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ABSTRACT

This work iy conceiped with modellimg and experimenisl walidstion of igrbuleni Mlame
propagution in sperk igniven cngines. An exisling engine cysle modcl, developed in Leeds
for magle chamber apark igrilion éngines, hey been modified in order 1o obuain more
roplistie model predictions The mest gnificam improvemeni invelved the incorporation of

& sub-model for blowby and pisten top land erevice Mow,

To oplimise and ihen verily Ui modified medel prediciieas, the medel was imisially applied
1o dowa derived [from wxperimenis wsing am opiically sccessed Lwo siroks spork (gnition
enging, The modified model was eplimized an cngine cycle ol the ronanipg cendilions
compreasion imtie B Y, equivelence raie 1.0, engine tpeed 1100 rpm end (nlske manifold
prassure of O B3 bar. Therealler, (o predictive performance was verified for other cycles m
waried eagine eperating condilions
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Tae inclusion of the hlowby routine was thown 1o greaily improve the predictions of the
madel, campared with (he expernmenisl data, lncluvion af hiowby is puriculsrly imporiam
a2 madelling poried twe -itreke engines, dug 10 the isefliciency of the pisien rings carly 1n
the compression stroke.

KEY WORDS
51 engine cycle model, tarbulenl sombustion o spark ipnitien engines.

L INTRODUCTION

The wew sad chengeng fequisements of spark igaition enginen have grewtly incremsed ihe
complexity of enginecning enging design i@ give aptimum operating charssieriniia within the
limitstsons of emissvions and fuel economy standards ond Medl aetata bevels,

The impravements m svailoble computing Maeilitien in regent yeurs have greaily indieated
the mporiance and capebulitics of englne eyele simulation modely, Thene modeln pravide un
impeciapt sid 1o improviag eagine design They jeduce the exienl ol the experimental
development studies necessary, sweh yiudies require sephislicated equipmenl wsnd
coniiderable capeare. They slie pravide s good upproach o underslunding of the complex
evesty teae occur dering The eagine cysic, In an engine cycle model, the combuniien precess
iy the moy imporiani presess (0 be modelled 10 08w (i process et ihe fuel is burned, Lhe
snging power i developed snd polluiants sre produced.

The objective of the work devcnibed in ihin  paper wan (o tlady the combusilon in spard
igmitign cogunes ihraagh (he madelling of the turbulenl Name propegaiion process

2. CHARACTERISTICS OF FLAME PROPAGATION IN 5.1.Es.

in apack gnitiea esgines, immedistcly Toliowing the spark there it & period dunag which
wery lintle heat release due te combustion i obyerved (1, 1, 3] Fellewing this period Mame
prepagation frem ibe inidisl spark igeited Name kersel procceds ihrough the unburued
charge in the combusticn shamber.

Flame it dafimed s = rapid, sell-susiniming, chemical resciien scewrnng 0 0 diserele
resciien some [4] The wpeed by whick ibe restlion zome moves relalive 1o uBburned gas
shead ithe [ame froni o0 ksewn as ihe burning »elecity. In gquiesceni mixtare, the resciren
teae thickeens is thin, the Name yusface is 3meolh, and flame propagation 15 lnmjoar, Wien
the comburntible mixture s terbulesi, (ha fesclion rone bocomes thicker bak lamiosr case,
the Neme fresi 1 me longer smoeth wad ihe burning welocily becomes soveral timpcs ite
equivalent laminas walue, depending an [he inlensiny of isrbulesce

The laminar barping velocity is determined by the chemical and thermodynamic properties of
the susiare Laminsr burming velocity dais has normally bern gencrated (Tom experinienls
tondieied in conitanl volime bombi e oa Dumera [§F - §] Sech dae wie oocly sl che
feqaited engine pressores snd lempersigres, il is metedsars 1o sdopt exirspelotions unng
relstiosahips sech s those presested in references (6] and [7]

The tarbulenl barming velocity s spark ignition engines i3 gemernlly caleaiated uslng one of
maay availsble corrtlatioas [2, 3-10) The commos spprosch bohind these correlations is 10
isolete ihe cffects of lurbulence from those of mixture comporiiion snd lemperature by
correlating the ratie of turbuleni-to-lamiasr berming velocily with lurbulence inlensiny
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Most of these correlstions hawe been derived from experimental medsurcments in burners
and convlapl volume bemba. in which the leagih wcales weie larger than n <ugines,
Nevertheless it in usually considered thet such correlstions are applicable 1o engines [11],

