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Computer Maodel For Blowby and Piston Top Land Crevice Flow
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This paper i sencerned with medeling of blowby and pslon 1op lasd crevice flew @ reciprocsing imermal
comubusiogn enguses. The uliimale ebject was the diveiopment of wsiificiony cwmpeier moded for mad leslage
irough Dhe fustan ring pack to b ubed i a8 engloe yile meakel

The =ell cmsbbished sumple oniliee wnd solume mathod for predicling e gas preanges berween pixion FNES
repraciling il conduion engines his boen wilanded 19 ke ssount of (ke mass faw i8ls the pision lop
land crevice  Blised on this methed, & madel b beea developed This medel predica, a2 & fandtion of
crmak angle, the mars (ow wnlo nad oul of Lhe (op Innd sod the vahoul peliss neg Srves

Apphestion of Be cwpus sodel ® dilfoesl oagine, bis shown tal s much 5 sight pereenit 50 the -
cylinde mays leala isto the proion 10 land end U ranous crevce regona. A sqpaifant proporion of this mass
:-_-?u- e cormimutinn chnmber during the expansion siroke. Lhis contnibles U hidrocartan amissions
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L. INTRODUCTION

Although the 108 man lof by blowby over & Syele of inierns! covufnciion emgines muy be small (3% or lesa), il
umportant W oele Gt v much a8 eight peroat of the mass contassed in e cylinder mey be tupped in
oty 1op lusd crevice and in ragions behusd und beraeen rmgs. This ecoum o1 critical polnts m the cycle,
o whers pmk prevswre |5 developsd | 1] This mass in ussvadlable (i normal cambustssn, being
ino the crevices during compressea and combusties precesses & o bence o gres! sigralicance s
Al pconiain poinl i the erpaRuon dreke. «Sere U in-Cylsnder ga3 prowart becomes lower
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than O g ring gas presware, o sigmficant (racoon of s mess re-cnorpes im0 e combasiuon «fam b Ui
mews emopes when e Cylinder lenperature nod pressuse wre bow. Camsequently il does nod resdity burn wd 2
mzy comtnbaie to UHC emimnons in both gasoline md dwesel engares.

The developmenl of compuicr models for blowby and puses ©p lind cevice flow are belpful in modeliey
ergize cycle performance s well s n compulation of hydescarbon emiwimn.

Mast of the woek concerned with pision ring hiowhy rodelling o tibsdogesl n ongin, conesrned with (Hation,
wenr, nd lubration of he cylinder limer. Mote teemly ellon has twen moliveied by conoam i
bydtcirbon Sawdborn  Teo mdin aecthinks of modeling bewty S generally been favoared (1) umple snboe
wsd  olume medel, aed (1) more complex model sccorming for pitton nag motion. These will be described
N twrm,

1.1 Simple Orifice and Volume Madel

The orifice aed vohune theory was proposed by Ewess [ 1), in eonsiderntion of tribological nepects af
nng gan fow. This early work became the basis for scwers! Inter shudics concerned with various sspects of

Despite the posnbuity of s keakage Uvough Uve ning mde cioarsee ind drough the Chearance between he rag
face and cylinder Limer, Ting -I__Hq-rt.l}“ ihe g gaps were e saly g leakege paila, The nag
reprsesiced by & senes of in-line square-edged orifices ey adjscem volumes, as shown i Fig | for

The g2 Now Uvough U onfices was svaned 1o be unstesdy, coe dmenmonal end adisbotic and to winfy the
ideal gas lew  The gas wes comsslered 0 be cooled W0 Ui sdjaceal pisos warfiate Lemporatare, 88 5000 & it
whkeresd Lhe walume coscirmed

In muodellng the Bow of gas dwough ibe piston fing pack, Tieg and Mayer | 3] used rwo prncipal eqealioes i) s
ciuation for (he flow rule dwough m onfice glven and downstresen portssres, and (1)) an squation for
mﬁrAw‘* presmure within v volune, given the net flow rate mwio i, (hese eguations are sel oul i

Ruddy [4] venficd the mmpie erfice asd volume mode! by mutching his compuler model predictions of inter-
feg oo for 3 ptcels oupme with measered valies  The cngine modelbed wa sa Abingdon 01 w0
sirche engine, for whach e varistion in cylinder aad inler-rng g pressoes Sty crasi Engle had been
prenouly meazared by Baler ead Jone | 5], rebevent detaily of thin exgine we iven i Appendin A,

Bated o0 his compartsens of model wath experiment, Reddy concluded Ut the sample onlice and velwme moded
wus an scceplable meihod for prediciing wieroring pressunes within s ring pack.

