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JITRODUCTICI,

The double-sleeve tyie of valve for gasoline eng-
ines was invented by Ch:rles Y., Rnizht in Chiczzo in 1903
and was put=nted in the United States in 1912, A test
caT was bullt in the Carford factery in Elyria, Ohio in
1905, and the motor was used in the cars menufactared by
tne Daimler Co:icny in England in 190€. Altho it differ-
ed radically from all other valve forms that were used
up to that time, it has been aidopted and ras remwined in
continued use by several automobile munufacturers both
in Burcoie and in this country.\ While the Knight vulve is,
in effect, a hollow=piston valve tyge, it has distinguish-
ing characteristics, in that it 1s made to surround the
nmzin engine giston instead of being located in a separate
valve chest, und in that 1t is built in two separate cyl=-
indrical jwrts, By using two sleeves, necessury freedcm
in securing & desirzd timing of eveuts is secured with
the simgle use of eccaatrics instead of cams., A single
sleave may be ased if a cam or other suitable mechicnism
is desisned to oiarate ite Ur, ¥nizxht's first sleeve-
valve tatent, ta%en cut in 1910, was fcr a single sleeve
valve, Several single-sleeve vulve enzines are now be-

inz built both in tris ccuntry and abroad,
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PURPOSE AVD EXTiIIT CF TIVHSTIGATION.

This analysis of the valve action and the engine
test were undertaken in order to determine the advanta-
ces of this type of motor and to obtain a comparison with
other tyres,

Trhe ~otor was a stock fcour cylinder, four-cycle
automobile motor manufactured by the Willys;Overland Co.
and used in tre Willys-Krnight automobile, ¥odel 88-4, It
was a 4 1/8" by 4 1/2" motor with double sleeve valves,

This tyvie of valve consists of two sleeves sur-
rounding the enzine gpiston which are moved vertically
by comnectiaz rods from a single ecceatric shaft., This
eccentric shaft is driven thru silent chain drive at half
the cruakshaft speed and is made with 70 dezrees as an
anzle of advance between the eccentrics of the two sleeves
of each cylinder., Torts are cut oprposite to eazh other
in each sleeve, one of which serves as an, intake rort and
the other as un exhuust port, The positicns and widths of
these ports corresgond to the determined best valve action,
The valve action is cobtained by the rorts in the sleeves
rassing each other and the cylinder wall iort at the de-
sired time. The gurposes of the stuiy of the valve action
is to become acguainted with th= orizinal methods of det-
ernining these gositions and to check the results obtainesd
from the theoretical design,

The engine test was necessaurily reduced due to the




fact trhat the maximam speed trhat tre dynamometer could

te drivsn was avout 1400 r.p.m. Thiz resalted in the
curves being only raurtially drawa end deteriorated the
extent of tne comparison with cthier tyires of motors,

The test was run to chtain curves bstween tihe Bruake
Herszicwer end the Fuel Econony, and tne R, P, M,, =nd
these were comienred with those of metors with other ty.es
of vualves, Tests were run with four carburetor settings
to corres;cnd approximately to 1/4, 1/2, 3/4, and meximum
throttle ogening at 12C0 r,p.m, Tests were run with low-
er throttle settings but they are inviluable since trey
zould be us2d at caly t.o cr three of the lower sjeeds,
Th2 time fcr thne occurence ¢f the sgark was set at -tne
point of meximam advance durinz zll cf the tests, Also

the fricticonal nors2pewer could bes obtained at but cne

)]

roint, 7C0 r.i.m., wkich was

Jue to the fact trat the

u.

dynzmomet2r wren used as a @xotor did not have a variable
syeed, This zllowed the Illechunical Efficiency to be ccne-

ruted at but tne one sgeed of trhe ensine,
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ICATIONS.

Yame and lodel

Manufacturer

Number of cylinders
Bore and Strcke
Fiston displace:ent

Tyre of cylinder cesting

Tyre of valve

Cooling systenm
Fistons

Piston rings
Coannecting rod

Crarkshalt bearings

Valve timing

Carburetor
Heutingz

Princigle of oreration

Willys=-Knight,
Model 88-4, #A11146,

Willys-Overland Inec.,
Toledo, Ohio,

Four,
4 1/8" -= 4 1/2M,
240 cublc inches,

Bleck casting,
3/8" offset.