A number ol |he carrelalions available [for ihe iurbulesi burning velecity) in literature have
been previously incorporstcd nle the Leeds engine modecl by Hynes [11]. However the
preliminary assessment for the useluleess of these correlations for ihe model, revealed
preferced correlniions ore those of Bradley snd his co-workers [10], sincc they incorporite
Mame sirsining effecis and the "effective” r.m 1. turbaleat velocity for developing turbulent
flames. These workers have demonstrated ihe dependence of ihe terbulent burning velociiy
en ihe dimensionless Karlovitz Mame sireich factor, K, and the Lewis pumber. L, The laiier
tepresents the reiie ol lransport coelficients for enorgy snd mass apd s given by K/C_ D (k
is the thermal conductivity, C, it he consIAl pressure specific hest and O is 1he dirfusion
coefficient of ihe deficrent resclants) The parameter K mey be regarded as a ratio of
chemical 1o eddy liferime and is defined by (u/ ) ( &/ w;). 1t wes readily shown |10 thai,
for wairopic tarbulcnce

K =057 Il"-'l.l' "-IJ — — e T e {in

in which R, i8 the turbulens Reynolds number and is gives by 'L/ U (u s the kinemalic
viseaalty).

Shown in Fig. 1, 15 the relstionship beiween u /o) and o' fo, suggesicd by the Leeds turbulent
burning velocily cacrelntions. The full line curves show the effect of Mame sirsining in terms
of Katlevirz streich factor, The values of {R,/L.Y) are represenied by the chuin dotied
cusves. The nfluence of loagth scaic has been incorporaied im R, which represcais &
dimensionicss mesn eddy lifeiime. The values of all parameters relbie io the unbsrocd gas
shead of the Mame froni,

The propagasion of s fully csiablished rurbulenl Mame will be influenced by the Fuil
spectrum of the lurbulence, However, sn explosion in & gaseous medium of iselropic
tarbuience thai initiates from & point ignition source 18 Mrsy affected only by the highem
frequencies of turbulenl spectrum. As the Mame grows, progressively, inereasingly lower
frequencies become inMeeatial For an elepsed time from Mame inilislion of 1, the r. .3
turbulent velocity effective in imfleencing Mame propagation, 4’y , i given by:

fu' ) - ‘Li{ii dF U U RO SRS |

where, 8 (F) 10 dimensioniess power speciral density fuaction given by

BR)=SIN Y s, e

The dimentionless power specirum 5 (1) based on Inver dappler sncmomelry mepsyrements
in Leeds, in set owl in Fig 3[3). In Eq. ), the dimensionless frequency F = 1, and ibe
infinite frequency i 3ssociated with rere time Resulls of niegrating Eq 2 are showa un
Fig. 2(b), while valwes of @', /u’ is plotied againsi |he dimensionless time 1, /1 {12)
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3. ENGINE CYCLE I“_II.'IIL

The University of Leeds Depariment of Mechanical Engineering has & longsizanding interest
in spark igaition cogine modelling [10.03.14] A ihermodynamic cycle model has beea
developed for single chamber engine. This model was inilially based on the air-standard Oua
cycle, on the premise of thermodynamical equilibrium of the combusiion prodecis. The model
was initially used [i1}] 1o demonsiraie the higher thermal efMiciencies obimmcd by lean
burning and to show thal bigher compression ratigs could be wacd 19 compenssic for ihe
lowgr power output sssociated with burning lean mixturey, Later the program was modilied
[14] so that it could simulate power modulstees by throttling st & continat cquivalence ralia.
Further extensive modificatiany 1o the program were then made [11] 10 allow the combustion
tate i be expressed as & function of turbuleat burning velocily sad wall heat transfer efTects
ware incotporaicd, A lull deyeription of the Leeds simulation model is given :n Relerence
[11]. To sssist understanding of ihe present paper. & briel ouiling of the combusiion process
in the Leeds ¢ngine cycle model is included below.

3.1 Combusilon Process

In the model o was astumed that, during the combusiion process, \he working Nuid is
compoted of o mixture of combustion producis of "frozen” combusiion andlor fresh reacionis
This comprised twe distinet regions in the chamber, one of freah resetanis (including uny
retidunl goves from o previous eycle) and the athar af eambustion producis, separoied by a
thick reaclion zone (Mame fromi). The iwe regions exisled ot identical pressure but ol
different lemperature, oo heat iranafer was allowed belween the iwe regions, The
combutiion process in the model was divided into iwe periods: ignilion and combustion

The ignition procels was considered te be imilinted by spark
Following the spark, s spherical kernel of diameter equal 1o the Taylor microseale (1) was
sssumed lo ignile &l s ccnter, and 10 burn &t & rate given by the laminer burning veloclly
{-ij. The Lime required to burn sach & keracl was caleuinied uning the following equation
[151.

LA LB A e P L 14)

C,, 5 an engine consizmi, L was takes as 0 | times the cylinder hasght and & was found from
(8 relation given by Tayler [16]

AT mAwl N e w e ot b IR - |
where, | is the laminar fTame thickness aad L s the Teylor micrescale.

