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Evorrlro 7
Kouoq orov pev(voxrvnrRpq

7-7 Kripn loporr4pronro r4q ro0o4g

Iro pev(rvoxtv4rflpo ro xouor;.ro xor o oipoq wopryvUowor oro ouor4;.ro erooyoy4q xor
woppogrirwor orov x0lrv6po ono rq !o.)r!i6eq erooyr,lynq, ovol.rryv0owo pe ro nopopdvov
xouoo6pro xot oupnt6(owot orrl ouv6;1ero. Yn6 xovourdq ouvenKoq letroupyioq rou
xrv4r4po n Ko0on fexvoer xowo oro raloq rou eUBoNoUoo ouuni8onq pe 6vw nl€KrptKo
onrwnpo nou npoKo^€iTot yerofu ro| rltrerrpoEittv rou onNenptorn. Mero rnv dvouon
qvonr0ooeror Uro rupB66nq gl6vo n onoio npoureoiTot p6oo oro opotoyev6q piygto o6po
gev(iv4q xor nopol.tivowog xouooepiou p6ypt nou erovet (no rotyttpcno rou eololJou
xouonq onore xot oBnver. :To oxnpo 7.1 goivowor 6to6oyxeq goroypogieq nou Eeiyvouv
rnv eEilrEn r4q otepyooiog xoUo4q oo lio UovoKulvdpn pnxovn Ue yooltvn Kopdvo oro
nrorou. f'lponopeio 6vouorlq 30o nprv AN.!. 1430 rpm, eIoQpo goprio, loyoq o6po xouoil.tou
19.

hld vahr*
Zxnpd 7.1

Errq gr.rroypogieq n gI6Yo Viverot Ylq np6rn gopo opor4 nepinou artg 24o npv ro AN.:. H

gloyo e ivornapinou xuxltxou oxnporoq onoq goivorol Udoo on6 ro 6UBoIo Kol or4 ouvdyeto

npoogeiTor onouoKpuvouevn ond To onpsio dvouonq. To yotro(to goq rnq 9troYoq
rKn,pneror toxuporepo ono ro pirono rnq gloyo. To ovdJpolo oy4po rou p8Tdnou rnq
rupBur6ouq gloyoq eivor govepo orrq golroypoqiaq. Iro ANI 4 6toperpoq rnq gloYoq eivol
ion ue To 2/3 rnq dtoUdrpou rou Kulivbpou.
H gtroyo grover oro nto onopoKpu cltdvo on6 rov onvenploTn o4peio rou rotlpl'Ioroq, Tou

Kulivdpou nepi r4q l50 UeTo ro AN.:., oMo n xo0on ouveyi(erot oe optopdvo onpeio ornv
nrprgdpeto rou xulivEpou Yto oK6pn l0o.
nspinou ono rrq 1Oo pero To AN.:. opyi(er vo noporqpeirol sKnopnn oxrtvopotrioq leuxou

Xpdporoq nou opydrspo feoupoivet oe po(-noproxotri qn6 pio neptoy4 UE Kawpo rov
onrve4prorr1. npoKerrqt yrq qKTrvogo^io Tov ctopi0Jv nioo qno rn 9I0Yq To ofigiq y0r0 Tnv

KoUon Touq ouUntd(owot xot grovouv oflq UaYtoreq esppoKpooieq rou KUKIoU (nEpinou 150

Uero ro AN.:.) evo ro un6Aorno piypo ouveyi(et vo xoiyerot.
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rrlq orepyooioq Kouonq goivowor oro :Xnpo 7.2, To onoio
flooi(eror oo ororxoio ono 5 6ro6oyrxouq x0xtrouq evoq lw(rvoxrvnrnpo oe lerroupyio.
Iro oy4;.ro ouro nopouoro(owor q nieo4 orov xulv6po, ro xtrooUo r4q po(oq rrlq yopu,onq
nou aXEr KoEi (unotroyrolrivo ono ro 6wopo6errnK6 Erovpopyo o0pgovo pe rq Heeo6olovio
Kego,\oiou 7.2) Kog6q Kor rou t(loopcrrog rou oyxou rou xuAiv6pou nou d)€r 6ton6pooet 4
gloyq Oerp4u6vo pe pooq goroypogieq 6nLrq ourdq rou oplporoq 7.1) oov ouvoprnon rnq
yr.rvioq orpogotrou.

Moro rnv dvopEn rou onr€4pro;.rou rou pnou(i unopx8t pio napioEoq xoro rnv onoio n
eKlu6pevn wdpyero ono rnv gtr6yo nou ovomOooerot 6ev enopxei yto vo npoxolioet
onpswrKn ooEnon rnq nieonq orov Kutuv6po. l(osdq n eloyo ouvexi<et vo ou{wet oe

Uiyegoq Kor vq npooOeiror p6oo oTo goloUo Ko0onq, n nison opyi(et vo oufoverot
o4powrxo, Kor glover oe dvo p6ytoro, onooEnnore pero ro AN.I. Ern ouviyeto n nieon
nigrer nopo ro yevovoq 6Tt n Kouon ouveyi(erot, ogo0 nl6ov n outnon rou oyxou rou
xuliv6pou eivot nol0 onpqwtKn.

Ontoq goiveror oro oxnpo 7.2 n qvomuEn rot 6to6oon rnq gAoYoq 6rogdpet oprero perofU
6ro6oyrxdv x0xkrv. E6dr 0o npaner vo onyeu€ei or 4 xopn0treq UeroBoAnq rou K^oouoroq
6yxou nou xonxE eivor nro ondTopeq ono nq owiorotxeq Kounulsq Ylo ro Kloopo po(oq nou
xo4xe. Auro ogeitrerot xupioq oro yeyov6q 6fl n nurvornro rou oKouorou ltiYporoq eunp6q
ono rq gloyo eivot nepinou rerponlooto on6 ourrlv rux xouooepiotv nou ognvel flioo rnq
n qtrovo. Exr6q ono ouro 4 gloyo ognver niour rqq o4powtx4 noo6r4ro oxooorou piypcnoq
: ox6Un xot 6rov n glovo iyet elonb8ei oe olov ro golopo Kouonq, nopopdvel dKouoro
ro 25yo rng ouvolxrlq po(oq rou xouoil.tou.
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Zxiud 7.3 (a) lIito4 xdiv6pou oov ouvdprnon ne Yuvio€ orpoqaAou yto uneppdtxq
nponopeia ivouotTE pd), BiAnor4 (MBT) npoflopeio 6vouo4E @0") xot opyonoprTltivq
npoflopEid ivouo4q (1 0" )

@) Eni6paon nponopeioE Evouo4E ornv ovonruooopevn ponr1, oe
ora?epiE orpoqiE xat )oyo aipo xat oAo ra yxaQa ovotyro.
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And rnv noponcrvo neptypogrl npoKumer orr 4 Erepyooio xoUo4q pnopei vo eeopneei 6rl
onoretreiror oflo 4 610KeKprpdveq gooctq :

(i) :nNonprouoq - ivouon
(iD Apyx6 oro6ro ovonrufrlg rnq q^6voq
(iiD Aro6oon rr1 9l6yoq(iv) :Pnoruo rnq 0^6yog

Or gooetg ourdq go ovo^u6o0v oro unolotno r4q wor4roq our4q.