1.2 Mare Comples Madel

bn the smple methind described before e pasage arem svuilable for blowhy wes ssmened consmnt snd equals 1o
e goomcinial reg pop s Howrssx, i 8 real engne. this arca varies during a cycle becsuse of ring metion in
iy groowe.  Thewfon, for more sccarate reprasentston, the ring pack ilow model mmt be cougled with « mede!
for  mung meotion. Namassan snd Hopwood | 6] sadicd the piston-crlinder arevice flow m 2 mal eagine wnd whing
ihe effec of nag mouon ine oesderasor. developod & more compreheasve blewby model  Thus madel,
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Fig. | Represcntation of ihrec comprenion-
ring pack [4]
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Fig.3 Schematic of the forces ncting on the
ring (6]
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Sebemaric of typical production spark
Igpition engine sod ring amembly
sbowing gas flow parh |6]
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Fig. 4

Compsrison berween  predicted asd
measured Blewbhy dara lor one cylinder
of the V-6 GM engine as a funetion of
the smaliest ring gap area |6]
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The lplimiiy Bosstpiues were mad

I The l—i'h leakage poihs pasi the peuson ring wore (|| ning gap and (1) g side- clemnpos s

Shayun = w i n schemaiic disgram ofn pualen of e type smalysed by Mammeas and Howood Thes
jusian =nt Foed Wil o cEpIeSEOr AP TTRReTMne of caTst mart-gpmbion ayis dongs

1 ml—h‘hu'ﬂ_—ﬂhhh--“ ont dimensiona anfice

L mhuhhﬂ_m“--“whwl
AT Chanar

As  discussed previously, thare are 1wo porsble goy leakage weey wn ey model the nog gap wer aul tie q
sideclowrnnee ares.  The  (irwl seen ooy caboulated dipectly (rom Use prometry of e

s pemamedt copslan! deing the owle hﬂ--ﬂﬂ.ﬂﬂ“ﬂﬁl
sxording 0 the changs n mag position ;i proowe The ring o it or move acadly Bp ad down 1. 9
goove . i way proved, expeormestally by Forshama end Hiruma | 7] and (Sconctsally by Ruagert [ 9] thai
ring 1l wity an eaguierdisplocernest of the wier of § nemmtcy was ol endagh 10 have » markad efloc on e
few passpr som The ring musl G0 i e oot of | degres (60 miswter) io Bally bock bath risy sde-
Therefors 2o asihors conpiderrs anly snsl moties of the ring @ the pome md srumed thet te
were (st The nag sule-clearace was caleulsied by spplication of the equation of moton 10 esch ring

iil

M, &*h il = Fp + Fpe Fi- 0 1F, n

where; M, 15Lhe mts of he ring.
b s the rny mde-clearmnce,
.puhpulmtﬁ-.
F; is b friction force,
13 the inertae force and
Ii i3 resistance of e squecred ol forve

Fy ©uss only whes the ring (¢ tltiing on Use groows mafoce and was sugpesicd by Furshana et ol 7] 1o describe
thewr evperimeniai obsarvaions of the (oating rimg slowang down a1 il opproached e groove surface.

The above forees thol mct cislly onihe ning are ghown in Fig ). The squations by which tsese lores were
caléulated are given in  Appendix B The rie of change of pretsire in sach voltma crovios was shilaised by
applying the contimary equathn to this volume The cquations by which e mass fow rates thragh the nog
50 and rmg side clesrance areas and rase of change of pressure were aaiculsted ane alse given m Appendic B

In yumemary, Use model was formulated in terma of Eq. | (ono ogquotion for anch of te 1o comprmsion rngs |
ead Ibe et of Uiese eyuations listed ay aquabion (|3} m Appendic B, The latler set of squatioss determine the
prewures i e regions behind and Berwers the nings. These (ive differential eaation, coupled with tose e
mass fiow mue (Equations (11} end (12) 1 Appendix B) were solved numencally using the Runge-Kutis
integrulion method.

