181.62

,9L 156

39.141

2$.63
D7.9
246.97

- lo5l0

- 39.065

- 164.125

-91.1a7

-27.9t
-u.926
-ml.6t
- t77.26

- t43-74

1.5656

to543

52.tr2

m.42
72t93

0

0.16573

0.012t9

0.56635

-0.03095

t7.23

t5.67

t5.24

l5.l,l

0.05t0 -0.29t49
0.063t - r.M1
0.656 - 20,.777

0.0651 -0.55313
olJ.f6 -27059
0.llll 6.990

0683 -24.07t0.06% -21501
0.069r -9.1063

-lt.33l ,Ll((n

-27.313 r.t52

-39.t35 15.61|

-&.75t m.232

-4t.2Et 5.3375

-&214 7.6t35

-21 .fi2 11 .192

-t7.57E 15.235

-50.12t 23.514

o20299

0

0.5t08
0.,tt45

64.15D
56.046

32j29

32,04 617

6.07 9.m

ll4_t tLu
106.4 11.17

l,lE.5 14!

Uoirr of ,14 !u.h $ri f,, ir i! &c.V!dot |'d e,r ir i, crvrnot ,K sith , - TIKytom.
,f/.9v.r. hdpt &rrE rt m.$ KilA,. + A,)a;r6 cn$dpy d|roo rl 0 K.

3-8 ![oroon rou rquoqapiou

Or perp4oerq rng o0oroong Tou Kouooepiou r(Mnrnpov eivot cntq Udpeq Uoq 6to6txooio
pouTivoq nou XpnorponoreiTor Yro rov npoo6roprouo rov eKnop[6v punG,v rov r(lvnrnpov
(povofei6ro rou owpor(o, oEEi6ro Tou o<drou, orouorot uopoyovovgpqKDq, oouoridlo
o|eo,Uq). Enio4q pe rrq pETpnoerq our6q Hropei vo npoo6roprog8i o loYoq odpo Kouoiuou.
Iro xegoloro our6 9o 6o0pe runrxdq ouorooetq rou KouooEpiou t(MnrRpov Ko06q Kol
rexvrKdq unoloyropou Tou 

^oYou 
oapo Us Boon Tn ouoroon rov Kouooepiov.

3.8.1 A86ou6vo ouyKewodoe0lv ouoroflKdv rou Kouooeoiou

H HiTpnon rnq nept€rfin(ornrog rov 6togopttv ouoldv oro Kouoodplo Yiverot Ue rouq
treyopevouq qvc uTdq Kouooepiov, orouq onoiouq EtooY8rot ptl(po noooor6 Tnq ponq rou
Kouooapiou U6oo on6 er6rKn ypopun bervuoroMq,ioq. Mipog rou 6eiyporoq o6nY8iror orov
ovoluTn qKouorov udpoYovo\i€poKov o onoioq lerroupYei pE Tnv opxn Tou lovloUo0 9I6Yoq
(FlD). Or udpoyovo/€poKeq nou neprixowor oro dEiypo rou r(ouooepiou KoiVowot oe gloYo
uopoyovou Kor nopovouv oprgp6 r6wurv ovoloyo Ue rov optgp6 oT6pov o/€poKo nou
Koivowor. flpoxerror 6nlo6n yro 6vov onop€p4rn crldu0jv ovopoKo. Ot ouyxewpdoetq
oKo0oTov u6poyovovgpoKov eKgpo(owor ouvneoq oe ppm cwnyudvol os C1. Av ro
onor8)|ouctro Tuxoiver vo EKgpo<owor oov ppm C3 (npon6vto) 4 ppm C6 (e[wto), rore
noltronlooro<ouue Ue 3 n 6 owiororxo yro vo Uarorp,qroups oe C l . Ol rlliiq ouYKewpdoeu,v
HC nou Uerpoue UE rov ovolurn FID eivor nspinou dnlooteq ono ouT6q nou Herpoooctv ol
nolor6reporcrvoluriq NDIR. H ovoluon pryuorov oKo0orou KouoiUou Kot oipo nopouoto<el
r6roirspeq duoxotrieq. feuKo n ypoupn bervuorolnvioq nou odnvei oe ovolur6q
u6poyovowpoKorv go npanEr vo oivor prKpou linKouq Kor gspHorvouEvol yto vo onog8oyETot
n ouuflur(voon u6pouq, Tu.rv u6poYovqvepoKov.

