jteclE, o et the prm'iuuﬁl::.'-utnteﬂ minimnm surface/ volume requirement,
would sgain be a spherical segment — with o radius that provides the tolal
volurme, added with that from the ¢lerance space bebween piston and squish
b, Lo mive the desired compression Tatio,

The clearanve space bebwoen pston and cylinderhead must be enough to
avoird contact at high engine speads, yel close enonzh 1o keep the mixiure
heldd there cooled during the combustion proGess. This vertical clearimes
hetween squish hand and piston should not be greater thaxn 0-inch, and it
is my opinicn that the mindrim should be only barely enongh o prevent
contact — uspally aboit 015-inch in smoll enginus {with tight bearings amxd
eylinder/ rod combinations that do not grow, with heat, disproportivnately }
amd up o ahout (5-nch in big engines.

S disasreement exists us to the validity of claims that the sguish band
sitls comlbmstion by causing turbwlence in the combustion chamber as a result
of Uhe piston “soquishing purt of the charge between itself and the bead.
1 dort know about that, but T do knew that hotding squish pand olearance to
o rictiomam means thit thore will be the sron[lest volumes of end-gases cseaping
thie cursbus bon proeess, aud that con he mere imparlant than you rmight think.
For example, & 250ce cylinder with a fall-stroke cosppression Tatio of 10:1 will
pack its cobire airfuel charge into a velume of only 28pe by the lima ils piston
reaches top renter, Assurning thut il has u S-inch bore, sl a S0-percent spish
Thand with a pistou head clearance of 045-inch, then the volume of the charge
hiding in e squish arca will be in the arder of 3.60e, or almust HW-percent of
sher tal, That eun be reduced o G-percent mercly by elosing the souish hand s
clearanee to (30.inch — and you'll never find an easicr B-percent hursepower
Jilferenee. ‘True, the difference measured at the crankahiaft might prove o be
e like 235-percent, but the additivn of those smll percentages can make a
very lurge Bual difference.

PLUG LOCATION

Tests have shewn that the hest focation For the spark plug s, by amil
krrge, squarely in the center of the combustion chamber, aml with ils gap a3
elnse to the center of the volume of prapped mixture as possilic— which is
logical, as that position provides the shortest T trave] inadl dlircetions.
However, a number of other comsiderations do intrude. First, the plug gap
will neressarily he at the periphery ol any part-sphereial chamber, and nat ak
its center, and oying to fornn & nob in the chambuer roof = to save the phig
deoper fnto the mixlure volume — will upset the chamber's surface/ voleme
cation Secondly, moving the plug too close b the pistomn seems o cilise 4 loval
ovepheadug of the piston Ceow, which can impose an unneeessarily bow vel-
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BT D11 Commpressien ratio.

This last consideration had, nompmny nEtnoes, Texl elevelopment coinecrs
I 1ses combastion chambers with forms that allow the plug to be pesitioned
well wway From the piston: modifiad apheroids; conical sections, ete, Also,
chambers with higher rools {like those shaped as cones ) with their spurk plogs
up ab the top and the broader hase down at the piston, provide a slightly
Slower pressure rise 23 combustion progreses, and are in conscguence a bit
meore kind to hearings. Cher switches in plug location may be il ine the
interest of easing the job of phig replcement: it 3 diicult to change a plug
cenbered in the evlinderhead when the botlom of 2 fnel tank, or frame tube,
is direetly overhead.

Fortunutely, most engines usually are velatively inscnsitive to phus Joca-
tion 23 lomg a8 the gap it moved too clnse o the pisten. Which mises an
interesting point: The common practice of shaving material from the eylinder-
hend's lower surfuce not only raises the compressien vativ, and thus the
Hueernal bocel om the piston, bul it brings the plug gae cloge to the piston crmy
— pompounding the problem. A betler gpproach to obtaining increises in
comprossion Tatie is to purchase 2 eylinderhead developed to do the jab
propucly, ¥amaba's GYT-kil heads, for cxnmple, provide the right compression
lonst, have their spark plugs properly located, ele. Cther s for-the-jeh
cylinderheads offer the same familamenta] advantage, which is that you get

Cantcal combiston chambers rednes thieginal laads on the piston and mechan-
fonl loads om md snd hearings, bul have pocs seiioe volugme clwracloistcs
ad pive o oo-brmaed squich o Tae o Heriesl,
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BLeat fnput fln the piston tends Lo be highier on its exhomst-ocl glele. 3oving
the cnasluston dlamber vrer (o the intake side will hiekp bafanes dw theml
Kol and peermiit Righer compressicn atias.

to buy a Iat of other poople’s en gineering &t o very luw enst.