Fellowing bursing ihe kermel of radies {L). thc program comsidered an expansion of the
burned charge and compression of (ke unbusned charge. Heal transfer rate from the snburned
ctharge during the time was calculatcd mmd The revised iempernture and presvure of the
umburned charge was fousd Based :n these revised values of unburned gas lemperature and
pressure, the lurbalen! puramelers and burning velocily were re-calculaied




M.24 H oA, Abdel Salam, C.C.W_ Sheppard, M M. Awad and A.R. A, Desoky

The combustion perigd After ignilion, ihe flame was sasumed io travel through the
mixture in ihe combusien chamber, sairsiming ihe wnburned gas shesd of i, The flame
propagstion model was convidered 10 be spherical and the enirmiament rate of the unburned
gas was given by [17]:

dMAdv = phu P R SNSRI TRCEIPPIRR | |

where A, is Ihe instantancows mesn flame surface orea and U, is the entrainment velacily
is,) The lurbelent burning velocily could be found, on the basis of estimated value of u)
and o, frem the Leeds burning velocily carrelstion diagram. The enirdinment wae cannidered
in an imcremcnial Teshion with » spherical Mame growth. The mass enicained during each
increment was givea by--

Am =spu, VWi ... . TR S L e R T )

It was ihen assumed thai some of This mass entrmincd would barn during this iscrement,
lageiber with masy entrained during previoas incremenis. Aller burniag it would expand.
compressing Lhe burnt and wnburned regions; (his process wad considered 1o be ieniropic
and resulied in 8 movemeni of the Mame front forword of o distance equal 1o u,, &1, where
uruh ihe woburned gas welocity ohesd of the Mame front, Onze envrained, ihe unburncd
chatjpe wai sssumed lo bura sl an exponenial rele [17],

The procesy was censidered compulstiomzlly in sn ineéremential manner, The muss was
considered to be burmed imslanismcously a1 constamt volume, then allowed 1o expond,
compresiing the “old’ burmt charge The burnl regioms werc mixed (the unburned chorge
behind and in froni of the Mame feont was treaied a3 ooe regien for the purpose of pressure
wyusfigntion), Heal cranafer was considered in Ahis colcolations using the Wosche
correlation |18]. The protess woy reperted uutil the inflammed volumc was greaier than 99
% of ihe toral cylinder volume,

3.2 Current Modifications of the Leeds Cycle Model

Wark i3 being wvedertaken to werily the Leods cyele model Some success has heen reporied
i¥], but imperfeci maiching of experimenial dain and model prediciigi® haw beon noted
fore, im the work reporicd in ihis paper, ihree modifications were conducted to the
Leeds cycle model in erder o oblain more realistic prediction of e model agains the
experimeniz! dawe These modilications conceraed pision ring blowby and praron top land
erevice Maw, Mame [ront aren caleclation, and heat wranafer caloulation These modilicuiions
will be discusssd now,

Eirat _modification Tle pision's top-land erevice volume, bounded by the pision iop-land,
piston  top ring sad cylinder wall, is an important fagtor (n engine design. A significant part
of the mass contmined in the uunhrm in this small volume al eritical siages of the
tycle. This mess is unavaulable fog combusiion, being compressed into the trevices,
it in hence of grenl importance w cycle modelling.

In the curreni siudy, the Leeds cycle model has heen exiended io include ihe efTeci of the
blowby and pistan top land crevice Mow by incerperaiing & sub-program of blowby snd piston
lop lond crevice flow (3], This sub-program was developed from ihe simpie erifice and
valume melhod proposed by Tieg und Mayers [19)
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i Jenernlly in 51 engine models. the MNeme is considered to propogate
through the co stipn chamber cither in spherical or cylindricel manner with a regular
frant area.

In this study, & “shape faclor® oplion wes included in ihe model in sliempl 10 obinin & more
realistic estimetion of the Mame front ares and benee of the burning rote in the model This
factor is defined as the ratic beiween projecied areo of smooihed Mame measured on the film
ta that calculated on spherical growib basis. Typical values of this foctar for & number of
engine running conditions are givea in Reletence | 3]

i n. The inllucace of heat iransler on model prediciions was investiguted
by Hynes [11]. Besed on comparisons belween model predictions with and without heal
iransler, be showed thal the heat losses during combastion and expansion processes from the
cylinder charge has lttle efTect on cylinder pressure but a slgnificant effect on the charge
lemperature. However, since it has been suggesied by many suthors (20,21] thai heat iransfer
has & mgnificani effect on the cylinder pressure as well sy the charge temperaiure, this
cllect was also assessed in the current study.

Therefore, the Leeds' program wss modified by adopling the well known Annand correlation
[22) for caleulating the coefficient of heat transler in addition to the previously exiating |11]
Woschni correlation [|8]. The principsl reason for adopting Annend correlalion was ihai it
included & rodiation lerm.