To povofsiEro Kor To 6rotei6ro rou ovgpol(o rou Kouooepiou perpdwot Us ovo^urdq
onoppoQnonq un6pu0pnq oKflvoBotrioq (NDIR). E6dt n oroppoQnon uniepugpnq
oKTrvoBo^ioq qno ivo KU^rvdpo nou nepr,Xer Kouoodpro Wu)oTnq oUoToonq ouYr(piveTor pe
Tnv onoppognon ono,vov Ku^rvdpo ovoQopqq. O oroenrnq nEptdxst ro o6pto rou onoiou
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perpope rnv our,€eon oa 60o Ero;repioyoro nou 6roprpi(owor ono 6vo EloQpoYpd. H

bxrivoloxo nou 6ev onoppogqrot ono rov KUIvEpo rou 6eiyporoq onoppogorot ono ro
odpro ornv Uio nIEUpo rou 6lo0poYporoq. H orrvopolio nou 6ev onoppogorol oflo rov
x0irv6po ovogopoq onoppogoror ono To oiplo ornv oI n nlsupo rou dtoppoyycroq.
Arogoierrxn o'noppO,pnon orrvoSolioq oro 600 npion rou qlo€nrn odnYoi oe 6togopo
niedng nou.Unopii vo parpneei. H Uirpnon npiner vo yiver lre Enpo Kouoo6pto enetdrl ro
qoouo onopp69nonq unipugp4q orrrvololioq rou u6poryou nEQTel novo oro goolo
qnoppognonq, rr,rv 6uo oepiov nou p6TpouE.

Or ouvKewpdoerq oluy6vou yerptirwor ouv4eoq Ue flopopownrlxo0q-ovolurdq n-ox.6y4 xot
pe xoiounln enefepyooio onptnov nou Eivouve ot oro€r1riq (tpxoviou (otoenrtq I)'

To ofeiEro rou o(orou perpowor pe rov ovolur4 xqpelogolooYeloq. To yovoEei6lo rou

o(tirou oro 6eiyyo rou Kouoo8piou owr6po pe o(ov nou nopovsrol ono 6vov o(ovtorrlpo.

i-ou1iOpoorl noioyer p6plo NO2 oe KorooToon 6tav'ponq, To onoio exndpnouv oxrvopoXo
xogriq enwdpxowol ornv x-orooroon npepioq. H oKrvopolio perptdrol $ dvw
.prtonoUonfobi'ooroi Kot eivot ovoloyq Ue rnv nooornrq rou NO. To opyovo pnopei enio4q

vo uercrToiu,ar ro NOo rou 6eiyporoq l(ouooepiou ot NO nepvdwoq To U6oo ond dvo

OepporvoUevo wofeif,r,rro ooMvo irot tiore vo perptiwor ro ouvoltxo NOy'

H oapro XpoudoYpoqio pnopei vo Xpnolponolneei Ylo rov npoo6loptop6 6krv rov

wOpiqvd'oubrorrx6v rou iouoospiou n y16 vo l.tsTpneogv ol ouvKowp6oglq Tov snl!6pouq

u6poyovov9poxurv oro piyyo rtlv oxouorotv HC rou xouooepiou'

o|eKpnopndqotooMq.u8Tp[iwolusou^^oYnoegitrTporotvot,tport6il.tvon6rrlporl
Eeiyporoq rou xotiooepiou Kol orn buviyero (uyro4 xor 6lullon Ylo rov npoodloployd Tou

oropeo0 xot Etotrurou l,ltpouq.

3.8.1.1 >uoroonrouKouooeoiouBevzvoKvnTnp0'v

Ero oxnUo 3.1 1 tpoivowot onoreldoporo perp4oeorv o0oroo4q f4pou xouooepiou 6logopt'w

rUnov'!ev(tvortvnTRpu,v oe 6roqopo o4peio tretroupyioq'

Erhlulr cquival'nc' r'no

FrcuRE 5 ll
Spark-ignrllon cngmc exhsust gas comp$rrron ddr in molc ftdcdons 63 a fuDclion of furl/air cquiva'

rcn€.e ratio. Fucls: Sasonnc ano rsoocaalc, aiC z 
'o 

zlS $'*t D'Alkn-aia-.Iauetl'2' sttucndar''15

'ii"*,)",., 
'"a 

sntin"'6 spindt''1 and datofro'n the authot s laboratorv at M IT I

o.l2

-.0.to
5'

2

! 0.06

r 
o.on
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:ro oxnUo 3.12 goiverot ;.rio ouoyErro4 Tov neptsKllKoT4rr^rv u6poyovo xot 1.tovo{etdiou rou
or€poKo oe lev(tvoxtv4rrlpeq.