Ero pev(rvoxrv4rrlpo eivor nolO onUowtK6 To vo Xpoviooupe rnv xo0on oe ox6on Us ro ANf
6ro1 6ore vo ncruxouHe 14 p6yror4 Euvorq pon4. H ouvolxn ElopKeto rnq Kouonq oro
B8v<voxtvnrnpo xultoiverot perofu 30o Kot 9Oo fT (Ft tvic orpoQolou). >To oxnuo 7.3

ene{4yeiror 4 eni6poo4 Tnq nponopeioq 6vouonq ornv qvorTruooopev4 pon4. Enop6voq' 4

Bitrrrorn nponopeio dvouonq eivot exeiv4 nou 6ivet rn UeYqlurepn 6uvorn ponn (maximum
brake torque).

Ynopxouv Erogopot epnetptxoi Kov6vsq nou ouoyeri(ouv ro npogitr Tnq Kouonq Kol rnv
pdyorn ovonruoo6pav4 nison orov Kutrtv6po pe rn Yovio orpogotrou orov iyoupe 14

B6trrrorq y^wio nponopeioq. l-ro nopodatYltd 6Tov o Xpovlou6g dvouorlq sivol B6trrloroq :

(i) H p6vrorn nieon nqpornpeiror 160 paro ro ANE
(ii) To pro6 Eeiypo np6ner vo 6yet xoei nepinou 10" pero ro ANE

fl6po ono rnv KovouKn eE6fuEn rnq Ko0onq nou neplYpognKe oro noponovo, pnopei vo

nopor4p4goUv oe er6tx6g neptnr6oelq ot 60o nopoxoro runot owtxovovtx4q xouo4q :

(i) Kquon U8 XIUnnPo (nslpdKro)
(iD Enrgweroxil ourovogtre{4.

To Xrunnpo nopornpeiTot orov ro oupnteoy6vo oKouoro piyyo epnpoq ono 14 gloyo
ourovogleyei nporou vo groo8l n 0IoYo, Ue ouvanelo rnv onoropn aK^uon svapYeloq Ue

floltronlooro puepo on6 our6v rrlq xovovrxrlq Ko0onq, Kol XopoKrnplortxo yrunqpo rou
Kvnrnpo eforrioq rotv nopor4po0;levov rolowtioeov Tnq nisonq.

Enreoveroxn qurovogleEn oKouorou pivporoq pnopei vo nopor4p4oei orn YelTovlo Uioq,

BolBidoq onrvgnptorn n o.uou npoefdyowoq rpnucrToq rou Sotropou Kouonq nou dyet

unoorei unep06ppovon, xot pnopei vo o6nYnoat xor qurn oe XopoKTnploIlr(6 XIUnnPo' oxoun
xor npiv ono rov onvenptopd, n Kot pe oBnoTR UnXovR.

7-2 oeppoduvo;l|xfl r4g roio4q oroY o8v4voKu4rdpc

7-2-l gsppodwoprrig rcroordoelg rou rr4rgivou rol dKduorou FiYpsroq-

Onoo64nore or peropol6q Koroorooelq rou xopyivou Kot oKouorou I'liYforoq aivot notr0

nro notr!nloreq ono ouriq nou 6t6oox6poore orn OepUoEuvoUlKil xogoptiv ouottiv (6ovtxoi
KUr(Ior Krvnrnpo,v). H nieorl, n eeppoKpooio Kot n nuKvornro rou oepiou peroBoMowot oov
qnorileouo rrlq peroBoAnq Tou 6VKou rou eqlopou Kouonq PE rn xivnon rou ntolovlou'

Aq gsopnoouue rn oXnUortKR nopoorqon rnq aE6hEnq r4q xouorlq orov xUltvdpo rou
oxnUoroq 7.4
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ZXnUa 7.2 nilon rou Ku\iv5pou, xAoopo po(oEnou xo4xe xat xAoolto oyxou nou iyet
drontpaoet q g)oya Wa 5 6E6oXtxouE xJxAougevoE pev(uoxtvqrnpd odv ouvopno1 rrl;
yuvioe orpoqA\ou. llponopeio ivouolq 3Oo nptv AN.Z., oAo ro yxaQ avotxro, 1044 rpm,
A- 1.02
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>Trq geppoKpooieq Kot ntdoetq nou ouuBoivet n Kooon orouq gev<voKtvnrnpeq, Eivol
peohorKn n unoeeon opetrnraou 6yxou r4q (rivqq xouo4q oe oxion pc rov 6vKo rou
golopou Kouonq, nopo ro yeyov6q on ro noyoq r4q rupfli6ouq gtr6yog 6ev eivor opel4rdo.
Or ouv€nKeq nou enrKporouv oro xo1.rp6vo Kot oKouoro oipro, pnopouv r6Ts vo
npoobroproroOv on6 ro roo(0yro po(oq : vf"fl

i= Jo 
u'o' * 

J,,'" 
o'

U"-W-O f^ fl:;- = 
Jo aa' * 

J,,u" 
o'

(t.21

Or Eeixreq u xor d uno64kivouv oKouoro xor xop;.r6vo piypo owiororyo.

xor ro roo(uyro evdpyeroq :

:lT_":l: " 
nrmc in rhc cnsinc cytindcr durins

::1"-".,y": unburncd 8as (U) ro tdl of nrmc,
ourncd_gr.r to right. A danotB adiabsric burncd_Brs
co.c,,Bl. denotd thc.rnal boundary hycr in burnadgas, r/ rs wo*-transfct ratc to piston, @ is hcat.transfcr ]alc to chaJnbfi wolls.