Double sleeve,
Thermo syphon,

Cast iron,

Two, eccentric tyre.
Dror forged, 10" cg
Three, rlain,

Inlet
after

orens 8 degrees
ujjier dead center,

Inlet
after

closes 37 Jdegrees
lorer dead center,

ixhaust orens 48 degrees
tefore lower deudcenter,

Exhaust closes 5 degrees
after ugper dead center,

Tillotson,
Air from exhaust stove,

Single nozzle with stzel
spring air valve in inlet,

s



Ivnit ion

Firing order
Tyre cf breazker
Spark plugs

Location

Ciling system

Conneticut distributor
and coil,

1-3‘4-20
Closed,
Chamjlcn, 1/2" recular,

Center of conbusticn
ckamber,

Sylash-gressure, with
rlunger rWile



STUDY CF THE VAIVE ACTICHN.

The valve action zni the effect of various fac-
tors upon the valve timing can best be studied by means
of timing and seuling diagrams. To construct these dia-
grams it is first necessary to coastruct a sinusoidal
diagream for each sleevs,

To construct the sinusoidwl dicgrams, the eccen-
tric radius and the zonnectinz rod length must be known.,
This was obtained from blue rrists luaoned by tne nmanuface-
turers, Twelve inches was laid off ca the caper on which
the diagrum was to be made and thls distance was daivided
intc twentv-four equal parts, Ordinztes were erected
through these roints., The eccentric circle was drawn and
jlaced ,4375 inch to tne left of the first ordinate as
the 2ccentric snaft or cum shaft is offset this amount
from thne connecting rod rins in the sleeves, This circle
was divided into tweaty-four parts and the corres;onding
rositions ¢f the connecting rod and the sleeve found.
From theses points lines were drawa to the corresionding
ordinates wnd the sinuscidel curve drewn throuzh these
points., Each diugran for the two sleeves wus constructed
by the same method excegt that the 3ifferznt lensths of
the connactineg reds rede it necesseary to find tre vericus
gasitions of the slzeves cni the zonnscting rods in each
cuse,

Trhe sinuscidal curve fur eaci. slz2eve Yavirne been

-



drawvn a prlece of tracing cleth wus gluced over the curve
and the curve wuas traced thrcugh the tracing cloth and
extended to each side, A du.licate of the curve for the
cater sleeve was drawa at a distonce on the traczing zloth
eonzl to tha port widths ia tre cuter sleeve, The surne
was done with tle inner sleeve exce2it that Zdue to tlre
exhaust and intue ports bzing of different widths, a

surve 1ad tce be zcastructed for each of these widths,

)
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wing dimensicns vere obtain2d from the
blue priats:

Cylinder intuke port width ------c-ec-ceece--- 500 inck,
Cylinder exktzust fort width -----ee-ceeee--- 500 "

Inner sleeve intuke port width ----cccccee-- ' 3C1 n
Tnn2r sleeve exhuust rort width -==wemececce—-= 500 "

‘Outar sleeve inteke jort widtlhh -s-cmccccae-aa 469 "
uter sleeve exuist tcrt widitn ~=-ecmecmceean (4609 "

Bottom of cvlinder reud ring to th
bettom ¢f the cylinder forts e--cececcececccea 375 "

Th2 traval of eazhh SlEeVe eccecrmccccnccceaaa /9055 ®

Anczle of advuncs betwezn tie sleeves e==--=== 70 de-~r=cs,

(n a separate sheet cf jajer, two parallel lines
were drevn at a dist ne2 ajurt equil to the port width
ia tie cyliader wall, A third parallel lire was drovn
re,resznting the bottom edze of the cyliader read rins
wi.izh acts as & sealing surfuauce and an inside czut-off
edge, On these lines a len~th was laid off equal to one
vave lenzcth of tle sinuscidal curves This was divided

into twentyv-four rerts in the same ranner trat the cumve



was divided, This total lencth rec.res=~ts two ccuillcie

u
5

vevolutions ¢f the crauxsielt cr 720 decreeg and exs

e e ceentric arm

-

3o

Hivisicn woild reiresent TC cerees,
being set with 70 degrees between ther:, this 70 aezrees

is tre enzle ¢f advance by which tre inner eccentric gre-
ceeds the couter eccentric, Ecwever, on the diagrams tlis
ejrears as 140 decsrees, since the eccentric shaft runs

at half the sgecd f the crankshaft,

This warzle of advance being kncvn, togetlier with
the distances froaw the centers c¢f tre connecting rod rins
in each sleceve to the bottua of each port in each sleeve,
the timing diazrem cen be drawn, Iy unarkinzg these pos=-
itions on the churt os zZero aezrees and then placing tlre
two tracings on €ach other end oan the chart, the correct
rositions of the curves were Ifound, When found, the trac-
ing clcoth was faustened and the roints marked con the crd-
inates of the chart, The solid lines rejresent the pos-
itions of thie inner sleeve (orts and the dotted lines the

uter sleeve ports., The cross-sectioned areas show the
cxiouant of jort ciening and the pericd of trhe intake and
exhaust ogrenings,