Crbor tl|ot|otrib' r bt rcl'

F GUIE 3.19
ffyUopl conJnrrarion in rpart-iStiiiotr cnginc Gti.u,t 'r 

r fundion of carboo ooloxidc con€a_

rntiot. Uuiu: pcrccot by volumc.to

3.8.1.2 Ae6ou6vo on6 uerpnoetq xouooeoitw Diesel

I

j

e
!a

tro oxnpo 3.13 goivowot To ofloTe)|oporo perp4oar^lv rnq oooToonq gnpou Kouooepi0rv

xrvnrnpurv Dieset. or ouyKewpdoetq ofuy6vou xor 6rofer6iou rou o\r€poKo psToBoMowol

vpo'Uiiro UE rov I6Yo oipo avor or ouyxewpdoarq CO, HC eivot elotpertxo Xopnltq'

Erhlu$ 
'quiv'lcm' 

Eoo

FIGURE 5' l5 
cng*a i! molc fracdo* on a d'y basis a! ' fuocdon of

Erhausl gas composltios-from scvcr'l dl6cr

tucl/air cquivatcncc ratro ''

c

O'o*
o !-

roY
t

x t "o
o"o

xg *o
-,{l 

cot
fr
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3.9 llpoodroplogoq rou loyou oapd 18 Bdo4 rn oioraon tou rcuooepiou

H ouvohKn owi6poon Kooonq rou Kquoiuou orov Klvnrnpo Unopoi vo ypoqei oq ef4q :

,c,H.o, + f tO, * r.zzrNJ = zliq6c.H, + &oCO + icorco:

+ ioro2 + ir,Nz + i,rcNo

+ iNorNO2 + iB,oJ{2O + i!,HJ (3.97)

onou g Eivor o Aoyoq Kouoipou oapo oq npoq Tov orol)€louerplKo.

O opr€yoq Uopiov oEuYovou nou onotteiror yro rdlero Kq0on 6iveTql on6 rr1 oydorl

Ynopxouv 6rogopeq re)0lK6q Ylo rn Xpnon rqq e[rorirozuq 3.37^Ylo rov.npoottoptop6 rou

,p. :Jvneoq x'piorion6'rouwoi or ouyxewp6oerq Co, xor Noy xor HC' ot noponovut

6uv*ewpo6eii ogopouv ro Enpo Kouooapro orqv efio-oo4 3.37 unopxouv 7 owtroroL'

rto rnv onotrotg4 rcrv oyvtilor0rv xpelo<ouooTe 7 EElodoelq ennAdov. J]iws eElodo8lq

ynopo0v vo l4gbo0v ono'rov oploUO rou poproro0 xlooporoq xot ro too(0yto ordpulv rov

4 ororxeiov :

loo(0yio o!€poKq'

n= nfa*s.i. t i* + iqoJ (3'38)

loo(uyro u6poy6vou

m: nlbicry + 811,e * 2ir,) (g.gg)

loo(uyto ofuy6vou

, *bL;' = nrlx.o* 2i6q' * iNe * 2io' + ifl'o) 
(3.40)

loo(uyro o(drou

ry-: rr(2iN, + iNo) (g.41)

AoporoUo UoptoKdlv xtrooP6rotv

ic.tb + ico +iH, +iH'o +iN' +iNo+ico'+*o'= I (3'42)

Miq enrntriov nopodoxn eivor n nopoooxn rnq loopponioq r4q owi6poons Tou ubpoopiou:

ico iu,o : r (3.43)

i.o, it ,

6nou K=3.8
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fro rnv oloKlnpcron rou uroloylopou pnopei vo yivouv noponipo nopodoxiq nou
ouvoryi(owor nopoKoro.

Fro xo0otpo nou qnor8louwor onoxletoflKo ono or€poKo xor u6poy6vo xor orov oAeq or
yerp4oetq vivowot pe Enp6 xouoo6pro r6rE o A6voq oipo xouoil.rou 6iverot ono rq oy6o4

I A\ . _- /q!'!) (coJ + rco)/z.ier,o/li t\9/2.+ (No,) + to,l 
@.441\- )= "'"' \ Mt/

6nou : M* = 2t.96, Mr = lLot + 1.008y whffe t i3 thc H/c rario of tb. fuel,
(HC) is molar pcrc€ot unburncd hydrocarbons as Cr, and