(7.1)

Zxipd 7.4 zy4panxr\ ndpaorcton r4q, 6n6oor7E r4E g)oyoE oro 1oAolto xoioqg.
Axouoro piylta (U) oro aptorcpo rqg gAoyag, Kduuivo lriyud oro 6efia. To A uno1nkjvet
rov odto$onxo nup4vo ruv xouoatpiuv, ro BL uno64)Avet D elpptKo optoxo ruv
Kduoaepiuv. To W eivot o puepoe nopayuyie ipyou navu oro ntor6vt, ro e eivdt o
puepog percgopoE qeppor4raE ora roydparu rou ed\dltou xauo\E.

To nopoy6pevo 6pyo ror n sKluopevn gspp6Tnro 6ivowor on6 Ttq oxdoetq :

n: l,'"(r*Lr*)* c/.3)w = f"o 
av'

Fro vo npox.lp4ooupe neptoodTepo r4v ovoAuo4, onoro0wot powilo yto nq
OepUo6uvollrxiq lEtorqreq rov oepiov nptv Kor pero r4v xo0o4. Tdrorou ei6oug powdtro
ou<nTnenKov ornv evornTo 3. fto avov oKptBn unoloytop6 Tnq eeppo6uvoprxr;q xoioorooqq
T0Jv oepiov rou xutrivEpou onorreiror ivo uowilo roopponioq yro ro xouoodprq xor 6vo
powalo r6ovrxo0 piyuoroq oepiou (noyr.r;r6v4q o0oroorlq) yro ro qKouoTo odpro. flopotro
ourq xpnoruo orlor8^6ouoro pnopouv vo Ingoo0v oxopr4 xor pe r4v unogeo4 6riro orouoro
Kor Koppdvo o6pro eivol 6rogoperrro r6ouKo odplq nou ro xo86vo dyar orooepf erErxq
eoppoxr,ipnflK6Tnro :

poo: R6T5 yu: c,,oT6 * h1,t (7.4)
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po" = R,Ii, u" = c,..Ti t_ h1,.

O ouv6uoopoq rov efrotioeov 7.1 ioq 7.5 6ivel
DV,_ _ xrRc fr + (l _;jR. t,

Un-W -O -
-;- 

= x5(co.,Ts + h7.1) +(l - xrlc,.,f, + h1.")

eivor or pioeq 6eppoxpooieg Tov oKouorov xor xoyp6vov oepiorv. Or e{to6oerq 7.6 Kot7.7
pnopo0v rdpo vo luoo0v xor vo Erioouv

pv-povo+ob-txw + Q) + (rh- f )nc,."(t" - Tol
nl(y 5 - l\h 1." - h 1.e) + 0 t - y.)c p." 7")

n=*r" *Pv -:nR'i"
Rr-" nrR,x,

Ew rdpo uno6iooupe ott ro oxouoro o6pto ugiorowot toewpontx4 oupnison, Tdrs

f" _ 1'z 1"'- '"'
4 \po,/

r"=!["r"a, 
'"= 

j;f er,

cr.s)

c/.6)

F.7l

c/.8)

c/.e)

c/.10)

To o0oTnUo Tov eErodoeov 7.8, 7.9 Kor 7.10 Enrrp6nEt rov npoo6topto;.to rou nooooro0 r4q
y6poonq nou xoiyerot xor r4g pioqq €eppoxpooiog rul xoy;.t6vtl oepiutv pe poon rlq
erpuo6uvoutKdq r6ror4req rov xop;t6vtw oepiurv xo96q xot 6oop6veq rlpiq Ylo ro p, V, m,
O. EvqI oKflKo eov Eivor Woord To h", rore Unopei vo npoo6toptorei To p. To Kloouo
po<oq nou KonKE Kor n nieon orov x0ltvdpo ouoyeri(owot opgtpovoonpowo.

Ev6 q e{ior,lor1 7.9 Koeopi<et Uio Fion 0eppoKpooict Yto To Kopuivo oipto, eivot Woor6 6Tl

ouro 6EV eivor oltotol.ropgo. To piYpo nou KoiYerot vt^lpirepo orrl Etopxeto r4q xouo4q
oupnri(eror nopondpo Koe6q ro unotrotno piylto xoiyerot. Enopdvotq nopornpsiTol Uio
Bo€pioo geppoxpooioq Uioo oro KoUUdvo oipto, onou ro TUnHoro nou KonKov vopirepo
ppioxowor oe u{rnlorspn eepUoKpooio. E6ri unopyouv 60o yowilo optoK6v nEplm6oeG,v,
nou n npoyuoflxdrnro Bpioxerot perofu rov flpdv nou ouro npoBl6nouv.

(i) Mow..\o r6leroq ovopttnq
Ebri yiveror n un6g8on 6 KoeE orotxaio rou UiypcrToq nou xoiyetot ovolttyv0erot oxoptoio
Ue ro ndn xoppivo oipro (ro onoio dyouv evioro geppoxpooio). E6d ot noponovo eftotioetq
xooopi(ouv ntrr1pr^rq r4v KoTooroon rou nepreXoudvou rou xutriv6pou.

(iD Mowatro yupiq ovopfn
Onou unoriOeror orr ro orotyeio rou oapiou nou xoiyowot oe 6togopertxiq ypouxdq ortyp6q
6ev ovo;.rryv0owor xo06trou perofu roug. Enop6voq xo0e rdroto ororyeio xoltpdvou oepiou
oupnri(eror roawponrKo (Kor retrtKo exrovdveror ualo rnv Kouon) arot dxouue

?i(xi, xo) fp1xo;l'tl- t v',

rJ$ :lp('il| 
F.11)

6nou To(x'b, xJ Eivor n esppoKpooio rou oioryeiou nou KonKe ornv nieon p(x'j orov 11

nieorl eivor p(xJ Kor

hJ.,-hJ,b+ce."T'(x;) (7.12l.
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sivor n g8ppor(pooio nou npoKonrer ond Tnv roewolnrKn xouo4 rou oxo0orou oepiou oe
ouvgnKeq Tu(x'b), p(x'b).
Evo nopo6aypo rnq Kcrcrvoynq geppoKpooioq nou unoloyi(eror pe ouro ro lowdlo
goiverot oro oxnuo 7.5

4:
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Crank an8lc, dcg

Cylindcr pr.srurq mass faaclion bumcd,
tnd ga.s tcmpchturca as functions of

I, K q.nk an&lc during combusiion. l: i3
unburncd ga! tcmpclf,turc. {, is bumcd
gas rcmpcaatu.c, thc subscripts a and I
dcnotc carly_and latc burnint glr .lc-
mcnts, and 4 is thc mcan burncd gas
tcrhpcratuac. (Reprinted u,ith Wr-
mission. Copyright 1971, Aneri%n
Chenical Soci.lv.l

EXnUd 7.5

Evo ororyeio rou piy;rcnog nou Koiyerot op6ot^lq ornv opxn r4q otepyooioq Kouonq 8o
6erove, !e oflouoio woUr{rlq Koro 400 K uvnlorepn qn6 ort 6vo orotxeio nou xoiyerot nepi
To rdtroq rrlq Erepyooioq. H Uaon oeppoxpooio rou xol.tp6vou oepiou Spioxerot nto rowo
orq yop4lorep4 ono ouriq rq geppoKpqoieq.

