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‘THEEFFEGT OF CLEARANCEDISTRIBUTION(X?THE PERFORMANCE

OF A COMPRESSION-IGNITIONENGINE

WITH A PRECOMBUSTIONCEAM3ER

Br c!.S. Moore and J. H. Collins,jr.

SUMMARY

The clearancedistributionin a precombustionchamber
cylinderhead was varied so that for a constantcompression
ratio of 13.5 the sphericalauxiliarychamberscontained
20, 35, 50, and 70 per cent of the total clearancevolume.
Eack cham%erwas connectedto the cylinderby a single cir-b cular passage, flared at both ends, and of a cross-sec-
tional area proportionalto the chambervolume, thereby

* giving the same calculatedair-flowvelocity through each
, passage. Results of engine-performancetests are presented

for e~.chof the four clearance’distributionsto show the
variationsof power, fuel consumption,explosionpressure,
rate of pressure rise, ignitionlag, heat loss to the cool-
ing water, and motoring characteristics.

Z’orgood perform&ncethe minimum auxiliarycbarnber
volume, with the cylinderhead designused, was 35 per=ent
of the total clearancevolume; for larger volumes the per-
formailceimprovesbut sltghtl~-.‘Withthe auxiliarychamber
that contained35 per cent of the clearancevolume there
were obtainedthe lowest explosionpressures,medium rates
of pressure rise, and slightlyless than the maximum power.
For all clearancedistributionsan increasein engine speed
decreasedtiie“ignitionlag in secondsaad increasedthe
rate of pressure rise.

...

INTRODUCTION

b.

P

The precombustionor auxiliarychamberwith forced air ‘-
flow for mixing fuel and air is one of the general combus-
tion-chambertypes used in compression-ignitionengines.
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When designinga precombustiori-chambercylinderhead the
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influpncqgoofthe variationsof the differentelements
shol;.ldbe’kn6’&~’~~:Th&pS6c”ornlmdtio.n”+ch.qLm~.qr””.position, vQl-
ume, and shapei and the connecting-passage‘area,shape,a“nd
directio~have freed:Subjectto vati”ed‘dps,$gntreatment.
The distributionof the clearancabetween the precornbustion
chamberand the cjlihderis on’e’‘ofrthe f.u.qdg.yentalvaria-
%les whose effect shouldbe determined. Theoretically,the
volume of the.tireco~,tnzstion.’chamber,or mei.ghtqof,airin it,
s’houldcontrol-theamount of precom~usti.on.~f’“injectionts
confinedto the chamber.

Experimentalwork on high-speedcompression-ignition
engineswith precombustionchambershas been done at this
‘i:aboratok$’b~::J,o&eh5.mand Kemper (.yefere,nce_l)and Spanogle
anilMoorb’(refbr’~h’ce.~). .,,, “’i,-., . ..

,.... .......”.,,.:. ,’ —.
!Ch~tioi?k:’presentedhere is an expe”rim&tal,inves{ig~:

tion”of,%he”’effectof clearancedistribiitionbetweenthe
auxil’iar’y‘.cli:bmherand the cylinderfor the &ane relative
passage restif’ictionand compressionratio. This work was
done during 1931 by the’NationalAdvisory C“ommf%teefor

“A’er’9,nauticsat ‘ZangleyField, Va.
.,’ ,.
!..,.,=; -.,. .. -.., . . :-—. ....“”-,... ---

:’,.‘ ‘ AP~ARATUSAND METHODS —,,. .,,,

~’hesiggle-cylindeitest engineunit with electricdy-
“:’namometershown in”l’tgtire.1 was used in this series of test%
The engine is 4-strVke-cycle,coupr”esston-~nition,“of’5-”
inch bortiand ?-inch”stroke, and has the s~andardLiberty
valve-actuatingrn$”chanismand Valv-ptimiggz An ~,A:C:A.
universaltest engih-ebase and cylinderwere used which ~~-
lowed the compressionratio to be held constantas the
clearancedistrihutio~was changed; The fuel-injection‘=
equipment(as in reference2) consistedof a primary gear
pump, and a cam-operated,cofistant-stroko,.f%61,-fnj8ction
pump that deliveredfuel to a spring-loadedinjectionvalve
‘having“asingleO,O!jO-inch-diameterorifice. A timingmech-
anism permittedthe injectionadvanceangle to te varied.
TWO types Of injectton~valvestems were used, a plain stem
giving a narrow spray cone and a stem with two helical
ktioovesof 23° angls, which gave a gonq::o~.juorewidely dis-
.’peribd%~l?ti~”’. ,,” :,.’ : .:’,+ ,-.. ....= .: ...-. -=

,, ’;.,:,.;’,’..... .. .. . . .... .F+ “’:,.:,:,:,~:.,
The auxiliary‘testing.equip’uent’w&’s“ti~e‘samea= ~6~-