From the diagreamr it is secn trat tke~exhaust bezins
to oren when the lower edzge of the port in the innerx
sleeve, meving dewnwards, russes tre lower edre of the

cylindzr read ring, The extzaust closes when the top edge
of the prort in the cuter sleeve, woving dewawards, passes

tle lower edze ¢f the port in the cylinder well, The
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exhaust opening extends over 233 degrees of crank rotion,
Tre exrueust be-ins to ogen 48 degrees ahead of the lower
dead wenter and closes £ degrees past the top dead center,
The intake begins to oren when the bottom edge of
the port in the outer cleeve, zoving downwerds, rasses
the tor edge of the jort in the inner sleeve, roving in
a dovnward direction. The intake closes whnen the bottom
edge of the inner sleeve port, moving ugwards, jasses the

bottom edze of the cylinmder liead rinz, The intake is oren

v

over a periocd cf 209 degrees cf crank reotion, begins to

(]

o)

oren & degrees after top dead center, and closed 37 de=-
grees after lower decd center,
The timing points for the diagram are as follows:

Exlhecust cloS€S memcrmarcnmrmcmcccecccnnnen= 65 "
IntazXke OLENS mermcrccm e r e mre e ————— 268 n
Tntake CloSeS =mmmmmmsmmmmccmmm—eme: ceeme= 577 "

The seualing diagran wes next to be zcnstructed
end is useful in showing the agsregete ¢f the overlape-
Fing edges which tend to grevent leckuze, Tre diagram
is talen frow tre tining diagrem avhcve it, Any total
ordinate included in the crosse-secticned urea above thre
lire slows tre aﬁcunt cf sealing of thie intuke port at
that crank :osition., At zero degrees, for examgle, wken
the explosicn is about to tave place, tie bottawm port
edee of tle dnner sleeve is above the cylinder lead ring

vy ths emcunt that the sinuscidal of the iirner sleeve






intake port is wbove tle line representing the bottom
edce ¢f the cylinder read ring in tle tiwing diagrarm,
The scrie nethod is used in finding the amount of seal-
ing a2t eacnh of the cother crdirates both for tlLe intake
and the exhaust sides, The exhzust seal, rowever, is
sriovn below the line and it will be seen that the seal
at zero degrees crunk rosition is mads up ¢f three dis-
tinel lappings. First, the amnount the lower port edge
of the inner sleeve 1is atove the top edge ¢f the cuter
sl<eve; and seccud, the wuount the lower pcrt edze of
trhe inrer sleeve 1is aiove the edge ¢f the cylinder lreud
ring, Tt will be ncticed tlhiat the greatest seal cccurs
at €40 degrees c¢f crank travel during conmiression, when
there 1s a trigle seal c¢f tre exhwuust comicsed of tre
cylirder, sleeves and thke cylirnder neud ring,

Ancther was drawn showing the relation between
tle inteve and exraust rort openings and tre rate of
cl:anze of the piston displacerent, Wiere tlke double
sinuscidel curve creosees the rorizontal line there is
no chamge in the piston displacementy which would largen
at uigrer and lower dezd centers, The cther curves give
trhe amount of the valve c¢preanings and are the sare as the
1ort crening curves shevn cn the sealirg lap diagram,
Trey were cttuined by transferring the ordinates of the
exhaust and intake oienings from the timing diazram,

Tre exhwuust valve ogening coccurs <8 decrees before

lower dead center, and hes its maximum opening during



the maximum rate of clange in the piston displacerent,
The armcunt of opening of the intule valve znd tlhe rate
of clange in the jpiston displacement are approximately
rrorortiornal, except that the intuke clcues 27 degrees
efter dead center or during a iert of tlhe intzke stroke

the pisten is traveling in un upwara direction.
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ENGIMNE TLST.