*:1, *: rcmpcraturc! mcasurcd usiht stcc_rroJcoptc tcchniquca through window in thccylndcr hcad. a! a function of crlindcr prcssurc.
j::tlr",* .rDcd!_ur!d ctoscr lo spa;r ptutnav.]rrg[er valuas" Darhcd lir€s 3bow hdtropicp, MhZxitto 7.6
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To 6uo noponovor low6).o npooeyyi(ouv owigrorxo KqrooTooerq 6nou n XpovrKn xXpoxo
nou yopoxrqpi(er rnv rup8ri6n ovoprtn oro xo1.r1livo oipro eivor :

(i) noln prKp6Tepn on6 rn ouvolrKn dropKsto Ko0onq (vro ro Uowd}o r6lorog ovoprEnq)
(iD notru UsyoluTepn ono rn ouvo,\xr1 Eropxero Ko0onq (yro ro powdtro ytrpiq wopfa).

:To oxnHo 7.6 goivowor onorelio;roro UorpnoEov eepuoKpoordw oro Koupevo oepro nou
dyouv yiver oe nerpoporKouq xvrlrnpeq Ue Xpnon gooyc[ooKomKdv rs;grxr,rv p6oo ono
erdrxo nopoOupo ono ydo(io orqv xulv6poxegol4.

7 22 Ava\rcq dwqrodermxo0 droypdlpdros

H nieon orov K0lrv6po ;lerololleror pE Tn vovio orpogo,\ou oov qnor6treopo Uoropokiv
orov 6yKo rou Kutriv6pou Kqedrq Kol rnq Kouonq, r4q pero6oo4q 9epporrlroq oro roryrirporo
Tou 6o,\ouou Kooonq, Tnq ponq on6 Kor npoq nq Eooxaq rou golopou Kooonq, Kogdq Kol
rov Eroppotiv oepiov. To npdrro 60o gorvoyevo oivot our6 nou 6youv 14 pdytorn eni6poon.
Erot pnopoOye vo nopoule n.\4pogopieq qprrxo pe ro puOpo rouo4q ono Euvopo6errrrxo
Etoypoltporo, egooov unopyouv 1.towitro yto ro noponcM,.t gorvopevo. Tirorou eiEouq
Uowdlo 6poq 6youv nopouoroqTei oro npo4yo0yevo.

H nieon rou xu)riv6pou pnopei vo UeTpneei ye nre(oqtrexrprKo0q olognr6q nieo4q. Auro0
Tou runou or orognTdq nopraxouv 6vov Kpuoro.\o yolo(io, H pio n^€upo rou Kpuorotrou eivol
eKTaerudvn pio0, ev6q 6rogpoyporoq ornv nieon rou xu,\iv6pou. Koe6q n nieo4 oulover o
KpuoTotroq oupnr6(eror Kor nopovet dvo rltrerrprxo goprio ro onoio eivot woloyo pe r4v
efooxo0;lev4 nieon. Evoq evroxuTnq qopriou Xpnotponoteirol or4 ouvdyero ylo ;lercnp6rper
ouro ro o4;.ro oe Toon nou pnopei vo Uerpngoi Uo 6vo rto]Uoypogo 4 vo 6roysreu0si oe 6vov
uno,\oytor4 ego6roo;.rdvo pe Kopro On-line ovoxr4o4g 6e6opiwv. H tr4ry4 6uvopodelxlxurv
6roypopporov oxprBeioq onofiei Tnv rKovonoinon rov nopoKorrJ npounogioeov.(i) Arpt8n 9o9Uov6unon xpuorotrou oe nieon ovogopoq(iD AKpi8ero Ko^0repn on6 0.2o oTo ypovropo rourdypovnq MVnq rnq yovioq orpogolou

(64,\. oxpipero orov owonropo rou AN.I)
(iiD Axprlrlq eKTipnon rou vexpou oyxou
(iv) Enopxrlq q0[4 rou Kpuorolou yro r4v eAoyoronoinon Tov OeppoKpooroxriv rou

6rqxuuovoeov.

(a) Prcssurc-volumc diagrami tbl tot p-tog(V/f-J plot l5O rcvlmi4 MBT rimiD& imcp _ jl3 tpaC - 0.8, t = 8.72, propan€ fucl.

_ 2m) ld
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Fracrior of maximrm blumc

(a)

o.4 0.6 0.8 1.0
Fr.ction of rurimrrI wtumc

(b)

Ft
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ZXnLto 7.7 Ene€spyooio 6uvopo5exnxoi 6toypapporog
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H noror4ro rov 6uvqloEetrrrxdv Eroypopporov pnopei vo ele;€ei UE rnv Uerorponrl rouq
oE loyqprgprxo 6roypoppcro nieoqq 6yxou. (:Xnpo 7.4

Iro droypoplro logp-logV 4 drepyooio oupnieo4q eivor pio euoeio ypoupn Ue K^ion 1.9 H
opxn rnq Ko0orlq Unopei vo ewontogei oro onpDio flou n ougeio opxi4st vo xopnu,kjver, eui
Usro ro rd oq r4q xooorlq 4 KoUnoIn tovoyiverot euoeio pe Klion 1.git nou noptorov8t rrlv
eKT6voon. Arovpouporo 6noq ouro rou omuarog 7.7 pnopoov vq Xpnotuonolneoov yto rov
Koeoprou6 Tnq opxnq ror rou r6loq r4q xo0oqq, ol\o o npoo6roproyoq r4g ypouunq
Kouonq cnorei nopon6po enelepyooio.