,“ . “-“’-““+”

the work of reference2 except~l~atthe balanced-pressure ,—

,, —
*

1
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apparatus,(reference3) was used to measure the maximum
cylind:e’r:&ndchakberpr~ssurb’s-andthe.’impro,v.ed??a~nh,oro
indicatorwasmuse.tito.-dltai.hindihato.r:cards.,(r~.fer’enc~4,).
In-thiswork, temperatti~~”:mea.snkeme~tsw,ere.mad,e.inboth,
the chamberand cylinderby means of a 0.020-.in&hf,un,-..,,.
shieldedchromel-alumelthermocouple. The hot junction of
the thd>mo~oupl”a;”the~Lmcat”,ionsof which ar,s,sho,~n.~~ Fig- —

ure 2, ekt”ehdet:a-hou.t1/2 ~inchinto :th:ecomb~st.lo..g..space...:,., . .. ,-. . --..”.......,.,~-,.i.:.-:
The cylinderhead (fig. 2)used for these.,t:estsis ,&o,.

constructedthat the two pieces forming the precombustion
chamber,”andconnectingpassage are removablewithout dis-
tur%in~’other parts of the en~in.e..J3y.the.const~ructionand
assem%ly of differentchamberparts and adjustmentof the
compressionratio‘~f’“theuaiversal tekt“engine:,’this,gylin-
der head is ‘easilyadaptablet.othe .investi’gat’ion:uf.a va-
riety ,ofcoml)ustion-cham%erforms.,.. . . . . . . . . . -.,. .-. ,,.

In t“hiswor’k‘the:.”combustion-chamberform was not cho-
sen to give maximum-engineperformance,but was designed
so that the clear~nce”‘couldbe transferredfrom cylinderto
chamberwith a minimum changeinthe shape of the combustion
space. The cylinder olearanceuoltime,(see,fig;2.):.~,as-4
formed between the domed cylinder,headaniithe dom:qdpiston
crown. The auxiliarydhdtiberclearanceswere spherical and
contained20, 35, 50, and 70 per cent of the total clear-
ance‘fora compression.rat,ioof 13.5. For convenience-of
referencethese clearancedistributionswill be called the
20, 35, 50, and 70 per cent chambers.

.Theconnecting.passa.gds;:werecircular in cress segtion,
of constantlength/diameterratio, and vere flared at ‘both
ends. The croks-eectionalarea.of ~ach.of$he four passages
was designedto be proportionalto the auxiliarychamber
volume. The yassage diatieterswere 23/~4, ~5/32, 9/16{ and
43/64 inch for the 20, 35, 50, and ’70per cent chambers,
respectively. At the same -enginespeeds for each-of the
four clearancedistributions,the calculatedair velocities
through the:passageswere the.same, The passage axis passed
through the centers of the s heres and intersectedthe cyl-

%.inder axis”at-an angle of.45 . The.air fl~w.in each of the
four combustionchamberswas directedcounter to the fuel
spray. .,: . ..... . ....,:. ..,..,.” ...

The cooling water entered’aroumd.the “bottom-ofthe cyl-
inder head. Part of the water rose and was discharged
through an outlet‘in,the top,o.fthe head;.the,.r~sip.as;sed
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around the chamberand throughan o“utletin the chamber
cap. Thermometers were located at the inlet.+tothe cylin-
der and h6ad and at the outletsfrom the cylinder,head,
and chamber cap.. .=~. .~.. --,.,

..’” The’standard.c.onditionsof tes’t”ingwer~-keptconstant
.exc~ptwhen taken singlyas variables.’PorLco.nvenie.nceof
reference,the conditionswhich were”con~”ideredas standard
are;tal)ulatedbelow. ,. ;.,. .
..
Engine speed . . . . .’. . . . . V . . . . . 1,500 r~p,m.

,.
. . .. . Compressionratio (each clearancedis-

tribution).. . . . . . .’. .“”.~--.”:“,-i~-13.g
..—

Fuel.. . . . . . . . . . . . Diesel enginefuel, 0.84’7
. . specificgravity, 41

seconds3ayboltviscosity
it 80° F.:

~-
,..-,,: ,,

.Full+.lo,ad:fuel quantity.,.,. , .,. .,. . .-.“0.0003l-b,
...,, (12per cent excessair) ..,. - per c~cl_8“ e,

.;(“85”,perc!ent,,volumetr”ic“efficiency)
,, .’
Injectionperiod.(at1,500‘r.p,.m., obtain’ed

,,. .-

., “byStr@arama) . . . . . . . .,.’. . . . 20° crank-
.——— J— shaft

!., ‘-Injection’advanceangle (at 1,500 r.P.m..).. 7° B.T.C,

.’ Spray’type;..,.. ... . . . . . Noncentrifugal
—

.,., —

. Nozzle fi”ype.. . . . single orifi”ci~0.050in. dia-meter
..—

Fuel.valve.position. . upper charn~ar!O.le-. _. ...
..-. -— ,

., Valve openingpressure . ~ 3,500 ib: per sq. in.