4. EXPERIMENTAL ENGINE DATA

A modified single cylinder two siroke Yamaha engine was employed in the currenl siudy 10
celleet the engine experimental dale required for the veriliealion and validation of the
cutrent modelling work. The engioe Bad a specially designed eylinder head which allowed
full oprieal amccess 1o the combusiton chamber through a 1op window a3 shown in Fig.3 Full
details of this engine con be (ound in Relerence (23] The advantage of this engine was thai
al high cempression raibo the clesrance height was small and beoce the Mame spread could
be regarded as iwe dimensionzl

Ihe techniques adopied in this study included the use of a high spoed cine’ camers amd the
collection of simulismcous cylinder presswre records amng as om-linc compater. This
included sn clettromc ignition system, o shall encoder, & peizo-tlecine pressure tronsducer
with charge amplifier, an on Jine date scquisition sysiem und s & Hilachi 164 high speed
cine' camera, copable of 10000 frames per second. Details of the instrumentation i3 given in
Reference | 3] aad Fig 4 shows #n ouilinc of the technigues.

It may be noted thot, for purpose ol synchronization, spark and TDC signals together with
the pressure signal were converned to digital form asiag & Micro-Consaltants very high speed
llnlh?i ta digital converier (ADC- 8 channcls wiih 400 kHz maximum rote) unil. The engine
was fired every 41h cycle 1o lacilinaie breathing 2ad belp prevent the sngine sccelersiing
beyond the required speed The sysiem provided spark and TDT signals ie the on-line
computer.

High speed natural light films of combustion process were recorded at the sagine aperating
conditions given ia Teble (. The films were sanlyzed ssing & back projeciing sereen. Thia
sllowed slow motion wiewing of the film as well a3 examination frame by frame Fuor seleticd
cycles the [Mame posution im cech (rame was reced onio iranspatent paper Using 2 Summa
Graphics bii pad, the Name traces were digatazed inte X-¥ ceordinates and stored




M.26 A Abdel Seinm, C C. W Sheppard, MM Awsd and 4 B A Dessiy

1 Ul head 4« Fim mimor

1. Pressore voasd o k- runbia

Yo Quuartz wimdion = Sk ¢ ecode
Tig } ¥ wmvaha s

Camnrs
i

cunirolia

Tog § Uit ot ol congime: sl il cnpetamestad ocheagas




Mansoura Engineering Journal Vol.20 No.J, September 1995 M.27

in & duta file These data could be used subsequenily to calculate the Mame radii and Mame
speeds for esch cycle, wring an existing computer progeam [11] A disgnostic compoter
program for analyzing spark ignitlon enginc experimental duts [19] was used i2 calculate
engine parameters as  well as the burning rete during combuntion grecess Therelore, uring
the sbave mentioned experimenial iechnique for data colleciion and analysis, 11 wis posmble
to obisin the in-cylinder pressure, the (lame speed and the Mame radius for the selecied
Yemaba enginc cycles givan in Table 1. These experimental daly were wied in the
optimisation and validation of the curreni modelling work ;

= Ilf!l:!ll ﬂl!lu
j:ﬂ: Equiv_ralie | Comp, m;: Specd, rpm | Spark adv., |
] 0 i3 1100 | s
.0 612 1100 l!!
i 8.3 _L43n 33 |
_i ui (%) 1400 :TZ'_‘.

5. PARAMETRIC STUDY USING LEEDS ENGINE CYCLE MODEL

Ay mentioned  belore, the present study is priscipally concerned with the incorporation of »
blowby rewtine inle Ihe Leeds engine evele model, in order to obtain a more realistic
prediction of the model o3 compared with the experimental date, However, as & preliminary,
a paramelric study hos slso been underiaken o highlight \he effects of varying modsl
parameiers se predicted engine combustion for a4 aumber of eagine conditions. Ininsily,
engine vanables were mainlained consient corresponding 1o the Mirst cycle In Table 1.

5.1 Turbulence Parnmelers

The iurbulence parameiers whick have wmignaficaal efMects on the model prediction are
smiegral length  scale, lurbulence inteasity, aad chemical lifetime. Effucis of changing ihewe
parsaciers are oullined below

The integral length wcale s the characteristic aversge fength of Lhe
large eddien within a8 lurbulesl MNow while the small eddlen associnied with velocily
Nucisations at high flequensies are mensured by (he Taylor microscale [24] The intcgral
length scale ol ignition heas been assumed preportional 1o the instantaneous cylinder heighi
Por iurbulence i & bomb li has been showa [19) (hai the length 1cale 3 approximaiely one
tenih of the vesuel dinmeter . In on engineg, \be consian of proportionnlily was laken as 0 1§
by [1] and a3 0.1 by 1“]. while [27] suggesied 0.1 lor this consianl, However, io invesligaie
the effeci of integrul lengih scale 8t igniiion on the engine paramelers, the program wzi run
for o different valuap of the constant Li. Shown in Fig 3 are the model predicuion far b in-
eylinder pressore asong diflereni values of the wniegral lengih scale ot (gnitien, 01 s clear n
ihis figure thai valus of the coastant of proportionaliiy (k haw o plgnificant effect an the in.
eylinder preasurc