Nt all eylinderheads have thuir spark plugs aod crmbustion ehamber
nockeds centered over the eylinder bove, and there ure goodd rensons for most
of thus variatons in ferm one sees in the prodocts of the mujor manutsciorens:
Fur instanee, piston crown temperatures seldom are even, and while the
owerall temperamine distribution patbern is nnderstandably inclined towarid
maximums in the ceater of the crows, ciroumstinos N also lend o bias
soward the exhaust port, That bins comes nol from any heal-inpuk pattern,
Tut ather from the mannue inowhich e piston crowi is cowlised — by heat
transference inta the air/fuel miature below, and into the piston zkirt, from
whimes it is transferred out inte the eylinderwalls, Cooling provided by the
tarbulent crmbkense charge is more or Jess even; the same canmed he suid of
hewt fnsses inte the evlinder, for the temperatore gradients aroundd the cylin-
der's walls sre most wreven, The area around the exhanst port is hotter than
that hack gt the intake port, even though the exhaust-side of the cylinder is
in most instances the recipient of the dircct conling-air blast. Moreover, the
pxhaust-port side of the piston skirl is Luthed in fire cvery time the porl
ppeens al the tnd of 4 powss stroke. The pverall result is to move the madmum
temperature point on the piston crovn tonweanrd] 1he exhawst pork

Maow, when that maximum temapderiione bias hegins to sepiowsly overheat
the side of the piston, you are likely to see some sovere piston ring problenms
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develop: Ten-high temperatures will eventually be o disaster for the ring
itself, bt more often it will not have u chanee to show its displeasure broause
annther disasteaus situation will already have developed, with the lahricaling
nil. Sometimes, if a relatively high wsh-content or inadequately de-gummeld
ail is used. the ring will be ghied solidly in its groove by varnish and car-
lenized oils, More uften, the temperatures prevailing in thut section of the
piston skirt adjacent to the wxhaust port will canse a breakdown of the oil flm
in that area and the piston will seize, And this can happen even though o
simercns margin of safety still exists all around the rost of the piston skirl.
A cosnom, saed highly sensible solution to this problem is to move the com-
Bustion chamber pocket away from the bore axis, toward the back ({ inlet) side
of the cylinder, This measure shrouds more ol the piston crown's exhans| side
under the squish band —which becomes erescent-shaped, instead of being 1
symmetrical ring —and reduces hest input there from combustion | the skirt
will still be getring plenty of hezt when the exhaust port epens) enough to
pravide a more cven distribution of heat arcunil the piston skirt, Then, with
piston-skint tempeeatures pvened-oul, a slightly higher comprossiva rabo may
e e without incurring seizure, or loculized overhenting of the piston ring,
There is snother solulion to the problom that has anthing whatever 1o do
with the cylinderhead: vou simply add metal to the piston erewn, and that,
taa, will temd o squalize skirt lemperatures — bul it also makes the pistun
heavier. Tven so, it is o solution mueliloved by mannutucturers, a3 adding
Mickness in the piston costs victually nothing, while any departure from
gymmetry in combustion chamber confguration entails mualtipls machining
sperations | il being extremely Jifficult to cast, with sulficicot aconrucy, the
comhustion chamber’s small volume ) and machining lime i expe GEVRSES
There may be another reason Tor employing s asvenmetrieal combustion
chamber, andsor relocating the spark plug lrom its normal pesition over the
bare axis, 1n loop-scavenged two-stroke engincs, the fresh charge is divecte:d
upweard, and af, the vear eylinderwall, as it cmerges fronn the toapsier porls.
Ideally, the mixture streams Converge and sweep up and over at the top ok
the cvlinder to clear away exhanst products und push them ont the exhiaust
port, Fallowing the vear eylindervall upward, and then curling back smoothly
under the evlinderhead. In practice, the scavenging strem tends Lo b much
less ardered in its habits, and the general turhulence can make it leap and
dodge all aver the place, impinging strongly at one point and only eddying at
others. This feads, in some cugines, toa reshaping and reposilinning of the
comnbustion pocket — the purpose of soel changes heing to aid scavenging by
vsing the cormbustion chamber's form Lo give the seavenging stream direction.
In such cases, the spark phig may also be moved to o position where it will
be washed hy the mixture steesa, which tends to epol the plag bebween
firings, and thus make the engine somewliat less sensilive to pleg hest range