.,
Fuel temperature. . .,. , . . . .“”-.. . ~‘80”0”F.

.-

Engine lu%ricati.ngoil temperature-(out).1400-F.
—-.— -.

Coolingwater temperature(out),. , . ,,, 1-~00F.

Temperatureo.finlet aiT. . , . . ,.. . . ‘95° Y.. 4

“

1
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The test procedurewas the same for each clearance
distribution, The compraessi,on..rat,~o..w~s .,c.h,ec~~,e$apd. the
“f.ollowin~rnbta’ririg’:dat:a,t“akg-rij,,,l,~~~~~~lrn..~.~,,:wasc,o,mp.ut~d
from the scalti‘-reiditi’g”’takH-ntih”il’”b-thedy”riamometerwas mo-
toring the engine. Compressi.g.nlpr.,eispu,,e,s.-were..obtained
from %oeth’cyliudbr””a“~&””%’h,@&%.er~,,oy.er~~‘a?~,e.ea,.r~qg.p,of.6.00to
1,800 r.p,m._with’b’oth,$h’eha,+,a,nc”e,d~tliaph~agmmaximum pres-
sure ihdicatoran”d.’the~”~a<~b-bro,i.ri$ic~~or””e~~-~ppent....A.-
dou%le:i~dicator.ca~d at },~5”00‘&”.p,rn”~,.%as-’?+ain8d~y,~t~k-’
ing the ch&ti?lGT and:‘cj1’inder,~8cot@”s ‘0? th: same~she:~t,.gf
paper. i.iotoririg”ttempe’r~tur-e.T~&d~@9,.,a~..1j 5Q0 ,.r.p~,~.ygre
taken in the chamber‘a~~~cy~~n$e~~fob~=a~$,:,ch~~her-P&zes-
tested.. ......-”.; -,. ~’ ...”..’:.;,”~~;:..+~~y,,,,~.~..:.,.:, +.”. “

,.. ~.:-., ,, ,’:”,;’:.’.’.:.-.., ._... —..,.,;.--:.-”

.

Power-testdata ti$ir~:-o~tained.of’’.;m;m.e.p:.,.explAosfan
pressures id””cliam’beririd&#litid.er;-’ fubS“consu’mpt,~o.ns, and
heat.Iossesto coolingwater. Thermocoupletemperatures
were obtainedfor ,each,qh+mb.e:ra+.. yli?der at standard

8conditionsand also‘a:t;y90_batid1,20 “r.p;m”.’for the 50 per
cent cham%erand cylinder. These data were taken at the
standardfuel quanti,t.yo,vera.~apg,e,of,sp,e.eds,-~f.rom600 to
1,800:r,p.n.l.Ind,ic.a-to’r”;cards”.w.<re,al,~o.“t”akeu “fromthe ,cham-
ber and .cylinder,,dur,iig’.t.hes~~vari,a~l,’~-~sp:aedt.es-ts,. prom
the %ndlcatorcdrd’s””%he“~i&..ition,Ia’qp;.-tin.di:ptes”-”of.pressure
rise were meaktired$!l?@”eigni%,~onl.a”g.$~jcgns,id.er,pd.in this ,
report as’.t~’e“time in,‘se’c’on&s’”from “the.star$..Gf.ipjectton
of fuel ag ob”e’er~ed+itk a stroborqma~%o,’~~he,beginningof
pressure r’isedue to:c“ombusiion-.assh,own,.hylns,pect.ioqrof
the indicator’ca’rd~..&*’standar’d.fuel .quanti’,tyand .engi~e
speed;’pey’formance”tests’‘Ferema@6:~todeterminethe.effect
OS injectio”ncharac”teri~.ti:cs,. V&l.y~copeningpressures of
2,000 and 5,000 pouhd~ per squ’areinch’yere”used- With
standardconditionsa test yps,wade.to determine”ihe‘effect
of using’.a c“ent.TiSugal spray. A-test was also,m~de,a.?,,:.
standafidconditiotis-usingtb’e’ribncetifrifug”alspray,In the
lower hole of the chambercap. In addition to the tests
made at full load, similardata,,wereobtainedfor eqch
clearance’distributionat‘hal$>6,ad.i 1,500 r.p,m.”.Alsg at
1,500 r.p.m., the”fuel’qu~qti~~’:attie star~.of exhaust‘.
flame“was,.obtainedfor Sach qIear&acti~is~~~J~.u~ionby SIOW-
ly”increasingthe load ‘untila tr&ceof”.f,lameappeare,~in
the exhaust.“

.,
.,. .,.

.. . . . -,
Moredetailed“cornbust”’io.n”aqd~“he?:t”-l’.o,sS,.&,a-$’”a~ea~q obr

.. ...’
.. “

‘ tained from the 50 -per,c”e~tc~~anker,l~e”cquse.i~.bid ,~8,g.n.
used prev.io.usl’yfor a ‘seriesof “tests.,.Duri,n&,the j.esting,
the barometricpressurevaried fro’m29.4”9”to,,3Q.40 .inch,as -.