Hammagan and Heywood [ 6] verifed their medel pradictions by ompanng (e calculated blowdy Now rate values
for w V4 m-ﬁ:-ﬁm-u-uu-nbrwtwhh—*uh-tm
conditions. This comparison s reported in Fig.d. For Lhe modsl rwi comblnutions of teee ring-gap siues
were used, cowering Lhe ronge of manufachuring lolerance of the nchusl produstion engloe, Theve was good
sgrerment between Hamaniany model prediciGon and Wentwoni's experumenial resalls for Uhe tame engane

1. MODIFICATION OF THE SIMPLE ORIFICE AND VOLUME MODEL

As bas been memtioned before, the penple orifice o wolume model was deweloped 19 prodict iribologacal
behonours s e coremly repored wrudy, this model has been modifien 1o predect the muiss How ikie s and
oul of the piston lop land crenee 33 well as through the piston ring creviees This was done by combining o madel
fier paton iop land cresice flow with the simple onficr and volume model
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The fNow im the pision top land crevice wes assumed (o be thal of & fully developed Laminar Nlow & channel
with comstand premure, egusl 0 the Ofindsy pressore I was abie sourmed thn thes o was sothermsl, o
justbed by Nemanes e &l | 6] They found Cat (he characurrmin ione for cylinder prses to reach e wrevme
wall lempersiurs was sbaail 7 ciak doprs Thas fisdhay bars besa supporiod by the measuremeni of Furubana el
sl (10 wie establnbed that e gas icnpoanae o the miston iop land crence differsd (rom the puson
eporatue by coly 8 fow oo

Using the sbowe sssumpton: 4l applyng the continury cqsation 1 the tomirol velume ompainng e piser
00 land aevice, the following relsnon o shiumes,

W_—, :-Eﬂ.+£ m

dt dt e

where, W_, o the many flow pasnt (he posion Lop land crevice,
Wiy

o the mam ow Udough te iop nog gag,
P s he pressee (s ihe praton iop lend volume

This relatiomahip wos combined with the sumple arilice and volume equations © pradicl the mas (low rase wio
and ont of the pston top land erevice.

3 CURRENT COMPUTER MODEL

A computer progrum, based oa the madified simpie orifice and volume madel has been written in Fortran 77, The
computatioeal procedune was 19:

|+ guess the mier-rimy gies pressures.

1- ealealsle the low rte Birough esch ring gap.

- cabculnte thie rate of change of pressure within each volume.

4- using the second order Runge-Kuts method, find the ter ring gas presvers.

3= calculate the Mlow rate through cach ring gap.

&= calculate the flow mie past the pision top land crevice.

This model can be applied 10 both rwo and four stmike engines, with any sumber of compression rngs. In the 1we
itroke versions, the uiler ring prespures are vented a3 e rings pacs the porta in tee cylinder liner.

The nadel prodicts, s o funciion of crank angle. the preisure between the g, the mass Mow through different
g gaps and the mass Mlow ipto and out of the piston lop land crevice. The inputs required [or the arculnsi
are cornbustion chamber pressure versus crank angle, details of the engine and piston ning pack geometry wd the
relevinl operating parameters for the cyele under study,

Numazian et al [ £ suggesicd that ignoring piston ring motian could lead e emvers of up 10 50 % n estimanon of
that blowby flow mic However, in the current stiady, miproved accurscy might be expecied by the nclusion of
e mung froove clearance volume and the volwne behied rings into the calculations.

11 Examples of thé Current Model Prediction

To examine the validity of lhe cumeni computer model, i was spplied 1o bt the Abingdon B1 and V-6 GM

engines ﬂwﬂyhﬂinﬁ-[idﬂh-ﬂmw meayurements for each

:‘he mﬂuhﬂmhqﬂ“ﬁﬁpﬂmmmmm“ﬁm
‘mh i}

Shown in Figs 3 and & are the resulls obsined with (he cusment model for the Abingdon engine, The inputs
the program were the cylinder pressare vaniation axd the relevan! plysical dals lor Gus engine, &3 udod earfier by
Ruddy | 2] snd preseied in Appendiz A s these calculutions, il 'was asyssned that the piston rsdial ¢learuncs
Temaied constant, wach hat the orifice leakage arce changed only with ring gap.