E66 eo 6o0pe rnv onlouorepn rqgrr4 npoobroptouo0 rnq ypoupRq Kooonq Ue Boon ro
6uvo;ro6ernxd 6roypo1.ryo. H poroBoln nioonq nou poTpope os 6vo 6roor4po yurvioq,
orpogolou A€, pnol8i vo geopnesi orr onoretreiror on6 pio poroBoln eforrioq rnq xoooqq
Kor pio peroBoln eforrioq rnq peroBo^nq oyxou rou €otrouou xouo4q :

Ap =Ap +Ay" v.12)

Or flrdo8lq Kor or oyKor ornv opxn xot ro rdloq rou 6roorqyoroq AO pe onouoio xouo4q
ouv66owor Ue rn ox6on :

Fr4" = pi4"
enoU6\&rq

Pu = pj - pt = ?, [(#)\ tJ c/.13).J _ . - u\yJ, J
Yno06rowoq oTr n !o<o yotJoonq nou xoiyeror oro 6roorqpo Ae eivqt ovoloyq pe r4v
o0f4o4 nieo4q loyr,r xo0o4q (pe loon r4v xoroor<rrxq e{ioroo4 rolv oepiorv) To Ktrooyo
po(oq nou xo4xe oro rdtroq rou 6tqgiporos i oiv8rot ono rrlv oy6o4 :

fr bct> Zl ar.
kF"m; mrrv'rvioq orpoeo^ou rou unoroyropo'l

v.14)
6nou N sivor o ouvofr*6( op-r6poq 6i-ro6rry.rti

6m

^i 4q)

25m rcvhio
0.7 altn

Resuhs of hc.t-rclcesc analysis showing
thc cfccts of hcat transfcr, cacviocs. and
combustion incmcicnc'.

-2n
-50 0 y)

Dcgrccs ATC

Zxiuo 7.8
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O ouv6uoopoq rov e{rodoeov 7.12, 7.13 Kat 7 .14 entrp6net Tov unoloYtopd Tnq Ypoppnq
Ko0onq, UE Boon rq nopoKcnu, onAortornTlKaq nopo6oxdq :

(D H pero6oo4 9epporrlroq npoq rq tor1;Uqro 66v unotroyi<sror eu06!,q o^ o
oupnepAopgovoror orov nolurponrxo EKgiTn n.

(iD H ouEnon flieong eforrioq rrlq xooo4q unorioeror oroloy4 pe rq p6(o yol.tttonq nou
Koiyerqr svd oTnv npoypcrrxorrlro €o np6ner vo unoloyrorei ps Boon rrlv exluopevrl
XnUrKn evapyero.

(iii) O noluTponrKdq sK€,Tnq 6ev nopopdvet oroeepoq ornv EropKeto rqq xouonq.
Avs{opr4ro ond ouT6 ro onorileopo rnq nopono\&, pe€o6oAoyioq ovoluo4q rou
6uvopo6erxrrxo0 6toypog.tporoq e{oprorot oe o4povrtxo 9o€p6 ono r4v anttroyrl rou
n.

AxprBdorepn woluo4 6uvopo6etxrtxo0 6toypoltUqroq pnopei vq yivet p6vo oro nloioto evoq
otroxlrlpurlrivou Uowdlou Tou K0KAou (:yapo 7.8).

72-3 Oqtvop8aoloyro ;rowilo xooo4g

Onolq n6n €o 6yere nopor4p4oer ro npogil rnq Uo<og xouoipou nou KonKe ocrv ouvoprnon
rnq yovioq orpogolou oe Kdgs K[iKIo dxouv Uio XopoKrnprortxn Uopgn S. Onoq goiverol
oro oxnuo 9.13 n ypopun Ko0onq pnopsi vo yt,tptorei oE Tpoiq flsproxdq yovioq orpog6trou:

0 l-r,rvio wonruf4q rnq gloyoq (0-10% Kopptvn po(q)
0D forvio roxeioq Ko0onq (10-90% roup6vrl po(o)
(iiD fr,wio peiolo4q roXUTnToq xot noydporoq r4q xo0o4q.

Ynopxer pio 6rn^n eroerrxn ouvoprnon 11 onoio nopover oKplBdq ouro ro oxnuo Ylo rn
vpoppn xouonq Kor Urropei vo npoooppoorei 6ore vo npooevYi<ot 6togopouq r0nouq
Kouonq pE Kqrol,Uln enrloyn 6uo nopop'rglv. flpoxelrot ylo rq ouvopr4on Wiebe :

r,=r-exp[-(T')".'] 0.15)

Definition of Ram.-devclopmcnt anglc, AoJ, and
rapid-burning anglc ddr, on mass fraclion burncd
vcrsus crank anglc cuavc.

Zxnpo 7.9

H ouvopr4o4 Wiebe XpnoruoneiTor supa0iq oe 6eppo6uvo1.[Ko Uowatro rou K0KIou
Bav4rvoKrvnrnpov Kor nerpEAoroxrvqr4purv.
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7-g AoIn rar raxur4rq r4q ?l6yog

7-3-l n8rpopcrnriq nopcr4pioerq

H 6repyooio Kouonq oro 0ev(rvoxrvnrnpo louBovet lipo oe 6vo potKo nedio uvntrnq
rup9nq, nou E4;rroupyeirqt orn 6ropxero rou EUSo^|opo0 etooyoy4q. H Korov6non rnq
6opnq rnq gtroyoq Ko0dq ouTn efeAioeror fexrvrirwoq ono rov ontv€4po rou pnou(i, xoOtiq
xor n erripnon rnq roxurnroq 6to6oo4q r4q gloyog oro Oolo;.to KoUonq xot rou noq ourrl
enqpeo(eror qno Tn pon Tnq v6poonq, rn ouoroon rnq Kot rn YeoUETpid rou eoloUou
rouonq, 6xouv U8voln onpooio vrq Belrloronoino4 rou oye6toopou Tou oolopou xouo4q.

Crank angle, degrces from ignition

Lascr shadowgraph photographs of cnginc combustion proccss laken in singlc-cylinder engine with
transparen( cylindcr hcad. From top to boltom: sidc plug without swirl; side plug with normal swirl;
sidc plug wilh hiSh swirl; crntral plug without ss,irl; rwo phrgs without swirl.

Zxilrd 7.10
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Onoq goiveror oro oyn|.to 7.10 oxe66v oE oIEq rtq yeoperpieq xtvnrnpo,tv n g^oYo
ovomUooeror ogorprxo {exrvtiwoq ono ro o4;reio rou onv€npo ;tiypr nou vo ouvwrnoet
ro rorydrporo rou gotropou Ko0onq. Movo oe neptmdoetq pE oouvngloro UeYolo
orpoBrtr|op6 Tnq v6u0ronq xor oepo6uvolrKn oTogeponoinon rnq eloyoq oTn oaon rou
onrvo4pror4, pnopei vo nopornpngei onpowrKn nopol.ropgr.ro4 Tnq gtroyoq ono pon.