*: . ... ,, “...’,”,,,,.,--,, ,,.. .,, ,:, .,
*
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of rnercu~y; ,.the.,,e~g~.n:e..”p.ower:tlat.a~-.‘h@i$’&v~r~”wer”’&‘notc0’~’-+
rect:e.d..,t:o.stan+~~@,pr.essur,”eand ‘t.e”upe’r-aturd~“.““‘ -‘-y‘“’:_”,.. .... ,.,.-.=:.. ..,(. “ ,.,:,..,-,,:..i:~,!,~.. .1’‘~.,.”.. .-r-,.

.’$&’&~”~~,,(&-ts’-.th’e’g.&.eralie~g:~~;-~operatin~”cha~racte’~~:
,,,..

.i,stipsmerenatcd., .SecondaT~:tksti- wer’e‘madeto determine
,the,,.~tar,$:i,p’~and,,.i~~ing..aharac.tikri%%its”.’Th& starti“n,g‘te’sts
were.madq,,i,a,th,qfql.low”i:ng”manner”:‘:with the engine‘cold,.4<
(,qb.oytzo,~:,,$;~).’.$$:ma?given:ttid.r.bvolu’t%bnswith the dyna-’,,
mamet,q~~,:,If.:& ,.~iil~oti.stii”rtdur’in’gthr”e’ssuch attempts,
it ,w,as,rn?Lt,areda$.:speeds&ta-rtingat~300 r.p.m. and ihcreap-
ing ~:nt$1 .th,e.mi.nim.vmstarti’ng~.ep’e&&:%a”srehched. These
tests were repeatedwith the engine immediatelyafte~ nOr-
mal power operation. The enginewas tested“forslow speed
op,qe~~~~q:@y.?e$,e~,m$himg%Iiether’:or’n’dt:”‘itwoti~’~-”””i’dl’eat,,:
30~,:r.p-~T,..-;:.,.,-.:..:. ,,:.,.:C..::...” ..? ~:”~ ...” -.

,.:. ..:;.-.,,,,,..., +.:,,, ..,’,,,:,.,..... .... ......--,.,,
:,..TES~.RESWLkS ANDDISCUSSION ‘

:.,..,.,.,,:.!.,
,?.., :,:.’.,;,,. ....,,,,,: ,.-,.::~ ,!..:,!~.’,.,. .“’-.,? .. .-,:.. ,.:.’.....: . .,.. :.-_,.. ...... . -.,,’

‘ Start.~ngand.~~dl~n~ti-.;:~hestafting~char’acter’~st~~s‘.,o.f‘—— ---- —-———
,th~..eng@e ~chan,g~~wft,heachof the di’ffereiitichamberse.m~.:
~loyed. ,Iton,e,oftj~e..-cliti~tiersgave”~tarting’Oritwo revolu-‘
.~,io~,s:,!Qf,~ke:,qra.~k$kwf%,whenco’ld;but ‘“startingwas poss~-
ble Wi:t:h.al:l:.$oqr’of,:.th:e:.chafibers:imm’6diately’’affer‘normal
powle,r.:,op,,eyqtioB.~.;:%he,-minimumS*arting spee! “(c:ompr0s8iog_
pr[.s:s-u~Q.Y,,~~:9,0;~q~nds,:per.,squar4’‘in’ch;);~of‘th’620 “and 70 per
cent cha:rn,~..q,..r,q~i~he~.cql& ;maw300-.E.!p.“~.~;thos-eof ,the.35an_d
50 per c.,eu$.,~ck+p@:e,rs:tie:re,“,800and.“600”.’T.~.m.,“resp”6ctivel-~.-
Th~,ti:d,ldst,p~t,l~ngl:spgedwhen usfng the “tient”rifuga”l”s$r:a,y‘irs
the,“~~per ~ent,@amb,er~~as700.~.po~;’~~ ,. .<~... ~

... .... ...> r..-~,..,..=,.::-,...—- “.,.. .’.....
.~hq~~d’l.ingcharact~~istics-we&eih.ef.s”b~e+‘~oti‘all“~h,$-”“‘...

chamber:,s,.;+d,lin,gat ,300:r.p.,rn.betng mbtain~~~’e,;””tho:$,h‘un~’
steady,. .,......... ...,.,,,:. .:,.:,-,:.,.,-“=i’u...4”.:::-,... ‘>.,.- --,—----... ,,, “..-,... . ...-.:;..,..:.-4”!.:+:.-,.=. ““-.”:.=%”.-, --..:.-.. .. .