Fig. & Current modsel prediction of % of mass
flow ioto and out of

ring ereviced for Abingdion Bl engine
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Fig. 7 Curreat model prediction of inter Fig. 8 Current model prediction of % of masy
riag pressure for V6-GM eagiae flow fato and oul of pisien-cylinder-

ring erevices for V6-GM engine

[ ———
P § 3

Fig. 9 Comparison berween curren! model Fig. 10 Compurison berween currest model
spd Namacize model predictions of and Namazian model predictons of
inier ring pressure for V6-GM engine mass flow into aod out of pision-
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Lumilarly, changes in e witer-sig wolumes were relsted 1o vasiation i sxial nog speceg. The cfficct of tharmal
wnn included by veneming § lernperature fise for esch veg from 20 °C 1o the wlue hown for the
ring goove femperstive,  The nng gap sees were aalcolsed using finear thermal cxpansion

i

Given in Fig.5 sre the eomputal iotey ring pressares. Shown i Fig 6 ane the comesponding loulancd mam
flows a4 5 percentage of iotal cylusder mas, isto and out of the pision top fend crevice. The mo bk og= Brough
the vashous ring gape are aleo shewn. For this engine, operating Bt the conditoes descrbed, the total blowby (low
mie lo the crankcase by about 3 W of the tolal iiemal in-cylinder mass The ramimuns mass eontumed i the
plwon op land crevice renched ns mech 5 8 % of the total in-cvlinder maes

Apoiher example of modelled el o ileousted = Figa? and §  This o Ow predicinn for L mier fing
premure end mass fow me Gesogh Lhe yanows ring and past the piston crown into due top e (or the V.8
the mdicated operming conditions The umposed pressure [0 (Ris Cycle o ai shewe 11wy b
(hai, a! @ certain peini b e expaasion siroke, the -cylinde presese Secome ower G e
g presse. dus cavnes & reverss Oow 11 has bors weppomed by Namonam o o | ] St rewTee (e
of s wwd upbred  fuel muses weth the in cyfinder combustion producty, the laiter mre selatresiy cold ot this
ignite the neemerging gesss. Thas sutsiial snsount of snbarnod gases con elaarly
eoninbute o emissions of unbumed hydroosrboss For thiy cosdeen it o be scon from Fig B Gt e e
emerging gasey amounl 0 9 mech s 7 % of the mans of the in-oyiinder Charge can clewrly contibue b
ervasony of aabured hplrocarbons Thes mass @ chearly aasvmlable for combuntion by the aormal flame 3 he

k
i
3
g
bt

1o The Mesanas sl Heyssed |6 | moadel o lhely i peeld move sccursie prodictions & 1% e e
Ouoegh e wanoss pston rag crevces, over @ wide mange of engine conditions. However. il requdes
conudershle computational Lume, extensive phyuical dals for the pesion Bnd the ring gromelry

mople  onfice  and volame model prowides o ressonably scowrsie and moie rapd msthod for

ket g premarey wnd mas eakage throsgh U top asd seoead rings

evienpos 1o e nmple onfice and volume modsl incorporeted 1m0 the curment progrum presenis o

corveutasonally efficwent aad ressonably sccumic sssessment of the mass conlaned i ihe 1op load and ocher

and 50 unavailsble (o coministion by te normal Oame (robt ol the oplumum |ime i the crle.
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AFFENDIX A

Al Simple Orifice and Volume Model

The well essblined umple onifie wnd solume mooe] conus mamly of Lhe followang equuions
(T} Mow rate through riag gap equation.

R RE "’T
:441(;:“) - :

Accesding 8 the -ﬂ*wmﬂ“n-w'ﬁcd‘p— e raie of change
of pressure withu cach volane i pren by egabon § 41 and ibe (ner-nng grs pressanes e given by

O =3, (5] o

where (¥ g = P, ot crunk anghe @ and 50 = erenk msgle meremen

oul Uus work i was sasurmed Gt v =13 and ibe ring gap could be considersd s & squaned-cdged anlios
: = 0.65 e suggested by Ting sed Maycr | 3],

U the pressuss ralio pomes wn orifice wes b ten the ool poesare mtio, then equaion (1) simplified 1o

ool :
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- G man Dew Taie ihrwwgh the rog gop berwers ol and (e 1B regiamg i,

= KA PC

(L

b U s Dew suas Phrmagy i oeg ode dosranoe o o) comldered oy an iothermmal sompreoibis o
fhroegh & marrrw s of width b and longth w, { biwg = 0,00} ind was slculaied using ihe relition

given by Shaporn |13} ot

me= ;::.'. !T{P: - P’l]

=teri Py Tn g w2 Uhe wpmtream and dowoiisam prervares,

m

i5- the rate of Change of presyares in reghon 1, J and ¢ a0 given ai

dP. P
=y - -
2 - 22

%:[ﬁu-rm, -m_-n‘('—::-]

EaLa =

un

whers B and i, e the iuual pressare and il mast 0 8 velems

B.I Specilications of the V-4 GM eagine
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