Two Stroke TUNER's HANDBOOK

fuvorite ploy of “milling the head” has Rallea inko disrepute. Buak it also i=
possible tu encounter trouble without recofnisnge it; Thoee 5 8 ﬂ!‘].if.'htlﬁ
Em[,-mm between guins from incrcased Compression miling and 1-;:xri|:5 :iur.: ta
incroased tempemtures —which appear not ooly a1 the piston’s interior, but
ulse thronghout the crankoase, crankshaft, Tod ad all the rest of the Lﬂ:g‘ine’s
interior contacted by the aic/Tuel mixture, When these ;.mrlri arc hotter, the
]"ixl:n'c'h- buensperare jsalss mise r1, ‘.'L].ﬁll[ll_%_‘-‘-"i.th il B enloernne. -|.l'|:;.l.l-.‘= lhl'fll'l'l-'i}i-
ture’s temperature-induced effarts to cxpand inevitably faree -mrtlu-!' it out
the exhausl port, and as power is reluted very elisely 1o the :w_-i.:.;'h'l nf e
charge capluved in the cylinder, this beating shanes ||li'| s L;mwr lews. The
trick is 1o balaoee ceankease heating and compression ratio, There is an
optinmm combination for every set of conditions, Tut finding that ;:;athsmm
without heat-sensing equipment sand a dynanwmerer is creeedingly dificult.

THE COMBUSTION PROCESS

Nol tan surprisingly, the eguilibrion desoritaed i influenoed by combrsion
chmmber desion — ps is the point at which st Taruing ";1.1-:: wuy ho the
oulright explosions we eall detonution. This axpees, o, is '-:'.ixli--lv 'l.'rIWtI'r'i'ltDL!l
bt st widely uncderstond. In truth, most peapl ];;.1-.- s I]illtll-r I.-I.I.'HJ.L‘:I:
standing of the cvenls that Fallowr ignation; voents thal aie By i'n.'n lex it
f:tlnt]ied with regand 1o their chemistey bt realle guite :-II'.I.:‘"|:hi';I"t'l'ii;'lll tui'&f'ﬂ
inn less narrons terms. Much of the misimdee i t]...r.-nim T bﬂe.n
ereated by the popolar press, which inststs upon m‘-'im.-?l':-.l.*. a ]li.-:ll.m iEILEri'-'F;I'I
dawnveurd on it power stroke by a uarning l“'i"ill.il'l".. T reatitw, tliee Larsin
af fucl in the -:‘rl.r'lindc:r is si]]:pl':' A Teans ok rrisione 1l I.-||:||_1|.'I'~|t’|2|.l.'t: of thi
working gas ¢ air; acteally g mixiuee of mwses ¥l ‘.||.|_-|~|_"||1.' rikeien iks ['ll'll‘i'“!lf'-‘-’
This relationship was Fornulated Tong oo by Ban ey i e
- F. Ty .
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where, of course, T is presaure aod T is femperatoee, The wliols Tnsincss gets
complicated in the intermal eombustion engitie T e dlunzes 1'1~| Iin: :'1']ittfaf.ﬂ
contents due to the combination of elements in e -.-.wk[nT- i 1% wilh.}w.:l bt
it :l:'rill basically is o case of rising the weorbinge sy lL"l":l;.:I"il.tl'ln'.' el I'I|'n:ls
raising their pressure, and it is that which Pk thy pristuss o woud akes
the horseposrer, In fact, 1_1umingwi11 Tawwer Boearn 1] Tiad 4_~;'|r||l'|-|-e‘|:l:'l'.! by Ll time
the pisten starts downwrard on its power stecke e

Here, for anvone who eares, is what bappens Do e moment ol igndtion:
Several thousandths of an inch of travel betore the piston reaches the top of
ity compression steoke, represeoling someswhine b lwern ED-. ] AB-clegrees
of ceank ratation, the tapped vic/fuel charge is frnited Ly the spark pill; and
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barning, enmmences. Al Erst, the process procecds quite slosly [ oclative ta
subseruent crank rotation hofore TG, A small Tabblie of fire expunds
genlly away from the point uf ignition hetween the spark plog's electende
and ground wire, and if all pombastion wers Lo oonline af this paece it would
paedly be complated in time for the [ollowing compression stroke. [lawever,
this snall e guickly heats the remaining mixtare epough to cnormously
incrense the rate al which huming oolurs, and after the initial delay, the
flame-Front accelerates outward from its point of origin with ever-increasing
rapidity — swecping throughout the combustion chumber. And if the engine
has been given the proper amount of spark advance, the piston will have just
moved up tothe top of its stroke as the mapid phuse of combustion Lagrins, s0
that the bulk of the buming is done while the piston is virtually stopped and
the mixture compressed te minioum volume. By the time the crankshakt has
rotated a few more degrees, and the piston (s onge again muving dovemavard,
the combustion process will have been almost enticely completed.