M’i~~s‘to kni;~kr~~nge~v~,”The ihj’ect.i”oil”advance;a~gle” “‘“’,—-..— -
range::,f”~ommisfiring.$0 &~101?a3~e.”khQc&iB~’”W-$~:ne&li~~l”}”iy
affected.,b.y,clearanced,istributi~n’w.heri‘6’perating’a~”stin-:~
da~,$,$esk c?~d-~++onp~Wi.th:the:,fue~‘v%ilve’”ig’’%he,’lowe$“hole
of t@’e.20per cen$,:au~il~ary.cha~be~‘tli6’”:op&ratlngrange,in:
creasedfrom 120 to 27°, but the power decreased-andthe
smoke and flame of the exhaust increased. The standardin-
ject.~on.advancq.angle.of 7°’at 2’)500“r~p’:m;ZaV~ $ start‘of,
pressure r~se Which ~!aried.fr.om:T,C.’”to3’oA.T~:C!,Xo”rall
c+ea,?ance di,str.i,~~ttc)ns,as :d&termiziedby’’fns~ectfdilof .i,n+~.:,
dfcator cars$q.::~ - . :“,.:”;’”~ ‘“””..*--*’:”y”‘~$’!C““}’’+””‘~~+,,...;.

Ta%le I, which follows,presents furthernotes on ~he
engine-operatingcharacteristics.
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GEimRA.L

operati~
characteristics

Garb.knock

Centrif~al
sprayco~mred
tononcentrif-
~al spra?
Lowerftiel
valveposlkion
cmqaredtq “,
upperoos:tlon
Optimum:v.”a.,p..

. ,“
;.
. .

!CABLEI .,
: ‘.

GPZRG!t’IliGCHMACXE21S!21CS : .,
.:

---I
20”p’3r cent I 35 per cen”t I 50 per cent ~ 70qercent ‘
chmker I chemte? : chamber I charrber.

I I
Dull ~Slight Herd
I@@@ ~Irregil~r jIrregulor

iJIarder
lTrregula,r

—~-—
1-
!

m. XXI lko/sq.inflCham 200”lh./sq.ln.]ChFm.140 lb./sa.in.lCham.90 ~b./sq.in.

CYl. 1(M lb./sq.in.CY1. 100 lh./eq.in.CY1., 130 lb./sq.in.Cyl. 1+ ~0./sq.in.
.: 11.1

no io.
18

1 I

ohm. -ma Chem.coot and ~chinl.- sootII@en i@n’. “-soft’Shot
Cyl.’- little, > Icyl.- soot

JCyl.-“soot.
-Cyl.- soft 6oot

., ,.

Knock and perfo-
.

‘Knock m’d .perfo~ [Kcock end ~erfo~” Knock and perfo~-
snceslightly ante worse:;< .1 .~ce.worse ‘. . ante slightiy
worse better

““~No change
1. : !Ferformcej;,e-:,:},,~perf~-ce worsa ,Perfomumce wor .08

I.A.A~ rem&27 \ ~=:; -” l,:”.
.

i

‘3,500l.../in.in. ~5,(M) lt./sq.in.
I
.1IS,000 13”.-/sinin. \3,500 lb./Eq.&.

Best
.

ISIQjrtlybetter :. Slightlybette~ 1sl~ghti~better
.:. ,.

..
,,. .
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Effect Of’’clearan”ce distribut~onQB e~ine~erformance.-——-.-_—————.——, ——.—————— .-.———.
Figures 3 a~d “4show thatfor the design of p~~combqstion

———

chambe”rsused .inthes”etests, the m’inimumvolutiein the aux-
iliary charnher:for”good performance;i,sabout 35 per cent of
the total clea’ra~ceVolutie.The inferiorperformancewit-h
the20 “percent.chan@r can not be .at.trihut.edto.the nQn-
ceatirifugalspray depositingfuel o~nthe.waL1.stbecause the
centrifu~alspray which htidinsuffi”clentpen~trationto hit
th~ walls gave sligh”tlyworse performance..“More power was
obt~inedwith the larger chamhersj-becauseof the greater
quantityof air ready,for”-iuitialcombustion. The air in
the ‘cylinder,being d$stri%vtedov6r the piston crown, can
not b.eeffectivelyreachedby the u-nburnedgases is,suing
from the chamber and thereforedoes-not materiallyassist
the combustionprocess.

The cotine:ctingpassage size evidentlythrottles.the
passa<e of burninggasas during combustionmore than it
does the passage of ,airduring coup~ession. This rqsult is
indicatedby the chamberexplosionpressure being higher
than the cylinderpressurewith the srn,allchambers. For the
larger‘chamherswith correspondinglylarger.passagesthe
chamberexplos”i.onpressuresare more’nearly equal to the
cylin’der~ressures. If the proportionof.air in the auxil-
iaiy~chamberalone’werecontrollingthe explosionpressure,
the smallerchambersshouldhave tlie.lower pressures%e-
cause.theoreticallythere would be insufficientair for gen-
eratinghigh combustionpressures.

Effect of clear’a~ distribution”on coqlmstion_chara~
teris”~-~~~~~~%-sho~–~~at cldara~cedls$ribuifondoes-—.=-—.————
not have anapprecia~le effect on fgnitlonla&. This re-
sult may be expected,as the conditionsof ~ernperature,
pressure,and flow velocitywere h61d constantduririgthe
tests. The figure shows that the differencebetween the
time of start of pressure. rise in t:hecharnb&rand “irit“he
cylinderi-svery sma’11.