Juchulengg intensify The isrbulcacs intensivy, o', is defined as the rool mean square of
the fluctasiing velotity of the lurbuleni Mlow. For conventin| single chamber cngines, at the
time of 1gnilion, (his parameter has usually been assumed io be proporiional e 18 mean
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plston speed, Therafore for the thermodynamic medels which incorporaie torbulent ruic of
burming ihe value of the constant of preportonaliy &k, will grestly aifest o' st ignition
which in torn affccis the model pradiction.

In  likeesdure, ihere are m wariery of figures for the conwent k. Kesults from LDA
megsurement gave hd cunge of |1 | for this constant |20, 39) Receni results waing LDA
[36] showed that ihis consionl varies beiween 0.3 and 0.7 with changes wn esging specd and
faw rate. A literature review [10] saggesta itha) ihis coastani may heve & valac in the range
o4-1.1

In order \o examine the eflect of this consiam on predicied engine performance, the program
was rum for o reape of walees of 1. Showa in Fig. & are ihe model prodicsion foe the on
cylimder pressure at different valses of &, (from 0 3% 10 § 1) v o2 clenr That ihee is & grean
elfect of the value of ki on the in-cylinder prassure.

The Leeds’ progtam allows s aumber of varistion of wurbulesce imiensily during combusiion
proccis 1o bw sclecied (3 31), incloding ese based on the “rapid dintoriion theory* [11]
According 1o this ibeery the luibulence intensity duiing comburlion process s governed by
conservation of sngulir momenium as:-

= B A s ke i PR TR SO |

A preliminary comparisons beiween Leeds medel ovipui and experimenial dais suggesiad
that thiz theery is inappropriste for ihe turbulimce parameters calculation in the case af
relanvely guiesceni disc-shaped chambens To demanniraie the effees of ihe manner 1n which
w and L wary during (he combesticn process, (he medal was rin waing three methods: the
resultant model autpul i3 shewn in Fig. 7. In this figure, the Nest meithod refers 1o the rapid
digterirom theary, sezond meihed relers 10 the coasiaal wvarablcs sisemplion, and 1hird
method refecs 1o the adopuios of Hall snd Bracce’s expresnion [16] The wsigmificadi
differcaces betwees Ihe medel prediction for the in-gylinder prasasure in (hin Gigure highlight
the imporisnce of Lhe cafelul choice of the lurbulence sapression in ihe sadel In the cafreni
modellisg work the Haeil asd Aracco expression hai been adopied This is Because ihis
expression has beesm abtamned expemimenially frem an engine semilar 18 the Yamaha engine
wsed 1 validse 1he current wark.

Chemical lifegime The chemical lifetime o defined as the (ime (hat an eddy 1ukes 1o buin
and o gpiven by -

L A R L o L ..

where I i the charscienstic radias of 8n eddy and i i the laminar burming velocity, ot
which the eddy will bura iawards [rem peripheral ignition siled

The chemicsl hifelime is o parsmeter which plays an smporiont folg 1n the burning rate
behind (he flame fromi 17 thas Gume i3 gecater than (he eddy lifetime (the time tha eddy wall
exinl ). ihen sn edéy will bresk wp before combusiion o compleig: this ¢an lead o quenching
ai the Nams [10.33,39) Tn on enclicr study with o dopiroke engine, the value of | in By 8§
was nysumed io be proportionol to valve L [17],

Tabacynsti |1, guoting reference |10 considercd ihe turbulomee siruciure in same deinil
An eddy. ure L, wal sssumed 10 comain 8 pumber of dissipative wofiiees. of svee of ordur ol
itie Kelmogorar =cale. These were conssdercd tn be saparated by quiescent regions of
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dimennion of order Tuvlor microscole Diffusion of o Isminér nalire was sssumed lo occur in
ihese regions, hense ihe Lime 10 burn cach microcei] was given by -

1A Jy et IR P PR PR 2] I R )

The chemical lifetime can niso be cxpressed as the 1ato of Mame thickness to laminsr
burning velogity [11] Meflerence 35| suggested ihat the flame ihickness weould be
spproximately given by o/ g

However Lo show the effeci of the chemical hife time on \he model prediciion, the model was
tun for iwe salues of chemicel life me and the model owtpul oy given in Fig &