45




Alsw, a5 noted belure, the plug may be moved away from the combustion
cheunber venter to create o slightly langer path for Hame travel, which lowers
the rate at which pressure in the eylinder rises during the combustion process
and. in some instances, makes for smoother running. To & lsser extent, the:
e Ieeatment may be used to combat & terdeney towand detonation, as the
lower pressure-rise eate gives all the pockets of end-gases time to lose their
heat inte the surrouading metal, This last effect is, of course, better ohtained
with & comical combustion chamber, rather than by ntfetting the plug. Ineci-
dentally, moving the spark plug over too clese to any edge of the bore is
usvally poor practice: At times, particularly when starting Trom cold, the
piston ring will serape oil off the evvlinderwalls and pitch it up at the eylinder-
head, and if you place the spark plug in the ling of fire, it definitely will show
a weakness fur oil-[ouling,

HEAD/CYLINDER SEALING

A major problem with evlinderheads on high-mutput engines that began
life a5 Tow putput engings is persistent leakage around the head/evlinder foint.
The combined ineeeases in temperature und pressure seem always to e ton
gch for the joint, and you will fnd cvidence of fire pulling past on the
surfaces after disassembly even thaugh vou may mot lave abserved anything
vt of the ardinary when the enging wis running. This leaking will pocur even
i yvou have retained the enging's stock compression ruticy and it may becomne
vury sevious if the head has been thinned to get a Cumpression ritio increase.
Muny manufacturers, perhaps most, feel some awful compulsion wo skimg on
seedion thicknesses when they make a evlinderhead, o hahit that often stands
revealed a5 o questionable econnmy when von es! their handdiwork onow
dypamometer: first, the thin section: aften do not have the cross-sectional
aren rvequired Lo transfer heal away from the iead's Jower surface quickly
cnough to keep the spark plog tenperatores stabiliveds seeomd, mnat of these
cylinderheads are secured to their eylinders by enly four widely-spuced
bolts, which presumes heavily on their heam-slrength bo maintain a tight
seal at the joint,

This last siluation becomes especially marginal when metal los been
machined away o maise the engine’s compression ratin, and the stock head
gasket {usually cut from light-gauge, salt aburninnm) will in muny Gees not
be strong enough to hold even the pressure ncreases invalved in a simple
switching of exhaust svsters, Shave the head (which Lath weakens Hie
head's beam strength and increases the forces acting upon ity and ol verey
likely find that it beeomes impassible to hold the head/eylinder seal — the
pasket will f2il after only minutes of running, Also, attempting L use the stock

46

ovlinderhead, in either stumlaed oo onodiBed Eoeen, often swill fnerease ELITEN [TE
input arcund the spark plug to such catent that the crigine becomes impossthly
fusev olbout plug heat range. Use a plog eold encugh to aveid troulle al
maimnam matpuk, and iwill foul al anything les than Full-throtth: operation.
There is nothing like masses of melal to equalize the tem perature pradicnts
through the oylinderhead, and — gad to suy — those masses &ne oot prinded
i mamy stock ey linderheads,

Cylinderhead design slio ean strongly alfect oyl oylinder conling.
When the eylinderhead's lower surface s cooler than the cylinder itgelf, heat
will be drawn away from the Jatler; conversely, & evlinderhead can also put
heal inta the cylinder if the situation is reversed. All things considered, he
enging’s best interests probably are served by isolating, to such extent s i
possible, the cylinder and head —which means restricting the contact area
at the eylinder ‘head joint Lo & narrow sealing hand which bulges I encompass
the hold-down helts, or studs, Tn that way any eooling problems will be
isolated, and can be dealt with separately. That, of corse, assumes that it will
e possible to improve cylinder cooling should such improvement become
necessary, Actually, making a new cylinderhuad s fairly cusy {it can be either
cast or simply machined from a block of aluminum ] while the eylinder itselt
presents a far more diffionlt problem in Eibricalion. Sooyon may very well
weant b mse an oversized, deeply-funed cyvlinderhead to belp coolbu partizlar
enaine’s stock, cast-iron cylinder. And if that shonld be Uhe case, remember
that vou'll nesd a mwaxium vonlae! arcs betwesn head and Lareel, s
surlfaces that will seal without aoy kind of gasket. There s a very sharp
lerprrature gradient across any joinl, amdd cven # solid copper guskel presents
one Tore pair of surfaces actoss which heat ps! flow,