F6r all clearancedistributiofisthe pressure rises are
straightlines (see :figs.6a and 6%) add of such high rates
thatit is impossibleto measure tljetiakoura-fely;.the nu-
merical values are thereforeonly approximations. q.hetrend,
as the percentagedistributioninc<eases,is for’theauxil-
iary c.hax,berratb to,decreaseand for the cylinder~ate to
inareaseand theu decrease. The larger chamberscontaining
more air should give a faster ret~‘ofpressu~rerise=because
the fuel and air mixture would hav6-more”nearly‘~~eco”rreci

—
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proportions,forconp2et6.,combustion. As the oppositeoc-
curs, it indicatesthat the,passage~ize is.influeg~{ngthe
rate of pressure rise, the largerpassades of the larger
chambersallowingthe gases to..pas$more fr.eplyinto the
cylinder.

,)’,.’
The temperaturesindicatedby the therno.couplesin the

chamberand cylin&erwere imdicativ.e.ofthe relativete~~”
peratures. The indicated:combustiontemperatures“of,ithe
cylinderwere nearly the same for all combustionchatibers
showin”gthat clearance“distri@atiionhad no effect dn t-he
cyli-ndercombustion. The com3ust3.ontemperatureof the ,
chamber increaseswith increasingchambei.,s.i.z,e:because. .of
‘thegreateramount of air in the chamber.available.for com-
bustion.” ,....,.,, .....”.,. .;’-.:.‘.’-.’.; :.. .,. ...“. ..” ,,I.,. ....

The improvement‘im.exhaust.co”nd.it:ionswhich :obcurs
with increaseof chamber~“rop6rt’fofis;.i#caused “%ymore air
being availablefor’initialmixing ‘inthe auxilio,rychamb-
er. Decrease in the rate o.fimpro.vementwith.incre.aseaf
clearance“distributionin the .atixilia&chambershove 35
per ceqt is due to the combinationcif:spraywhage and air
flow as used in these combustion-chamb6rfortis.‘Thiscom-
binationallows a maximu-rnof approximately“35.percent.0?
the fuel to.be mixed with air for eff~ci6n&’combus_tion.
The remainingfuel is consumedeither:very,lat,eor not at
all. . ,. ---

,. .’. . Zffect of clearancedistributionon heat.10SS to tcool-—.———.__ ——.—————
ing water.- Figure 7a shows that increase.in:.chambervdl.ume

——
—— ———____
causes t“aetotal hea{ lOSS to the ~o”oling”waf~i“%o”’-increase
from 20.5 to 28.5 per cent. This increaseis due.to’the
higher combustiontemperaturesin the chamberand.also to
an increase of approximately3.’0per cent in the total com-
bustion chamher surfacearea. It should be noteii.th.atthe
total heat loss for this auxiliarychambertype of ,engice
is less than that usually acceptedfor spark-ignitionea-
gines. The amount of heat loss from the chamber cap in-
creaseswith chambervolume and surface,whei-easthe amount
of heat 10SS from the head decreases’tiAs more combustion
occurs in the chamberwith increasedvolume, the cylinder
heat loss decreases. The similarityin shape of the llcham-
-her cap + headllcurve (fig. 7a) t.othe b.m;e.p. curve of
Figure 3 should also”be”noted,,As the b.m.e.y. increases
the percentageheat 10SS to the cylinder,head:increasesand
the,percerita.gbloss-to the cylinderdecreases. “.Tliesere=
suits indicate‘that.the clearancedistribution of,the 2C!
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per cent chambercauses,la,tei.n’efficYent”burni”ngiti’”t’hecyl-
inder. The chamher cap aid’head to”gethe’r“lti’sernor~heat
than the cylinderbecause of the higher temperatures;:a~id:~~
longer~tirneavailable for. heat.,trans,fer...:.,., .- ,,~

,., ,, . .
Figure.7b shows.t~atfor ,t,he’50, per”’~erit,~cham%e”rthe

percentage-heat..losses,t.o.the,’,coolingwafer-arebut slightly
influenced,by inject,i,onadvance,,a~~le or efigiriq”’”speed,.”-but
are i.nfl,uencedto a g“ie.~t.er”dqgre~,.~y“fri&l‘q~antif~y,.~.~ ..j..-,,, . .