O puopoq xo0o4g rou yiyyoroq e{oproror oe onuowrKo BoSUo on6 nq oTpog6q rou
xrvnrnpo, onog goiveror oro oxnpo 7.11

Q

60

20 Effcct of afl8inc apacd or| flucdcvcloPmcnl
anSlc (0 to l0 Frcent burncd) and ov.rall

buming anglc (0 lo 90 patccnt bumcd). d = lO.

intakc prBsurc 0.54 at8, spark 30' BTC.
t(m 20m l(m 4{m

Enginc spocd. rsvhin

ZXnUo 7.11

7-32 AoFnmq lloyaC

Ot orpurr6q gl6yeq oe npocrvopegerypivo piyporo Kouoiltou o6po xor nopop6vowoq
rouooepiou yopoxrrlpi(owor ono pio roxuTnrq 6la6oonq t Kot avo noyoq gloyoq 6.

O nro ouvrlgropavoq rponoq vro rov oprou6 Tou noxouq rnq glovoq eivor 4 nopoxor.r
oxdon:

D,
6, = ---:'s,

Ot rup9ri6nq gtrovgq XopoKrnpi(owor ono 14 pi(o r4q p6o4q npnq rnq 6rox0povoqq rou
Terpoydvou rnq roxuTnroq, rnv 6woon Tnq r0ppnq xor rrq 6logopeg xtripoxeq r4q
TUpB66ouq po4q pnpooro ono rn glovo. Ynopx€t 6vo optBpoq ono obroorcreq
nopoudrpouq nou Xpnorponoro0wor yro rov XopoKrnptopo yioq TUpB66ouq glovoq
npoovoprf4q, onulq eivor o oprolioq Reynolds rnq r0p8nq.

Mnopo0ye enio4q vo opioouue pio ypovrrfl oToespo yto rnv nopoyL,yil pioq 6ivqq :

tr:!
u

Evoq yopoxrrlprorrxoq ypovoq Vto Tnv XnptKn owidpoorl eivot o Xpovoq nopopovrlq or4
orpoTn g^ovo :

t'=s"

To nntriKo rov 60o npoovoqepgdwrJv XopoKTnpro Kdv XpovuJV 6iver 6vov qpteud Damkoehler

ae,=!!t
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O oprOyoq ourdq €ivor 6vo owiorpogo parpo rnq eni6poo4q r4q rupftirEouq ponq olq
drepyooieq yqprxriv owr6pooeov nou ou!9oivouv p6oo orrl gtroyo.

Ot 6togopeq neptmdoelq rupBt t&iv gloydv Qoivowor orrl ypogrx4 nopooroon Tou op€Uou
Damkoehler ouvoprno8r rou op|epou Reynolds rnq rUpgnq oro oxnuo 7.12

Ditrercnt turbulcnt flamc rcgim6 oD plol of
Dsmttthlcr numtrcr vcrsus turbulcncc Rcynolds

ttumbcr, 
'r' 

ii turbulcn€ intcmity; Sr i3 lemrnar

flrm. spccd; lr, lr, rnd f" arc intcgral scalq Kol-
ld ld ld .ogo.o" scaic, and laminar flamc thickncss.

Tu.bulcnt Rlyool& numb.r Rcr

Zxnpd 7.12

7-3-3 Taxrirfieg 6d6oo4q orporng tl6ydg
lTo oxnpq 7.13 nogouoto<owot roxuTnreq 6ro6oo4q orpornq gloyoq drogopurv Kouoilu,v
oclv ouvctprnon rou owiorpogou l6you oapo oe KovouKaq ouvgnKeq OeppoKpooioq Kol
nieonC.

rd

lo:

I

.E

a
I

l5

U"rf,u*t t r, /1
7f
/ //^\

0.6 0.8 :.0 t.2 r.l r.o

Laminar buming vclocity for scveral fucls as func_
tion of equivalencc ratio, at 1 atm and l0O K.
Lincs arc lcasFsquarcs polynomial lits to
data.

ZXiUd 7.13

Fucl/air cquivrt€nce ralio I
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H roxUTnro 6rq6oonq orpor4q gloyoq eivot nol0 yoporr4ptortKn tEtornro evoq xouoil'tou

Uiyporoq. flpoxetror yto r4v royur4ro xiv4o4q rou oxouorou piypcroq Kogero oro UCTono
rrtq gloyoq, os ouvgnKeq orpornq ponq. Maprxdg lemopdpeteq oyertxo 1.tE 6oUn Tnq gloYoq

BonooUv oTrlv Korovonon ouro0 rou yeyiooug. Mio gI6Yo eivot ro onor6leopo pioq
euoroeouq XnprKng owi6pooqq n onoio ouuBoiv€t paoo oo pio neptoyn Tou Xdrpou nou
xo,\eiror UiTono rnq gtoyoq, Kot ornv onoio ro oKouoro Uiyyo geppoiverot xot perorpdnerot
oe npor6wd i4q xo0onq. To pirono rqq xouo4q qnorolsiTot ono 600 neproy6q :

(i) Mio neprom npoe6ppovonq Kol
(iD Mio neptoy4 ovri6pooqq.

Irrlv neproy4 npooipuqvonq rou oKouorou piyporoq oufwet Kupioq p8 eepptKn oYoYn 0I|6
rnv 46vn owi6poorlq. Aev nopor4peiror orlpwrrxrl Xnprxn owi6poon Kol n 8o0pi6o
oepporpooioq orpdget ro xoilo npoq ro ncMJ. Mo.hq grooet pio xpiotprl geppoxpooio

opxi4er n eEdeeppn y4;Ix4 owi6poon. H Exluon XnprKnq evipvetoq Ue Uopen oeppor4roq
6xer oov onoritreopo rnv Unoptn Uioq 46vnq onou n Bogpi6o 9eppoxpooioq orpdgel ro
Koitro flpoq ro Koro.

To noxoq rnq (drvnq npoOEppovonq ror r4q (6v4q owi6poo4q Unopo0v vo unoloytorouv
yro lrovo6roororeq gloyeq Ue Boon roo(Oyro pd(oq xot svapYeloq. To noyoq rnq (dvnq
npo€6ppovonq 6ivarot on6 rn oxaon :

dr., pr, :
Eo p"St F.1n

Or nopoyoweq nou en4peo(ouv r4v roy0r4ro xoOo4q piog orpornq gloyoq oE dvo
ouyxexpry6vo oro.loro ;riypo eivol ot BoOUi6eq Oepporpooioq xot ouyxewpdosov orn
gloyo Kol orn yslrovto r4q, xoOtig xor ot Oeppo6uvoprxdg r6torrlreq Kol ol ouwelsoraq
6royuo4q rou piyporog.