5.2 Dlowby and Pision Top Land Crevice Flow

Te shew (he effcel of blowby and piston top land crevice (low on the made] prediction, the
pregram was run for the eycle under invesligation wilh and without Blawby sad the model
eulpul date are set owl in Fig. 9 It s clear that incleding blowhy i ihe program has reduced
the in-eylindar pressure. This 13 sitribuied (8 ke reduciisn in mass availeble for combostion
close 1o top dead center |n case of using vhe Elowby option: about sigh® percent of the in-
eylinder mass iz compuied 10 be 1n (he palan rieg crevices 3t crilieal atages in this ewcie

5.3 Shupe Factor

Effecis of the shape [actier oa ihe model prediciion of the cyele under siady are shawn in
Fig. 10. Is thes figure three sein of compuations for different values of the shape Mssior are
displayed. The sigmilicani differcences between ihe model predictions Bighlight ke
imperiance of waing this factor in the model

5.4 Heat Transfer

Effesi of heat iransfer correlstion on model predicisons for the in-cylinder pressure s shown
in Fig. 11 Inthis Nigure, 15¢ madel predictions of twe runs fof the cycle under sigdy (ol the
eperating conditicns sel oot m Table |) are displayed. In the {irst run, the Waoschni
correlation (18] was wsed 1o caleulsie the heat Lranafer coefficicnt in (he wedel, while the
Annand correlsiion (22) wes sied oo i pecond res 01 on clead im ibis fipere tent the model
prediction for ibe in-uvlinder pressure varies with the correialion of Resi iransfer
toellicient

6, EXPERIMENTAL VALIDATION OF CURRENT MODELLING

To opumise the walses of the conswamis wied and ihen walidmie (Be modified model
predictions, the model was initidlly spplied 16 dein defived 0B sxpenments with & Yamaha
enging | 3} The cycle wred lor this verification is the (irst cycle aa Table 1.

For this cycle, the modified compuier program was run. The inpul 1o the program included
the engine operaling conditions for ks eycle as well ay Uie cxperimeninl value ol shape
fasstor for this syele, The ratio beiwern (nrbulence micasily 10 mean piston spesd 81 igaiion
wad tel o 0.8 smd the smlegral lesg'h zeals mi  igmatsus wes considered Lo be 0.1 Limes
cylinder height
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Oased en a comparison Between imitinl model resully and the experrmental dala [or lhe cvele
under study, || was noied (hai the calcuiated mduction Lime was  nof the same as (hat
abserved on the [ilm, however, it should be noted ihat to obtain the correct start of ihe
sombustion process in the model, the messured induction lime and initial kerncl volume
must be fed to ihe program.

Shown is Figs. 12 are ihe onginel model predictions, the modified model prediciions sad ihe
experimential dats for 1ke cycle nader sindy From this figure. it is clear that the modified
model prediciien for 1he displayed parameiers (pressare, (lame radins) for this cycle are in
good  agreement with the experimental data fer the same cycle On the ether hand,

considerable diverepancy beiween lhe eriginsl model prediction and the experimental data
for the same cycle com be ooticed The cifecis of turbalence in increaaing (ame speed are
generally sttribated to two mechsmiyms (2], The first mechamsm conniders the effect of
lurbulence eddies of o 1cale less tham the thickness of the Mame front. These cddies are
assumed 1o imcrease ihe loeal Mexi and maess treasfer rates along the (lame (ront, thereby
incressing the local rate of Mame propagation A sccond mechassitm concerny ihe effecis of
larger (urbulent eddies. These eadies are ansumed to have no effec: on Mame speed, bul 1o
distori ibe MName frenl te thal iz ares is inercased. The incieasc vn MName speed 15 then
preperivenal 1@ ihe increased ares of the (lame (renl

Following the eptimitation of the modified medel (or ome cycle, 10 order 10 ¥alidate the
modified medel o1 1be Yamahs eagpine, (he model has been spplied 1o the ather three eyeles
listed in Table 1. it may be ootcd that each of these cycles has the same engine operaling
conditions as the [irst cycle, aparl from ome parameter in each case The inpul io The
program for esch cyele was the eogine operating condilions for that cyele together with Lhe
cxperimenial values of the shape Mecrior and the inniai Name kernel size.

Comparison beiween the modified wodel ovipwt and the ental data for the second
evcle s given 8 Fig 13 The engine operaling conditions of this cyele were [he dame a5 the
first eycle exccpl thal ihe compression raiio was 6.2 I is clear from this figure thet, dunag
ihe =arly singes of combusiion, Ihe madified medel predicied slewer hurning ihan obscrved
inm Ithe énginz data Laler in ihe cycle, the predicted combuslion becamen faster than Lhe
experiment. Ressons of ibese differences may be siiribuied o differeoce in Mame
development Rapacialed with & more J-dimenlienal chamber gometry When the compression
ratio is reduced,

Anoiher compariion  between modilied model predictions end experimental daia (s shown in
Fig. 14 This comparison has heen underiaken for the third cyele, which has ihe same
operniing cenditiens as the [iret except thal the engine speed wan Increased to 1400 rpm. For
this eyele, good sgrecmont was ablained beiween Ihe model and experimant from (e start of
combusiion upio the top dead cenire posilion; then the madelied burning seems 1o hevame
dlower than |hat observed in the experiment This behavior may be assoclated wilh eyelic
variauies noled in the experiment,

Finally, comparisens for the fourth cycle are shown in Fig. 15, This cyele i charseterized by
& lower equivalence rotto, of 0.9 Although gesd agreemenl heiween the model apd
expenmenl was obtained duning the early sioges of combustion, considerable difTerencen
emerged luler in (he cycle.