You may find that providing a seal between the lesd and barrel is one of
the muore difficel Facets of the overall job, As [ have said, stock aluminum
gaskets are almost certain ko fail, being a bil weak at ambivnt lemperatures
amrweiy —and impossibly frail al the temperatures to which they will e
subjected. Copper 35 a bettor material, for while it is nearly as sobt as almminim
At ambient, its hot-strength properties are better. Capper is solt enough to
make a good gasket in the aunenled state, but hardens in use, and must be
re-annenled frogquently to keep it soft and s vetain ils properiies asa skt
Brase should never be used as a gasket malerial, bul steel may he used il it is
verv thin and has one or more comagitions golled, in rings, aronnd the hore —
in the manmer of the head gaskets used in some otomaobile engines. You can
alse get a good seal by machining a nareaw groove i the eylinder's upper face
and inserting in it u soft copper ring (made Fram wire) 1o bear against the
head's lower surface, Other, even better seals may be hud with gas-filled metal
¢Y-rings, pisten rings { theyll work here, toud anl one of the best sealing rings
e seen has a Veshaped seetion, laid on its side, with the Vs point atrned
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Slerens Diere is 5 eolled-steel liesd gaeket [AD; a sl copper wive lonztmd in o
Culi I__H]: a hibloaw, gas-pressorized Oering (00 and & Vesection staindess
semling ring aluo sealad by gas prassure [ D,

ey from the bore. Gas pressure mies to foree the ¥ open, brivging one aem
by sl down apuinst the evlinder while the other s presed agains the
evlinderhead. Aunther sezling ring that works in roughly the Sone Fashion
5 o hellow metal O-ring with vent-holes drilled through Brom its inner
dismeter oo udmit @ay pressure from the eylinder — which expands it onteard
andd by Crentes o seal even hetween somewhat unaven suefaces.

Promineal commpression ratios, as T have said hefore, have little meaning in
high-outpuat bvoostroke engines. Flowever, you can work with frapped com-
pression rakios almost as clectively as by measuring cranking prossures, An
enging’s tapped compression ratio is the ratio bebween the eylimder valume
atthe moment of the exhaust porl’s closing and the volume with the pisten at
the top of its sircke, T find this, you must first messure the combustion
chamber volume, with the piston in position ot top center, The job can be
dome with the vnpine assembled, vsing o graduated exlinder and pouring in
vdl until the leve] comes wp to the spark plog hole, O you con calealate the
wvirlwenes, When the combaastion clamber bges i :=-:i||'|[:|t|'.“ :=i]1;1]_‘.rc iju.rt-&ph-::ri-tﬂk
conical or eylindrical) I prefer to de the joby by caleulation, but mome complex
shapes send mw scurcying for 2 ean of oil and a graduated eylinder, In fact,
the process of aclual measurement may appeal o you os a regular thing,
becanse you will need a graduated eylinder For more than this single task,
and s slide-rul; may wat he a purt of your busic equipment. In any case,
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renember when Begarimg e congression ratio, that it i maof the rabie between
piston displacerment and combustion chamber volume, but bebween evlinder
volumies feom the point of exhust port closing to top conter, as in the follnwing
Foarmmlaz
i
ChL=— v,
Where CR is compression ratio
W, iz evlinder volume at cxhaus! closing
V., iz combustion chambasr volume
Traditionally, compressien ratics have heen measured "full stroke™. That
i tnosay, Vo would represent the enmbustion chamber volume plus pisten
displacement from boltom center to top center. Thus, a combustion chamber
voleme of 28ce and 2 piston displacement of 2500, calenlaved full-stroke,

ol be
250 = 28
SHEE
ChR = 8830 :

Eut u far more realistic fivure is ohtzined when ¥, represents the eylincer
volume above the upper edge of the exhaust port, and if we aswme that our
Typothetical engine has an exhanst port beighl equoal to 45-percent of stroke,
then W, hecomes 55-percent of piston displaes ment plus V., angl calenlation

e lika this:

o LEEXZ) 428

e il

CH = LA1:1

Cuoincidentally, that compression rutio {5.891:17 is very nearly all a nen

squish combustion chamber will permil inan otherwise fully-developed
two-stroke engine. With small-bore engines vou muy push the compresion
ritio up b perhaps 8.5:1 withoul seripes consegquences, Wsing o non-squish
evlinderhead, but that is very near the limit. Cood squizh-hand evlinderheads,
on the other hand, permit compression ratics up toas much as 3.5:1 in moto-
cross engines with exluust systess that provide 2 wide hoost without sy
substantial peaks, but for voad racing engines 1 cannot reeommend anyvthing
above 5.5:1 pven when it evlinder size is only 125ce. You will find that
higher compression rating than those suggested con prosluce marvelously
impressive flash readings on a dynamometer; as scon s the engine bas o
chance to gel up o fll tempeeatore, the output will drop well below that
sustaincd by an otherwise identical engine with o lvwer compression ratio.
Sustained, and not Rash horsepower, is what wins races.
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