——. _

—

.
.—

--- .<—

,. .,, ,,.
Effect of,cleatitincedistr~bu~jon,on rn6~ori.n&~ch&~&c~—-— __________________

teristic”s.- Tigure 8 shotisy~~~~-~~&-~~~~~~~~ract’6ribX
-.—.——- -.—~

——.,-——_____
tics remainnearly constantas the clearancedistri%titibn”
varie8. Because leps.air.is,moved.j.lproughthe passage for
the smallerchambers,the f,.m,e.p. should_,b6”16ss;’the de-
crease in f~m.e,.p., how”ev.er,.$.sslig~t’i“,Th~r”@f6r’&”,::-th&’;
‘workof.moving:the a:irinto.t~.echa,kbersip’bit’&~-ti&gligt-
ble p,artof the t.ota:lfri,cf}on 10S’S,‘“The:rna~imu”ti-”itidic’atad,
compressionpressure%,a“r(e”higher I.k”i~ec~!a”~~eT;9:than-’..fn”:
the cylinde,r,as was,previouslyre”p,orted,for.t,he;S&rnb”type “
of combustion,chambe~?.,,(Reference:2.):”The:”>e<iat&ohin
compressionpre.s’su.rebet~ee”nthe f,ou’~:‘Chamb’~~S+;s:p”f’o”~~~~~
due to experimentalerror’althoughthe’upward trend of the
cylinderpressure c“urveis possibl$ ca’usedby the increase
in thb effectivecyl~.ridercompressionratio as the chsmber
proportionincreases,),The,.i.ndicatedair ternyeratureof the
chamberis highe”rt.ha’n,tha~of .~hecyjlj,nder;pos-si~lyb“e-
cause the chamber“air,ish.ea”t~dby friction:.o”nbeing forced
throughthe passage,.<lr“:becauset,he“tMermocou:pleis partly
shieldedfrom the ,in].et air. ‘ ‘“ :..;:”

,.
Thirty-fi~e~r centchamber, - “The35$ei cent cham-——— —____ -—-.-————~_____

ber in which the weight of alr would“b>‘lessthan 35 per
cent due to.t,hrottlingo“fthe air by the-throat, approaches
the clearancedistributionwhich would give-thepertial
combustionrequiredby,the,”~~ecombustionprinciple..There
is only enoughair in the ,chamber’to&.llow’35 per cent of
the fuel to burn in the cham~er”an,dto expel the remaining

. fuel into.thecylinder:,Th6 ~egt,&esti’ltishow that’fo!r
this chamber.volume there ls’’some,cornb\~s%iori_controlas in-
dicatedby the l@w expl.o’sionp~ee~ures’.,.’ ,,

,,
,, The cornbust.i.o~,,&pc”k‘Ls,,glight qnd thei%ii~”~sof“pres-
sure rise as.det.e.rmi’n~~””$.r,o@”,‘~fi,g’~ndjc’&t@‘~~”r~s’’’~r”~.c’o&
para.tiVely 10IVand nearly th~”’sa.~e”for’”~~.e“&~rnber’and”~,y~-
inder. The heat loss to the coolingwater is also small,
being only 21.per teat of the totalheat inpfit.Com~aring

*

r
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the above characteristicswith those of the other chamher
sizes tested, it “canthereforehe seen that the 35 per cent
charaber&istrihutiongives the best combustioncontrolwith
a minimum sacrificein power.