In genersl, [nlr agreement Beiween Lhe trends of the modified model owiput dota and ihe
experimenial data were oblamed for Lthe rauge of engine parsmciers oned in Lhe current
COmparisony.
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7. CONCLUSIONS

In this study the Leeds engine cycle model has been exiended and modified In ihis model
the berning velocily approsch has bees uied 1o model the progresvive combusuion in an

Thus method is considered to be more wate for modelling over o wide range of
conditions than purely empirical metheds The lowing conclusions are drawn rom ihe

current modelling work,

1. Turbelesce parameters a1 ignilion bave wery wignificant effecis on model prediclions
Inceeasing the value of lurbulesce intessily ot ignition incressed Lhe turbulcace level and
borning reie Threughout the combustisn precess. However, this valec meeds 10 be
messured in the engine concerned if the lurbulesce level is 1o be relinbie.

i The assumed wariation of turbulence intensity (@') and integral leagih scale (L) during
the combustion process is of grest imporiance |t was found that the relstionships baned
en the Bracco’s esperimenial dats were appropriaie for the engine under siudy, Brace's
data were gencraled for an engine simibor lo that uwsed in the currenl sledy

). including the "shape factor® in the model significanily changed both irends and values of
model prediclions. Howewer, lurther experimenial weik i1 required te develop a
geaeralized expreasion for (hin lactor.

4 Blowby and pisien top-land crevice Mlow have significant efTects oo medelled predictinn
of crlindes prevanre

$  Although geserally good qualilalise spreemeni was obinincd betweea 1he modified mede!
prediciices and experimenial dsim, ever o range of engine aperating conditions, furiher
work 13 needed to obiain more relieble quantitative agreemenr This work should
m:un‘ sie o= determingtion of correct turbuleace and heal iransfer constanis 1o be used
i the madel

REFERENCES

[1] Tabaczysaki. B ). (1978}, *Turbulesce amd iwrbslenl combusiion in spark-ignition
engines* Prog Escrgy Combustion Sei, L, pp 141-183

[2] Lasscasier, DR, Keseger, $C, Sercagon, SC and Hell, WL {1978), “Eifects of
r;:-u:u on spark-igniliea eagine combustion,” SAE Trsas. L3, paper 780180, pp.
=70

131 Abdei-Sslem, H.A. (199]), “Modeliing and experimental validation of lurbulent Name
propagailen |a spark ignulier eagines®, Fh.D. Thens, Usiversity of Mansosts (1=
amsecistion with the Depariment of Mechanical Engineering , University of Leeds. UK )

14] MACA Report 1100 (1959), "Basic considerntions in the combustion of hydrocarban Muels
wilh s

1%] Andrews, GE asd Bradley, D. (1972}, “Determination of burniag veloeiticn: & eritiesl
review”, Combustien and Name, L pp 113-153.




M.J4 H.A Abdel Sauism, C.G.W. Sbeppard, M. M. Awsd and A.R.A. Desoky

[6] Galder, O L (1982}, “Lemunar bursing velocities of meihanol, cihanel and ise-
oclane/mir  mixtures®. Nineleenth Symposiwm (Iniernstional) on Combustion, The
Combustion and Flome, 43§,

171 Meighalachi, M. and Keek, J.C. (1981), “Barning veloecitics of air snd methenal,
isooctane, and Idalene ot high pressore and temperature®, Combusiion and Flame, 48,
pp 191210,

8] Hamid, M N (1986), "Fundamental turbulent combustion prodblems related to gasoline
eagines”, Ph D. Thesis, Universily of Leeds

1% Guelff, E.G.and Matekunas, F.A. (1580}, “The nature of turbulent Mame propagation in
s homogeneous spark-ignited enpine®, SAE paper 30013).

{10] Abdel-Gayed. R.G., Bradiey, D. and Lawes, M. (1587), *Turbuieni burning velocities a
generai correlation in terms of stroiniog reies”, Prec. R. Sec. London, A 414,

[11] Hynes, I (1986), “Turbulence Effecis on Combusiion in spark ignilion engines”, Ph.D.
Thesis, Depi. of Mech. Eng., Univernily of Leeds.