The preceding is what happens i bl ool course of events; combusticn
does not olways occur that neathy. The most eommen, regrettable combusion
irregnlurity is detonution, the hacsh Ynocking you hear just hefore an engine
srimes, or melts a piston —and the nole vo would hear, when running o
pRgine on a dymamuemeter, as the necdle on the scale Terging an amings
retreat, Unhappily, the very process by which the misture in the combuslion
chamber is pre-heated before its actual contact w i1 the Name- front advaneing
from the spark plug, and rapid combustion thus made possible, is the process
that may whso lesd to the sudden cxplosion of the combustion chambear's
comternits that we eall detonation, Here's T it happens: T hias alveady bzen
noted that as the fame-front advanees, the combuslion chambers remaining
smburnctl mixture is heated, and this hesting is causcd not anly by dinect
contact with the Aame, bt also by radiation and the pversl] pressure rise
within the chamber. I the temperature of this remaining mixture is raised
to ils ignilion point, Al of it is eonswmesd al the sane instant in o single
explosion. This explosion creates 2 shock, due to a fantastically rapid pressure
rise, that sirikes out against all its surronndings hard enough to make detan-
tion" churacteristic knock —and it is a shock with a foroe often sutlicient 10
Treak the apark plug insulator's Hp and damage both the piston and bearings.
Even o, ite worst effset is to force a lot of heat out into the piston, cylinder-
head and the evlinderwalls. These are thus bronght to almormally high
temperature, which tends to averheat the nest air fuel charge and make it
detonate even mers quickly and severely.

Should this detonation eontinne, it will averbieat the cugine’s upper end
to the point where iznilion oldurs hefore thore is @ spark: compression heats
the mixbure in any case, and when a lob mure Lt is added from the piston
erowm, ele., the mixture will be hrought o "pre-ignie’, Cetanation huas 2
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Two Stroke TUNER S AANDEUUT

In fhis counbustian chanber thore is oo sguish band and (he spark plug iz oll-
st Detpmntion will iy when pressase, and hral radia tng ahead of the Flanae
fromt, ease b cnd gises do gk,

very bad effect on power output; pre-ignition { theught by some ta he the
sume phenomena) is even worse in Lhat regard, Et will ot long oontinue
unnoticad as it will very rapidly overload the piston —in both the thermial
and mechanies] sense — heyond the point of failure. Knowing that, you will
appreciate thut delonation is to be avoided if at 211 possible, Qae way to awoid
detonation would he o simply hold the eompression ratic to some very low
number, as they would reduce the pre-combustion temperatores and therehy
muke detonation unlikely i oot impossible. But that method is mipgtly | the
exception T will deal with shortly | bua expensive i lerms ol power-outpul
efficiensy, A hatter method is one cmploved in nwst engines today: nse of o
“squish” type combustion chamber, in which the mixbere is trapped inoa
small pocket under the spark plag. and the rest of the evlinderhead surface
over the hore is made to fit closely auainst the piston coown when the piston
is at top venler.

We have England’s Harey Ricardo to thank foe this type cembustion
charnber, which he created to cope with conditions that cowsedl toexist long
before most of us were bom, During the conllict that wracked Europe Just
alter the turn of this eentury, there were not only shortages of intemal com-
bustion engine fuels, but the Toels svailable were of vory poar cpueatlily —and
would detonate severely in the side-valve engine of that pericd unlass the
engines were operabed with amnuch-relarded spork, or thoir compresainn rkies
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Combistion chambess with contally bocatrd spark plugs and squish Tavreds
miver i slyort Hason bravel ine f compact mixtuce pookel; the el mases, being
ine thin lzyerz, are w0 s pldly ceolesd b ignite.

Yrrered to about 41 or hoth, These measares Tad a terrible effect cn fucl
seouery, matueally, and the problem Jed Ricardo to do seriows researneh inio
the natre of detonation. We aow koew that the siceswalre gngine is par-
Hewlarly prone to detonaton, as it of necessity has o very long eomninstion
chamber. Tgnite o fire at one end, and it will be o lom while reaching the far
cormers of the chamber. In the interval belween jgmition and the completion
of burning there is ample opporlunity for the unburned part of the charge to
overheat amd (gnite,