The motor was run vwith o« direct connected cradle
dynamometer with a water rheostat to very the load. Runs
were made at 45C, 700, ¢5C znd 12CO r.r.m. for hersegcwer
and fuel eccnory. The duration cf the runs was the tiue
required to consuze five pounds c¢f gasolire, The fric-
tional rorsepower tests were run thrcough a jeriocd of five
minutes, The dyrnamometer allcwed only one frictional
horseicver test to be run which was at 700 r.r.m,

The horsepower ccnstant ¢f the dyrnamometer was
cenputed and found to be ,000Z1€2Z, The brake load read-
ines were teken on platform scales every Iive minutes
during the tests, The engine spreed was kegt constant
encé tre load allowed to vary to cbtain this constant
sreed, Ajrroxirate readings on the speed were taken from
a taclometer and accurate readings were taken with a |
sreed indicater from the eccentric shaft every five rin-
utes, The lcad was varied by means ¢f a water rrecstat
connected with the dynancmeter,

Tre fuel ccnswuption was meusured by taking the
time, with a stop watck, durinz tke period in which the
welsht of the cisoline tunk decreased five pounds, TFrom
this time the nwiber of gounds of fuel used per hiour can
easldy be oblained, The fuel used in gounds rer Bruke
llorsegower per hour can be ccrxiuted by dividine the nunme

ber ¢f pcunds of fuel used per hwr in any test by
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the Erake Horsepcwer during that test, The time was
taken when a goinrnter on the scale beam rassed a line
on the freme of the scales,

The temperzture ¢f the air eantering tlie carbur-
etcr wes tuken every five minutes with a 4C0O degree
straicgi.t stem tliermomrmeter, Tre tenperature of tre water
wes teken at the inlet tc the cylinders and &t the outlet
with thermoreters prlaced in ¢1l wells in the water pipes,
Tre outlet temperature wus ke t as near as poszaible to

150 degrees Fehrenheit, The fan was removed during el1
tle teets,

Tne fricticral rorsepower wes measured by using
the dynurmometer as « rctor, which made it necessary to
mewsure the torgue cn the orrosite side of the dynumomrmeter,
These tests were run immedictely after the horsejower
tests and tlic mctor was unclienged, exceit for shutting

off the water to prevent ccoling,
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RULES OF TESTIIC.
Society of Automotive Engineers

Transactions XII, Part I,

During the complete test, ccutrocl c¢f the enzine
snizll be by means of thrcttle ard spark cnly., Engine
adjustments shall be made for vest rcecrsspower outiut
(trat is, carburetor setting, syark plug gaps, etc.,)
and in nc¢ case are such adjustrnents to be changed during
the conplete test, Test runs shiculd not be made until
the engine has been run-in sufficiently to shcew no arrrec-
iczble difference in friction before and after & run of
20 minutes at the sipeed of maximum tcrque with the throt-
tle wide cren, Before teginning any run, the engine should
be brousnt tc a conditiwn of sustained oreration under
the cenditions of the run end it is imgerative that in
every case the r,r.m., brake loads, rate c¢f fuel ccnsump-
ticn, coolinz-vuter tew;eratures, oil temercture, etc,,
rexain substanticlly constant, stecdy and sustalned throuch-
cut tliz ran,

In every test, encugh runs shculd be taken trrcuch=-
cut the s;eed range so that the points therefrcm when plote-
ted will indicate clecrly the shzpe end craracteristics of
the curves. For horse ower and fue. eccrauy tests, it is
recemmended tnet runs be rade at iatervils of ajrroximately
2CO row.ms A run should be zede at the lowest steedy orer-
atineg speed of the enzine, The duration of Brakeeleorse-

tower tests shall not be less tihan three minutes, Where
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fuel consumrtion is rieasured, the duration of the tests
shall not be less than five m'nutes, The JZuration of the
fricticnal horsciower tests shall not be less than one
.rninute, The arove stuted tires are the minira, Tn nmost
cases it is desirabls to maXe the runs cf lorger duration,
end it is imgperwtive that in every case r.r.m., brake louds,
etc.,, remain substantially constant and steady thrcughout
the run,

Readings for Erake Loads sheuld be teken with
accurately calibrated jlatforr: ocr beum scules, During
eny run, the platform cr beam scales are ¥ept balanced,
ernd the lcads registered tierelby rust be-substenticlly
censtant tlhircughcut tle run,

Sreed in revclutions (=r minute should be invar-
ieoly taken from jositively driven counters which enguge
at the bezinning of the run and disenruge at the end, The
difference between tlie two rewdings, divided by the aqur-
ation of thke run in minutes, then gives the true aver:ce
sreed. Tachometers, even thcugh cerefully calibrated, are
not sufficiently reliable for r.r.im. readinvs, In connec-
ticn with the speed counters mentiorned, however, the wach-
ometer may be used as an a;proximate check cn the averuge
sieed, also as an indicaticen of variution in speed befcre
or during the run, It is recommended thut the moxirwe
allowakle verlation im sgeed during & run be 50 r,g.=.