112] Asdel-Gayed, R G., Alkhishali, K.], and Bradley, D (1582}, “Turbulenl boming
velocilies 8nd lMame strsining in explosions”, Proceedings of the Royal Socieny of
Londen, 390, pp 193404

[13] Desoky, A.R.A. {1981), "An cxpetimental aad 1heoreiical study of the combusiion
process in & divided chamber spark (gnition engine”, PhD Thesis, Department of
Mechanical Eagincering, Univernity of Lecds.

114] Al-Mamar, FH. (1983) "Combustion in o dual chamber spark ignition engine”, Ph.D.
Thesis, Depanment of Mechanical Engineering, University of Leeds

|13] Hires, 5.0., Tobaczynski, R.J. and Hovak, J M. (1978}, “The prediction of (gaition
delay =2ad combustion iniervals for o homogeseons charge spark ignition eagine’, SAE
paper TRO13L

[18] Tayler, G.L {1933), Froc. R Soc London Al3L

[17) Blizard, N.C. and Keck, J T (1974}, "Esxperimcnial and theoretsesl investigation of
turbulent burning madel for internal combustion ¢ngine”™, SAE paper 740191,

(18] Woachmi, G. (1%67), *A Universally applicab’v equation for the insisniancous heal
ieansfer coefficient in the internal combustion .igine®, SAE paper 670031

[19] Ting, L L snd Mayers, J.E Jo [1974) Viston ring lubrication end cyfinder hore wear
analysis”, ). Lobric Tech. 84 283-266 and 3N3-)14.

[20] Whitehonse. N D. and Way, R 1.0 (1971), “A simple meihod for the calculation of besi
releasc rated in digsel engine based on the fecl injection raic®, SAE paper 7101 34,

|11 Borgmakke, C., Arpaci, V.5 and Tabaczymiski. R.J. {1980}, “A model for ihe
insiantaneous heal transfer and turbolence in 3 spark ignition engine”. SAE paper
800287




Mansours Eagineering Jeurasl Vel 20 Ne.), Seplember 1995 M35

|2}] Aamsnd, W IO (1W41], "Heal tranafur in the oylindsr of retiprocaling ihlersol
sombasiien enginen”, Proe | MechE L17 , 973994

(23] Kamig. O . Bradley, O una a4, C.G W (198%) “The wilsesge of terbubence os
ihe Mechasiom & EAsid amd wasscisted ibermel end saidanizal sbevin o
angine combestina”, Final vepant, Dwpi of Meck Eag  University of Loeds

jin) Mimge, 10 [1939), “Tamsleace-Aa inmsdudiian e B mechaniom sad heory”,
MeSraw Ml (paklinhera)

123) Apdel.Oayed, BG awd Biwdley, O (1) A tes widy iewry of pre-moaed lame
progugaingn”, Fhil Tromsssviams of ibe Begal Socomy of London, 4300 pp 1-1F

FEM) Hlall, M8 0. Beaces, PV (199T) CA Bredy ol eeladities and terbulesce inieRsities
meavared ip Giring 2od matored eaginev®, Sal paper A78s5)

J27) Heywsad, LB () 20%), “lniecnnl vombustien sngine fendementals”, MeOrwe-Hill

fan) worre, PO, barven, | K ond Bargaaxae, C. (1983, “Musswrements and predictions of
e M, flisid matios sod Eambaslion Fate (A @ spadk Jgnilien engiie™, SALD
papir B1169

12%] Witge, PO, Mpruis, [ K ond Borguetbe, C. [1V84), "Conditronally sampled wuiociy
and rerbalemes momsdimests o0 @ sperl agaiiien sagroe”, Combantion Soeece and
Trabnelags, Jpp M0i-317

130] Livw, T.M, Swniavicen. DA und Brasge, F.V (1906}, *Leser Doppler welocimetory
messuremaniy an valved and pedied engines’  SAE papai B40DTH

[:llliﬂ-ujm.'l il Ahgppard, C O W (1993}, *Osseline sngine oycle nmsiniion enng
Lecds inrbulemi burmibg saleciy cofsliions™, SAE paper3)2640.

[32] Weng, ¥ W wend Houwli, D F [(1079), “Raplé disieriien ihecory spplicd to ierbeioni
wambustion™, SA0 paper 790357,

[33) Quader, & & (1974}, “Lass sembuiiien s8& the miifire limit on spark igniiien emgined,”
SAE paper THIDES.

[34]) Quadar, AA (1919, “Whal dimn leon muu‘pn i RpEIE igRition sngincs- (lame
Imitimnien or Mamng propaguiion’. SAE paper THOT60.

13%] Claydon, A0 aad Walfhaed, H.O (%M, “Tlames  iheir alrmciaes, radidiion, and
Lempeibivee”. Chapman and Hall fpabliaheri), Londan