SQUISH BANDS

Ricardo solved the problem, once he had determined ils natuee, by
lowering the undemside of the eytinderhend in thal part af the chamber pvur
the piston. Thus, most of the mixre was concentrated vight at the ignition
eomree, snd would be more likely to burn without detonating. The small part
of the mixlure caught hetween the cylinderhead’s sepuish band and the pistan
wag still subject o compression heating, bot was Fairly effectively shielded
(v mwelinticm ond was, morcover, spread in such a thin layer that it would
resist ignition from any cause —as i wold Luse heat into the relatively col
piston and eylinderhend too fast bo ignike.
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That still i the seerel of the squish-type eylinderhead: TE concentrales
the 1tin charge in a tight pocket under the spark plug, and spreads the
rigture ol the eylinder-bore's edpes Loo thinly to e haated te the poink ol
srnition, These “endl pases”™ do nob burn with the main charge, and are only
partly comsumed as thu pistom moves eway from top ceoter and releasss them
fenm their cooling contuet with the swrroundiog metal, And right theee is the
disadvantage thal comes with the spuish-band cylinderhead, for mixlure thit
Jaes not Lurn is mixture that contribntes nothing to power culpul. 0f losser
importanee, though oaly in this contest, & that these end-gases contribute
hegvily to the release of unburned lnwdlrocarbuns ont the exhaust pipe and
inlg thetatransphere, and Bar Uhat Teason automebile wanufactarers are now
relying much less heavily oo squish-band chamhers for combustion eontrol,
Your miay he interested to know, too, that in many cases & non-squish com.
bstion chamber, with its complete ntilization of the mixture to offsct the
poawer-limiting elfects af o necessarily-lower compression ratic, has proven
to b best in absolnte teems of pewer aud econommy., MeCullosh, For example,
make engines with Loth squish anel non-sish eylinderhead configurations —
having Found rhat both have their applications,

it applieation here, of course, i stronly biased bowd el msugi o Toase-
power, unil that poinls tovied & sypuish-band head —which is what veo will
Boves i mncel motorevcles in any case. 1 will warn vou, now. that it may be
prwise 1o follow Lhe old-dime tunee's halidl af increasing an viggines oo
pression ratio as a0 OpeRing gambit in the quest for Tatter perfonnande.
Indeed, belnre your work is done you may find it necessny to redlioe your
enpine's compression rutic below the stock specificalion. You sce, in the final
analysiz it is not 5o much COMPTesainn ralit 18 combustion channher pressiers
Pt determines the limit — ond these are nat at all the same things, Your stack
cnging, with 3 corburelor st amd porting choscn Lo dend it o simoath idhe and
éusy stagting. doss wumeh loss ellective job of cylinder-Alling than will be the
case after it has been modified. More impurtant, it will probably have an
pxhaust svstemn that lis more o poconniaetil ot as asibemoer tho as o booster
uf hoesepower. These factors, in eombination, make-i very great difference
between the cylinder pressures at the time of ignition in the stock andd modified
engine, Even given a certain willingess on youe part to wsea Fiiry creldd spurk
phug — changing it Frequently —amd a further willingness b ropluce pistons
and hearings mwee cften in payment for added power, it may <l be necessary
to sty with the stock specilication for ewnpression mtio. Ur_as 1 have saidl,
ta lower the cogine’s compression ratio from the stock comitivn. This last will
be pasticularly trae if you succecd in creating 2 much botter than stock
cxhanst systent.

By and large, you would ke well-advised to ignore i whole business of
compression ratios in Favor of cranking presseres, There is afrer il 2 big
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etference bBoetween i kinds of pombers you get by perlurining the trichitastial
caleulilinns to Gnd compression ratio, and what is happening as the engme
torns, My experience has been that you can use cranking pressures of 120 pel
withoul worrying much ahout overheating anything, Maximum power will
b ollzined al cranking pressures somewhers hebween 135 and 165 psi. Guing
higler with compression, in & eomventiom:l motoreyele cngine, can give i neit
boost i low speed loryue, but the thermmal repercussions of ligher cranking
pressures will surely limil maxirem oufpt. O the other band, fan-cooled
kart engines perform very well at cranking prossires uj at 200 psi, and water-
croled engines behave much the same-

Cine of the mast undesimble side-effects that comes with tou-high vom-
pression Ttios is an enormous ditficulty in getting an cogine to “carburet”
cleanly. When the comprossion catio is teo high, you'll find that an copEing’s
mixture-strength requitement has o sharp hump right sl its focgue peak that
o motereycle carburator can accommodala. Your'll vealize, after working with
high-output teo-stroke cogines, that all of them are to some degres Tigquid -
comled — and that the eooling ligquid is gasoline. Tt iy true that an over-rich
mixture tends to dampen the combuslion proccss. and rednoe power, bat
here again we find curselves faced with the necessity for finding a balince
hetween evils: We Lave overheating 1o rah power on onc gacle, unel we can
conl the engine with gasoline, but thoe mnch Eusl also robs power. The salulion