4.6k

o9i6aq, onou
rnq o9i6oq. H

F.18)
Onou o puepoq rouo4q npoo6topi(eror oro ro pugg6 o0Enonq rrlq nieong ornv oBi6o xot
Ar oivor n €nrgcrv8ro rrlq gloyoq. qorioq rou ptrpoo noyoug r4q gloyog ortq ouvonKeq
xir0onq rnq pnxovnq (0.2 mm nepinou ps Tn ox6on 7.171 oe ouyxpto4 pe rtq
XopqKTnprorK,q 6roorooetq r4q opi6oq, n QIoYo Unopei vo geopneei opel4r6o.

H eni6poo4 rou troyou o6po or4v roy0Tnro Kouonq pe orpurrrl po4 nou goiverot oro oxnpo
7.13 yro 6togopeq ouoieq pnopei vo unotroytorei xot yto 6togoperlKo enine6o eeppol(pooldv
Kor nreoeov He Foon rn oxdon :

Or roxurnreq rooo4q oe orporn po4 perptilwot ouvneoq oe ogolplKdq
Koroypoeeror n 6ro6oon pioq oTpornq gAoyoq qKTMlKo ono To Kdwpo
TqXtTnTo xo0orlq EivETot r6Te on6 rn ox6onr 

, , _ dnhJdt
- At P"

/r\"/ "\ot" = t''"(i,)(^'/
(7.1e)

rqq onoioq or oroeepdq yto flpoflovto, toooKTovto Kot pseovotrn Eivowot on6 rtq oy6oetq :

a:2.t8-0.8(d-l)
P:-0.t6+0.22(0-D

Sr,o:8,+Br(Q-6^)'1
(7.2o)
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onou gm eivot o owiorpogoq troyoq odpo orov onoio ro S, n peyroronoreiror Kot noipver rnv
rrp4 B- (or rrp6q rov orogopdv goivowot orov nopoKqroaivoxo)

Noflld conborlloo

A combostion proccre which is initirtcd
solcly by I tior€d sF i rd in *hich th.
flr'm faont ntovlr complclcly lcross ihc
combonion chxrbcr in I unifom rrrnrE at
r nonnd tEloci.y.

&rmblc

A lotr-pitchcd rhuddin8
norsc accornprnicd by
€ngrnc roughn.ss. Probably
causd by thc high rares of
pressurc ris. associarcd wirh
wry carly iSnidon or
muhiplc surfacc ignirion.

.,(z{rl: Th. troiic acaociatcd pith auloiSoition of a ponion of rft€ fu€l-air mixrure ahcad of thc advancing f&mc fronr.
Autoigrition is lll. spootrn ons itnition .d thc .csultinS Ery ripid rclction of a portion or .ll of rhc fti.l-aar miitur..

Dafinition of combustion phcnomcna-normal and abnormal (knock and surfacc ignitionFin a
sparl-iSnition cnginc. (Courtesy Coordinoting Reseatch CoutEiI-')

Abno.rd .or|lbrlnfoo

A combusrion proc.$ in which r ll&nc
fronr ruy bc g|.ied by ho( combostioD-

chrmbcr sorfacr3 cithct prior lo or ticr
sFrt ignition. or r pro.ts! it| *hich 3ofm

Fn or rll of thc chsrgc truy bc consurEd
.r .xrcoEly high mt€s.

SF.n fEf'
A lDoct which is ll.trrcnt .nd EF.tablc
in t .r|! of.rdibilily. lt k controll.blc by
lhc aF t rdv'ncc: idv&cio8 thc spsrk
irr|t.!c! thc krut irtcrBiry ard .d.rding
tlE !F.rt rldrE drc idaBiay.

Surfac. lSnltbn
Loa .poar-cmbodood||lrb.r d.?oCa.

Sorftcc i8nilioo is ignitioo of thc frr€l'air
ch.rge by nry hoa 6urfa.,c olt r lhln thc
sp.rk disch&gc prior ro thc drrivsl of thc
nomd f.Itr fronl. lt r|.y occur bcforr thc
sF f ignitc! drc chrrg€ ( pnitnitiont or
rft.r mrmal ignition (po,rtiaruiion).

tun-on

Continusrion of cngine 6ring
rfrcr thc clccirical ignition is
shut otrKffiUrE. surfE hnltlon

Knock *hich ha3 b€rn
prcccd€d by surfacc
ignirion. lt is oot controlla-
blc by spark rdvancc.

Nor*Dcljll8 r!rf&.
hnitlon

Surtacc iSnilion *hich doat
nor rcsuh in knock.RunN.y surfrc. ignlrlo

Surfac€ ignnion which
occurs €lrlicr and €srli€r in
lhc cFlc. h can lead to
s.rious ovlrhcaling and
shlc&rlj damrSc to thc
coginc.Wild ting

Knocking surface ignirion
characicrizld by or€ or
morc crratic shrp crscks. Il
is prob.bly thc r6ult ot
drly surfac€ ignitid from
dcposit prniclcs.

Zxnpo 7.14
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7-1 Kr0r4po rqrd rnv rodoq

Ero oxnpo 7.14 neprypogowot owonrrxo ro 6rogopo goMduevo KovouKnq xor pq xwovrx4q
Kouonq oe dvw Pev(voxv4rr1po.

7.5 Eri6poon rou rouoilou - oprol6q orrwiou

H roo4 yro rrtnrlpo e{oproror on6 oplop6vo yoporr4prorrxo oye6roo;.ro0 xor Aerro0pyioq
rou Ktvntnpo ro onoio en4peo(ouv rn geppoKpooio rou rprlporoq rou piyporoq nou Koiyerol
Te,\€uroio, rrlv nieo4 rou, Kogdq Kqt rov X)ovo nou our6q or 6uo peroplnriq 6ror4poUv
u$,n^6q flUiq npiv on6 rqv ogrf4 r4q gtroyog. Opr,rq ro rron4yo eivor 6vo gorvofevo ro onoio
en4peo(eror xor ono rnv ouoroon rou xouoiyou t(ot n opQovton 4 6y rou Kronnpqroq
efoproror rupioq ono Trq owtKpolKiq r6r6rrlreq rou xouoil.rou. H roo4 rov 6log6pr,rv
xorqyoprrirv u6povovovgpoKr.rv yro rr0n4po ouoyeri(sror ps rn UoptoKn 6opi1 rouq 6noq
goiveror oro oxnuo 7. 15