Effect of speed on mean effectivepressures fuel con-
sm~ion ex-closion—.-. pressure,”and motoriil~characteristics
~~~.~.~~~bers). __- Tigyire-9 shows the general effect of en-
glae speed.and air-flow-VelOcity““onm“ie;’p.””andfuel con-
su~rption..The effect is.nea”rlythe same for all the chan-
be~s with the optimum speed var’yingfrom 800 to 1,200 r.p.m.
The larger cham%ers,because of a more intimatemixture of
a larger.quantity of fuel and air, developedthe most power
and the lest fuel economy. It is believed that the great
differenceshown by the curves for the 20 per cent chamber
was caused by insufficientair in the small cham%e~.

The explosionpressures of all cham%ers.”(fig.10,)in-
crease with speed because of the better mixtng of fuel and
air and resultantfaster ‘burning.AS t’heengine speed”in-
creasesthe air-flowvelocity increasesand the fuel-spray
dispersionincreasesslightly,therebypromotingbetter
mixing. The 20 per cent chamberwith small-passagearea
confinesthe pressure to the chamber,giving the h~gh chamb-
er and .1OTVcylinderpressuresas shown.

FigureJll shows that the variationbetweenthe f.m.e.p.
of the di$?erentcham%ersis negligible. The compression
Pressure,Peaks-atapFroximate2y1,500 r.p.m. because of the
inductioa.system characteristics. Th% pressur”edifferences
%e’tweench.ambsrand cylindervary %ut little for the dif-
ferent clearancedtstrihutionsand indicat-ethat the re-
strictions of the yassages to the compressionof the air
are nearly constant.

Effect of speed on combustion’characteristics—— (50“per
cent C~la~;lber).*-I?igureZ2 shows that enginespeed has.-—.-——-
marked effects on the combustioncharacteristics~ofthe W
per cent chamber. Cards from the other thbee combustion
chambersgave trends similar to those shown in Figure 12.
As the ecgine speed increasesthe “velocityof air flow in
the passage increasesand t-nemixing of fuei and air in the
chamber is more complete‘Withmore rapid combustionand
higher rates of pressure rise. The &~ccessive”engine cy-
cles varied aS the engine sonnd clearl; indicated,so that
the points on t-heFar-a~~oroindicatorcards are widely dis-
persed,,especiallyat tke pressure p--ealrs:i$’herates of

.
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pres,sure’riseobtaiied“arethe,maximumjsince onlythe l.ead-
‘ingpoints are ,taken. Apparentlyt.h,erate of pressure rise , _.-.
‘Aid“knockdo not vary to~ether.,,becausethe rales of pres-
sure rise are less at the lower speedeand the combustion
knock audi~ility,~,eqainedcons,t.silt,

.......... . . .. .“.,--,. ,.. , -.,,
-’.-,.“~“~ The poi”ntof,,sta~t”’ofprq,s~ureris,bindependent upon
‘t’~einjection,advanceangle which is theearliest permitted
b~’allo,wahleknock inte~nsity.. ... ~he start of pressure rise
“v,ar~ie,q’:~,from”approximately10° A.T.C, at 600 rqp.m.to 20

‘:;~A.’T,C’.:jtt.t1,800 r.p.m.“,”Theignitionlag measuredin sec-
,’o:nds’~ifi’’(reducedo~e-halfby an increasein engine speed
‘“fpjorn60,0ta ,1,20Q‘X,pom.,,”primarilybecause.ofthe better
,,*fTu:el’,and air‘mixingcaused by higher velocityof air flow...

... :;:..’ ..

Tie combustiontemperatures’as--measure~by thermocou-
.

y,l,esipthe chamber and cylindershow ~n increasein tem-
jp.p~a”t~~eyi~~ sPeedc It is believedthat this trend towards
higher,t:empe;raturestat,increasedspeed is due to %etter c’om-
bust.ion.’c~us’edby the increasedvelocity of air flow with
speed,.This observationcan not be definitelystated be-
cause of the lack,of sensitivenessof the tlmrmocouplebused.,
,tn”this work. .

Motoring indicatorcard.———.. — _______________ -l?igur&L3 shows a double
indicatorcard taken at 1,500,r.p.mi when u~-ingthe,”50per

4‘bent’chambeyassemtil~~~The ,differeucesPetmeenthe cimds
from the fopr ‘clearancedistributionsare smax.1.Below an
engine:s~~dd of I,ooo’r.p.m.” the differ.qQce_hp\wecn..the ,.’~
chamber.an$”,cylindercards was’less.,than-,th~.di.spersim”Of
the poidts,onthe,F5rn%oro indicatorrecord~,,In Tigure 13
the maximumpressuredifferencethus indicatediS 35 pounds
per-squareinch at 1,,500r.p.m. The m~ximum.pressure dif-
ference,in favor of the cylinder,occurs at approximately
20° B.T.C. The indicator~ard~ are too imdfstillctat the
tops to gtve any informationas to the manner in which the
chamberpressure finally rises higher $hanthe cylinder
pressure. -. —

CONCLUSIONS
,, ;..: ,

.,,- ., ..
.“ . . . ,,

> . ,-. ,
. .

.-.

Tll:e:.?e,sul’t”aok this inves”tigat.~ori.sho.w-:thatfor t~~ &e-
sign of .c,o,~bust.i~nch,am.be-rus.e,din.theso tests,’t.h”e“tiinimuo
~tixiliary,,cha~bervolume for good performance:IS 35 .p’”e”r‘c”eht
of the tOttii“cl”earaticevolume; for greaterpercentages,the

1
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improvementin performanc~,,,isslight. This size of precom-
bustion chamber is advantag”~ousbecause, comparedto the
other sizes, it has the lowest explosionpressures,medium
rates of pressure.rise~,-,and. least combustionknock.---- .,:. .:.

,
The‘vari5tion‘in,precornbusti.ondhambervolume as the

‘ clearaacedistributionwas‘vaiiedhad a negligibleeffect
on f.m.e.p.,compreqs$on~ressures, and.relativecor~pres-,,
sion.temperatures.~owever,.,~hisc?+angein auxiliarycham-
ler size’withthe resulting’change in-thetotal surface ex-
posed to”the ga’sesof combustiondoes affect the heat loss-
es to the coolingwater and causes them to’”vary;tiiththe
size of the precombustionlcha~ber, .,,.,, . ..,.. .. ..-m. ..’ .

,, ,,
“Variation‘ofclearancedistributiononly for a fixed

,.

ratio of p~comtustiori-clitirnbervolume t“o“connectingpas-
sa~O areqdoes not.exercise,suffic,ientcontrol over com-
bustion or eliminaf&-50mbtis.t’ion“knocfi~. .’.,... . .,,.. ,.. .. . ,.

LanCleyMemorial AeronauticalLaboratory,
NationalAdvisory Committee.f.orAeronautics,

Langley Field, Va’;iOc’to%er26, 1932.
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