FUEL DELIVERY ——=

Carburetors produos @ mistere of neady constant strength, but an expansion
chnmbers boast capahility varles wilh enging s sinel oy abter the engines
picbuee teouirernent whove nnd Lo what the carhacelay aan aehally deliver.
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i 2 beggar's choice, in which we try to find the eross-over point between over-
heating and overaich mictures,

In an engine intended purely for rosd racing, with 2 toeque peak virtnally
enincidentul with itz power peak and driving throupeh a very clozse-ralio toins-
mission [enabling the rider tv hold engine-speed within oarrow limits),
matking this buggar's cheice is a fairly steaight-forward proposition: you play
with jetting wnlil the motorcyele runs fast. However, road racing conditions
alluw you to stay righl on the mixture-requirernent bump; you don't have to
warey ahout whit kappens lwo-thowsand revs below the power peak, because
that’s helow whit you'll nse in a roce. Motocross eacing is snother matter
entirely, and an engine with a mixtyre-corve omp will drive you sbeolusely
mirdl. Jet a motocioss engine so that it doesn't melt a piston every e it pulls
hiard at its torque peak, and (if its mixture-curve is bumped ) it will be hufing
soot and losing power above and below that specd,

The answer to this problem is ta iron out that mixtare-requirement hump,
because no matter how much work you do with the curburetor, it never will
b ahle to copu with the engine’s needs, All the cathurelor kuows, really, is
hewe mouch air is moving through its throut, and it adds fuel to the air in
proportion to the mte of air-fow; don't expect it to bnow when U piston i
getting hot and respond by heaving in some mere fuel. How do you get rid
of the hump? You du it mosthy by substituting a somewhat less effective
expansion chamber: one that gives mare neacly the same bonst all the way
througl the speed range you arc obliged 1o use by racing conditions, withowt
any big surges. That will rezult in a drop in peak power, obviously, but you
ean compensete for it to o consideruble extent with {he higher CoMmprassion
ratio you previously were forced te forego in the inlerest of keeping the
piston crown intact when the expansion chamber did its Lig-boost coutine.
Again, it is all & matter of finding the alanee.

Mo matter whal the compression ratio you ultimately use, it will have been
infuenced much more than vou probably suspect by the combustinn ehamber
configuration, and by certain gross claracteristics of the head itself. Over the
vears, I have seen the fashion in combustion clhamber fonms swing hack and
fouth, hither and yon, with fiest hat-section chambers in Favor and then trench-
type chambers, and torus-type ehambers and s on e so forth ml infinitum,
T was not, and am not, impressedt. Combustion chonber Toem should be
estublished with an cye boward only @ very fow speial considerations, and
these cannot account for even half the chamber shapes 1 have seen. Tisted,
though not reslly in order of importance, these are: surfuce/volume ratio;
spark plug location; thermal foadings and combustion control, Wi will con-
sider each of these in turn,

Surface to volume ratio is imprortiand Beciuwse even in the parcl of §he eom-
bustion chamber lully expesal to the advancing flune front, there will be
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amdxture Iyyer addhering to the metl surfaces that does nol luen. These layers,
like that trapped within the squish band, are cooled by their prosimity with
the oylinderhead, o piston, and simply never will reach ignition temperature.
Angl, like the end-gases from the squish hand. they svenlually find their WLy
ot the exhaus! port, having teken ne part in the conversion of fuel and i
inte horscpower. Thas, the best combustion chamber shipe — laken strictly
from the stundpoint of surface/volume ratio — would be o simpla sphericd
segment sweeping in & continueus are rom one side of the eylinder hore to
the oppasile side. Mo tricky changes in sectinn, no squish bands, no nothing,
And that iz, in point of fuct, precisely the shape emploved in nearly sl non-
squish cylindsrheads.

Dut if you want to use 2 tmue [measured from exbanstelosing) oom-
presson ratio much over 6.5:1, on o high-output engine, combustion control
beyond that alferded by o von-squish evlinderhend will be necessary. Cons
sideruble variation is pessible, bul a good rule fo follow is to make the
cylinderhead’s squish hand abour 30-parcent of the eylinder bore arca. For
eramnple, in @ 3-inch bore — which has a total arcs of Y07-inches®, the squish
hand would be wide enough bo represent an area of just about 535 in®, Assum-
ing that wou have centered the combustion chamber proper on the bare axis,
them your squish band would be o ring having the same ouber diamerar as the
bore, and an inner dismeter of just over 2dnches, The combuostion cha mber
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Lopuish Tanes sheadd comshnate skt ball the cvlindes borg anea, $lezrenen
bebwpen pizton sl cvlinderbead showld e 5oN] be @ mimieoe b oaegad
affestivaly losing nhaut 3% af the worklngg miste:

—SGUGEH BAND
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