Nomb€r of carbon atoms

Zy41ta 7.15 Eni6pao4 poptoxrlg 6op4g orqv rcton yE Krunryta

Crilical comprcssion ratio (for incipicnt knock at 6m rcv/min and 450 K coolant tcmpcraturc) as a

function of numbcr of carbon alom! in hyr'rocarbon moleculc, illustrating the cffcc|s of changca in
mofecular structurc. (Deueloped frotn LaoelL t
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To Ko0orpo nou Xpnolpoflorouwot ornv Kouon Eivor 1tiypcTo p8v6 ou op€po0
uEpoywav€poxr.rv otrov rov xor4yoprdrv : olKouo (nopogiveQ, KeKopeopdvo KUKfuKo
(voggdvro), olxivto (olegiw$ xor opoporrxo. flpogovd4 onorreiror dvo npoxrrxo pirpo rqq
qwioroong oro KTonnUo. Aur4 4 r6r6rrlro npoooropi(eror on6 Tov opteud oKroviou rou
KouoiUou. O opr€p6q outoq KogopiEar ro ov evo Ko0otpo eo rrunnoer oe pio ouvKeKptU6vn
pnxovn oe ouyKoKprp,vo oqpeio trenoupyioq. Ooo urpflorepoq o optepoq oKToviou rooo
UevoluTspn n owioroon oro Krunnpo. O oprouoq oKrcrviou 6ev eivor Uovoonpcrwn
nooornro, oMo pnopei vo norxiler oe o4powrxo Bo0lro ovoloyo Ue ro oxebtoopo rnq
Unxqvnq, Trq ou!€nK8q lenoupyioq or4 6lopxero r4q 6oxrp4q, lq xorprx6q ouv€4xeq xcno
r4v 6orryq, r4v xcrooroo4 Tou KMnTnpo qn6 onovn goopoq xor rov r0no lo6to0 Kol
Kouoipou nou Xpnorponord€4xw npo4youydvoq.

H KliUoKo oprgyou oxroviou Eooi(eror oe 60o u6poyovo!€poxsq nou xo€opi(ouv ro 0 xor
To 100 Tng: To KovouK6 onrovro Kot To toooKrovto. O op€poq orroviou evoq xouoil.tou
npoo6ropi(eror ono r4v neprerrrxornro oe toooKrcwro evoq piyporoq xovovrxou enrqviou xor
roooxroviou nou 6yer rrlv i6ro roo4 yto KTUnnUo UE ro npoq 6oxl1.t4 xo0orpo oe pio nporun4
Hnxovn.

Ot nro yvooraq Udeo6or piTpnonq opr0porl oKroviou eivor n RON (ASTM D-2699) xor 11 MON
(ASTM D-2700) nou yivowor ye 6vw np6Tuno povoK0hv6po Kvnrnpo, pe rrq nopoxorur
npo6roypogdq :

Operating conditions for rescorch and motor mcahods

Rcrcertf, nctf,od Motor mcthod

lnlet tcmpa.aturc
Inlet prcssure

Humidity
Coolant tdnFraturc
Enginc spccd
Spark advan@

Air/fucl ratio

52'C (125.F) r49.C (3m.F)
Almosphcric

0.m3H.00?2 k&&g dry ri.
100"c (212.F)

6m rcv/min 900 r.v/min
13" BTC 19_26. BTC
(conslanl) (varic! with

compr6sion ratio)
Adjustcd fo. maximurn knock

Or ouvO4xeq trerroupyioq rou xv4rfipo eivot nto oKAnp6q or4 pd0o6o MON.
H oprgpnTrKR drogopo perofu rov oproudv oKroviou RON xor MON ovopo<Erol Euotoonoio
rou xouoilrou.

Fuel sensitivity : RON - MON (7.21)

H euorog4oio rou xouoilrou etoprorol ono ro opyo nerpdloro nou npo4poe xo06q xor ono
rrq 6repyooieq nopoylrynq rou oro 6rutrror11pro. Ener6rl or rrpiq RON xor MON nou pirpdwor
ornv np6Tu[n UnXovR 6EV npoptrinouv nowo Kola To noq go oupneprgep0ei ro xo0orpo oe
6vo ouroKivnro oro 6pdUo, noMdq gopdq unoloyi<ETor rivoq oprepoq. oKTcrviou dpofou

Road ON = a (RON) + b (MON) + c

6nou To a,b,c sivot oroeepdq nou npoodropi(owot netpoportKo (a=b=0.5, o0pgr,rvo pe
npoogoreq !s^6Teq).
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:Trq HnA Xpnorponoreiror ouvneoq n pdon nun r0Jv 6uo optgudv oKroviou

RON + MON
v.221Antiknock indcx =

:To oxnpo 7. 16 Qoivrror n sni6poon rnq nepleKnl(6rnToq owtKponKo0 orov optgUo oxrwiou
Tnq Bev<ivnq Super ;re yoluP6o.

8 Pb Fr U.S. grllon
t23z

z

;
e

o,2 0.4 0.6 0.8 1.0 1.2

t Pb F. titcr

Gssolinc octanc numbar incrcasc rasulting from
usc of antiknocl addilivc t.traclhyl lcad. Vsrica
vitt fucl clmpositio!: avcragc valucs shown.

Zxipd 7.to

ot onorr4oerq 6rcrpKeroq <ulnq rov rpro6rKdrv Kcno.\uTr(6v uerorpondov dyouv o64ynoer ornv
owrKoToorcron r4q pev(iv4q super ono ouoluFon, onore n efoogolo4 Tou onorrouuevou
oprepoU orrwiou enlruyyoveror pe Xpnon urp4lorapou nooooroU opopoflKdv
u_6poyovqv6poKr,rv, oMo xor o{uyovo0;1r,.rv evooeov onorq 4-ye6ovol4, n or€ovo.\n,'ro TBA
(C4HeOH) xor MTBE.
ot owrxporrxdq Kor otrIeq r6rorqreq rov o{uyovo0yr.lv Evdoeurv ooivowot orov nopoxorul
nivoxo:

Oxyg€mte proDeraies

Mertrnol

Typical (R + My2 blcnding veluc
watghl PCrCCnl otvtcn
Stoichiomctric (,{/t
Spccific g.avily
Lowcr hcaling valuc, MJAr
Lar€nr heat of vaFlorizarbnl Mf4g
|'o tng lempcraturq "C

lt2
){'
6.5

o.796
200
Ll6

65

0
35
9.0
0.794

26.8

0.84
78

t05
It
|.7
o.746

o34
55

t7-93
0

14.5

0.74
44.0

0.35
21-227

98
22
u.2
0.791

0.57
E3

TBA I.(i.ry buryl alcrhot: MTBE rncrhyj rcrirry ourl atcr.
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