KOI

r",ol=0.rr."6fr#i

Ie nepimoorl nou ro HC U8rpdwot oa uyp6 xouooipto Kot ro unolotno ouorqrlKo oe Enpo
Kouoodpro ro g diveror on6 14 oyiorl

onou To UoproKo KAoouoro oro uvpo xot [qp6 xouoodpto ouv66owot Ue rlq oxioelq :

i,=(t - irrJii

i61a,+(1 - ii,oxiEo + i|b,);"r":frffi
t"r-*

,",=t#-a-i,dg&+.lieJ
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TABLE D.I
Thcrmodynrmic propertiB of ril at Iow de6ityf

o?
?,\a
K u/k rJ/|.3 U/Gs'K) LJ/(l(s' n

250 @.9
275 435.0

300 460.I
t25 45.2
350 510.4

t15 J35.5

,o0 5@.8
425 5t6.2
450 611.6

475 637.2

5m f6.2.8

525 6tt.5
550 714.s
515 7{().5

6@ 766.7

625 793.0
650 819.5

615 846.1

7m t72.9
725 t9.8
79 926.8

n5 954.0

8m 9tl.4
E25 100E.9

850 1036.5

t75 1064.3

900 l@2.2
925 1120.2

950 lltl8.4
915 t176,7

t000 1205.1

l{Ds 1233.1

1050 t262.3
t0?5 l29l.l

I t00 1319.9

ll25 l3tl8 9
I150 1378.0

I175 l,l0?.1

t3t.l 4.4fi5 7.6603

356.0 4.5187 1.7559

374.0 4.5t1I 1,8432

391.9 4.5385 7.9236

409.9 4.6919 1.9982

427,9 4.1416 8.0678

#.0 4.?EE4 t.1330
464.2 a.tt24 t.1945
4t2.5 4.t142 8.2s27

500.8 4.9139 t.l0?9

519.3 4.9518 t.l6o'6
537.9 4.9t81 6.4109

556.5 5.0229 t.45m
515.5 5.0565 6.5051

594.5 5.0888 8.5499

613.5 5.1201 t 5929

632.9 5.1501 t.6344
652,3 5.1?,6 t.5745

671.9 5.2061 8.?135

6gt.7 5,2158 8.7512

?t 1.5 5.262a 8.7879

7tt.6 5.2E91 8.8236

15t.7 5.!147 8.E584

Tr2.l 5.3391 88922

T)2.5 5.3611 8.9252

&3.1 5.3880 8.9574

38.81 1849.0

54-t4 1458.0

73.39 | 173.0

97.t1 %0.6
125.9 797.E

160.5 670.E

mt.4 570.0

249.6 4tE.9

30s.6 422.7

310.4 368.1

445.0 322.5

530.2 234.3

6n.t 251.8

136.E 24.O

E@.6 200.1

999.5 179.5

1155.0 161.5

1329.0 145.9

1521.0 132.1

1735.0 119.9

1912.0 109.2

2233.0 9.63

2520.0 91.12

2E36.0 t3.52
3181.0 76,11

3559.0 70.5E

3971.0 65.07

4419.0 ().08
4907.0 55.58

5416.0 51.49

6009.0 0.71
(629.0 4.39
7299.0 41.30

8020.0 38 '18

E79?.0 35.90

9632.0 33.53

t0529.0 31.35

11490.0 29.36

f2520.0 27.51

1.001 0.715 1.401

1.003 0.?15 l.40l

1.004 0.111 1.400

t.006 0.718 1.400

1.00? 0.720 1.399

1.010 0.123 1.197

t.013 0.125 1.396

1.016 0.129 1.394

1.020 0.133 1.392

t-o24 0.737 L390

1.02t 0.741 1.187

1.033 0.14 1,385

1.039 0.752 1.3t2

1.044 0.751 1.379

1.050 0.763 1.376

r.056 0.?6t 1.3?4

l.06l 0.174 1.371

1.067 0.?80 1.368

1.073 0.7t6 1.365

1.0?9 0.792 1.362

1,085 0.79E 1.360

1.091 0.804 1.357

t.@1 0.810 1.354

Ll03 0.816 1.352

1.108 0.821 1.150

l.l 14 0.827 1341

l.l 19 0.832 1.345

t.t24 0.E37 1.341

1.129 0.842 1.341

1.134 0.841 1.339

Ll39 0.852 1.331

l.l,l4 0.856 I.315

Ll48 0.t61 l l3l
1.152 0.865 1332

t.157 0.E?0 l.ll0
l.161 0.8?4 1.329

1.165 0.878 1.327

1.168 0.881 1.326

t.l't2 0.8E5 1 324

831.E 5.4114

ty.1 5.4342
a15.7 5.456
896.8 5,4186

9lE.l 5.5@l
939.4 5.5212
9@.9 J.5419

962.5 5.5522

1004.I
r025.9
1047.8

1069.8

1091.9

5.5t21
5.fi17
5.6209
5.6399

5.65E5

8.9889
9.0196
9.0496
9.07m

9.1078
9. t 350
9.1636
9.1907

9.2112
9.2432
9.2688
9.2939

9.31851200 1436.4

t *';; 
"'--a-.*' 
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