The method recormended for xgasuring fuel conswnpe-

tion 1s by roting tre decrecse in wdight cf a tank fron
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which the fuel is beirg fed to the carburetor. The tank
should be prdaced on sensitive platformim scales at & prop-
er level ahove tle carburetcer, aad connected to the fuel
surply pipe by s short horizontel lergth cf rubber tubing.
This tubing should be very flexible und should not be
drawn taut, to avcid intsrference with the weiching.
"eirhings should be nwde as follows: Set the counterpoise
so that the sccle beam will full just as the run is sturt-
ed, liote the setting and the time at which the beams fall,
Move thie ccunterpolse to scme polnt svch that it will fall
just before the end of the run, and ncte carefully the
time it fulls again, From th-: difference between the two
times and the two weishts recorded, the fuel consumption
rer hour can e:sily be detert.ined,

All temperatures are to be given in degrees Fuler-
enheit, A relicble glass straightestem thermometer should
be placed rnear tne carvuretor intuke in crder to measure
thie tem,eruture of tle eanterirg air, Tnis tnermcmeter
slicuild be read at least three times during each run,
Therrorieters sr.ould be glaced wlso in suitable wells or
sockets, one rear thne inlet and anoth-r as close as ros-
sible to the water cutlet ¢f the encize, These wells or
sockats shiould be in pijes that run full, sc that water
continually circulates e« cut them., They =hould be filled
with o0i1l or mercury, and careful readings shouwld te taken
atlcest tuLree tiwmes durirg each run, Tt is recozmended

that the reximwr «llowable temperature clunce shzll be ten






degrees Fahrenheit, During the frictiocnal horsepower
runs, the test must be made 1vmediately after the corre-
spénding brake-lorsecower test, befcre the engine has
ccsoled, the water should be shut cff,
| The &j proxirate fricticnal horsejower ¢f an engine
can be nmezsured best by means ¢f wn electric dynarometer,
preferably of the cradle type., The dyna ometer 1s vsel
tc drive the engine usder the fest at verious speeds, and
the torque reaction is measured, Tiis will be in the
ojrosite directicn to thrat cbtained while the entine is
driving the dyncncueter, or else suitable lirkage mnst be
rrovided tc ciunge tlie directicn c¢f tlhe pull, The test
for fricticnal horseiower skhould be rade imvediately after
the breke horsegower test, before the engire has cooled,
in order to +eep the conditica of the lubricating cil
and the fricticn of the ,«arts the sare “uring this test
as during the breke rorserover test, Coumiressicn-relief
cocks should rewi in closed and zll aczcesscries, such as
ragneto, generctor, puungs, etec., used cduring thke bdbreke
horsepower test, should remuin in cperaticn,

Aiproxinute indicated-lrorsejpow:ir is obtained by
addinz to trhe bruke horsejovwer at any civen speed the

frictional horsciower cbteined at the swme sge=d,



10G SxEZTS CF wilGILE T.ioT.

lst Carburetor Setting,

Tacho=- Speed  Diff- True Brake Termperatures Tine

meter Tndic erence RPM, Lcad Water Carb,
ator In Out Air
ot£es
150 107 221 442 €2,0 56 140 161
150 587x 225 450 €2,0 56 142 161
150 &2 225 450 €2.0 56 42 161
150 1009 22 454 62.0 56 142 161
150 1235 226 452 €2.0 56 143 162
150 1467 232 464 €2,0 56 150 162
150 1627 zed 44 62,0 56 138 162 35,55
Xeoee=a 332
acz8
235 ecs 22 €44 56.0 60 144 168
240 457x 357 714 3€.0 60 132 168
=38 & 48 351 702 56,0 60 150 188
23 1127 249 678 56.0 €0 160 168
238 1205 254 708 56,0 60 146 1l€&é 23,05
Xemmee 140
3466
320 3232 4€6 932 35,5 56 143 148
31¢& 4401 4€9 €38 75,5 57 160 150
318 4870 469 G328 Z3.5 57 142 150
31& 5341 471 Q42 25,5 87 1z8 150
320 5812 471 942 25,5 57 12& 130 25,43
1814
400 2403 ze9 1178 23,5 58 142 176
400 4172x 521 1182 35,5 58 145 1&4
400 4766 594 1188 25.5 58 143 1&5
400 53¢ 598 1196 2.5 58 147 186
400 5CE2 5¢8 1196 35,5 38 14& 1&€ =21, 58






<nd Carburetor Settirg,

Tacho=- Sgesd  Diff True PBreke Ter,.eraturss Thre
weter Tadicz erence REL  Lead Tater Cerb,
ator In Out Air
12¢1
150 1612 L1 442 69.0 56 3& 160
150 2136 224 418 €9.0 gé 156 160
150 RIS 220 40 £9.0 €6 180 160
150 278 221 442 €9.0 56 158 158
150 icle <l 42 €9.0 56 185 128
i50 2220 2l 442 £2.0 6 160 160
150 Z4ic4 zed 4.:8 €C.C £6 144 160 33,€5
1905
233 2237 33L 664 €7,0 60 1€g8 170
233 ~27C 242 €E4 71.5 €0 146 17¢
232 790 241 €82 €€. O €0 148 176 13, =C

Only trree gounds of gasoline used 1o tiiis test,

pElZ

320 8275 i€ Q6 49.5 57 140 145

30 £749 473 T4 49,5 57 1l4=- 146

3z 7203 474 c48 49,5 57 142 148

3.0 TS 474 248 49,5 z ldz 14&

3Z0. 2172 473 250 49,5 57 142 148 21,97
E37%2

4C0 6324 57= 11¢4 0.5 52& 1i8 1&R

407 71z¢& 594 1188 £0.5 58 147 1&é

405 774 3G ¢ 1192 50.0 58 1:& 1t4

405 €323 ECL 1202 5C.0 52 142 184 17,77
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SU.CIARY,

From the sealing lay dizgrum constructed in con-
recticn with the study o¢f the valve acticn, it is seen
that during cemiression, explosiorn, and zost of the ex-
plosicn stroke thiat the seul of the intake port is conme-
rosed ¢f &z single lap only, which is the <istance that
tre bottom edze of the inner sleeve inteke port is above
the lcwer edze of the cylinder rewd ring, which at its
maximum is only 3/8 irnch, It seems doubtful if this
would serve us & sufficient retairner for the comgression
of ths cuses,

From th: results cbtained from tle engine test,
the mascline used in Fcunds jer Rrulke IHcrsegower jer xcur
gseeus to be high for this size end tyje of enzine, Tl
lowest result chteined at rneximwn horsepover cutjut was
feund to be 779 #/BHE/Hr. as cuanjured to .61l ¢f & 4 x 6"
licline Knizht wotor, .62 of a 3 3/4 x 5 1/8" Taite motor,
and .77 of a 4 3/4 x5 1/2" six cylinder Alcc motor, From
the curve sleet for waxirmum ncrsepcver output the follcw-
ing facts can be nuted from the curves: The Lncrsejcve
curve increases at approxXinetely trne saxne rate from 450
to 12C0 r,p.m, and culd undoubtedly increease riore with
the sreed; the torgque curve increases slcwly until the
s eed reaches 00 to 1C0O0 r,p.m, at vhich joint it starts
to decrecce zlowly; tlie rats of fuel ccasumption in

#/BHP/Hr, decreuses slowly from the speeds cf 450 to 1200;



and the thernzal efficiency curve rezches its raximum =t
agrroxinztely ©50 r.y.m.

A curve sle=t 1s inserted with lcorse.over, torque,
and the fuel consumgticn plotted to tie r.pr.m. as abcissae
for a siv cylinder Alco motor manufactured by the American
Loccmetive Co., Providence, R,I., which i3 4 3/4" x 5 1/2",
T-keud tyre with a nigh tensicn magnsto, and sperk plugs glec-
ed ovar the irl:t vulives; a fcur cylinder Wnite mctor, 1913,
which was L-head tyge withh spcrk gluzs plecced over the
inlet valves, size 3 3/4" x 5 1/8" ani used a rizgneto

fer igniticn; a four cylinder loline=¥uizht notor cf

)

size 4" x 6"; and this Willys=Kailsht wotor »hich s the
cylirder dimensicns ¢f 4 1/8" x 4 1/2% Tnore is no
impertant difference in the curves excait tiuat of ics-
itdon ana tihet the larger Alce mctor &f the T-read type
Yas its Tuel eccnory curve increazing cre rapidly and
its tagque curve decrecsing rmore ruiridly as the speed in-

creases near 1le maximum speed,
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