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GbHPBESSION—IGNITIOH ENGINE PERFORMANCE WITH
UNDOPED AND DOPED FUEL OILS AND ALCOEOL MIXTURBS

By Charles S. Moore and Hempton H. Foster
SUMMARY

Several fuel oils, doped fuel oils, and mixtures of
alcohol and fuel oil were tested in a high-speed, single-
cylinder, compression-ignition engline to determine power
output, fuel consumption, and lgnition and combustion
csherecterigtics.

Fuel olls or doped fuel olls of high cetane number
hed shorter ignition lags, lower rates of pressure rise,
and gZave smoother engine operation than fuel oils or doped
fuel oils of low cetane number. Higher engine rotative
speeds and boost pressures resulited in smoother engine op-
eration and permitted the use of fuel oils of relatively
low cetane number. Although the additlion of a dope to a
fuel o0il decreased the ignition lag and the rate of pres-
sure rise, the ensulng rate of combustion was somewhat
slower then for the undoped fusel oll so that the effectlive~
ness of combustion was practically unchanged. i

Alcohol used as an euxiliary fuel, eilther as a2 mixture
or by separate injJection, incressed the rates of pressure
rige and induced roughness. In general, thse power output
decreasged ag the propertion of alcohol increased and, bew
low meximum power, varied with the heating value of the
total fuel chargs. :

INTRODUGTION

Most published experimental investlgations of fuels
for compression-ignition engines have been princilpally
concerned with ignition characteristics while engine power
and economy were given but slight consideration %referances
1, 2, 3, and 4)., In order to improve the ignitibility of
fuel oils, various compounds have been added for the spew=
cific purpose of reducing the ignition lag (referonce 5).
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The possibllity has been suggested that: fuel dopes might
be added or superior fuels obtained which willl enable a
greator part of the fuol charge to be burned during the
early part of thoe cxpansion stroke. ¥French roports (ref-
eronces 6 and 7) indicate that tho use of ethyl alcohol

g8 an auvxlliary fuel approclaBly improved tho engine power
and the 1gnition characteristics and decreased the rato of
prossurc rlsc and the maximum cylinder pressure.

The purpose of the work prescnted in this report weas
to determine the ignition, the comdbustion, and tho engine-
performance characteristics of several fuol oils, to de-
termine the offect of adding fuel dopes, and to test tho
value of alcohol and gasoline as auxilliary fuels. The re-
gsults have been sccumulated from foests of new fuels as
they bocams available., Somoe of the fuel dopes submitiod
by private investlgators werc considered to be igaition
and combustion accelerators. Many of the fuels were oxam~
incd by the U.S. Naval BEngineering Exporimont Station at
Annepolis, Md., to determinoe theilr physical~-chomlcal prop~
ortles and, ospeclnlly, their cetane numbers. Tho ongino
tests reported hereln were mado by the N.A.C.A. during
1936, 1937, and 1938.

PURLS

The fuois testcd are roadily classiﬁied into three
distinect groups: )

1. Fuol olils,,
2o Doped fueol oils.
3. Auxilianry fuels.

Table I shows the properties of the fuels of groups 1 and
2 as dotermined by the Naval Baglnecring Hxporiment Sta-
tion., For the determination of-the cotane numbdoer, tho
constant-ignition~lag method and the modlfied magnetic
pick~up mothod (reforonces 1 and 2) were usod on a com-
prosslion~ignition converslion unit of the C.F.R. ongine
with the turbulont-type combustion chamber.

Fuol eils.- Fuel 1 1s the laboratory fuel o1l used by
the H.A.C.A. for routine ongine tests. It is a distillate
from a Penmsylvania or equivalent crude oil, (This fuel
is similar to fuel 2 of reference 8.)
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Fuel 2 18 U.S. Navy M-306, specified for aircraft
conpression=-1gnitlon englnes.

Fuel 3 1s &= commercial marine fuel oll sold on the
Atlantlc seaboard of the United States.

Fuel 4 is U.S. Navy 7-0-20, specified for .general
uge in submnarines and small boats.

Fuel 5 1s No, 3 furnace o0ll purchased for boller hoat-
ing.

Doped fuel oils,: Fuel 6 was obtained by asdding 1
porcent of ethyl nltrate to the ¥No, 3 furnace oil.

Fuel 7 was obtalned by adding 2.5 percent of iso-am&i_
nitrate to tho laboratory fuel oil (i.e., %o fuel 1),

Fucl 8 (properties not given 'in table) was obtained
by adding 4 percent of tetranitromethane to the lahoratory
fuel oil.

. Auxilisry fuels.~ Fuel 9 (see table I) was a mixture
of laboratory fuel oll and 25 percent by volume of 87 oc-
tane gasoline (U.S. Arny Spocification No. 2-92, Grade 87).

Fuel 10 (properties not given in table) was labora-
tory fuel oll and commerclal othyl alcohol of 92 percent
purity by weight. Alcohol waes used in proportions of 10,
25, 40, and 80 porcent by volume of the total fuel charge
when the total charge was mlxed by constant agitatlon and
injected from a single valve. When the mein and the aux-
iliary fuels wore injected separately from two valves,
equal welghts of alcohol and fuel oll wore used. BRecont
infornation had indicated thils proportion to be the best
from considorations of power.

FUBL~-INJECTION SYSTEMS

Tor the fuel oils,, K the dpppd fusl olls, and the gaso-—
lino-fuol oil mixture, only one fuel-injectlion pump and’
one valve woro used. Tho pump was cen operated and had
a constant plunger displacomont with constant sfart and
variable cut-off of iInjectlon. Figure 1 shows the arrange-
nent of thoe fuel-spray axes and the combustlon chambor
used, For a fucl quentity of 0.00035 pound per cycleo in-
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Jected at 3,000 r.p.m. engine spoed, the injection period
wal 23 crank degrees as doetermined by observations with a
stroborama, a stroboscope of tho elsctrical-discharge typo.

This fuel=inJoction systomn was also uscd whon the al~
vohvol and tho fuel o0ll wero nixed beforo injectlion. Owing
to innmliescidbility of the alcohol and the fuol oll, constant
agltation by a snall high~specd gear punp was roquired to
naintain a2 uniforn nixture in thoe fuel tank. The uniforn~
ity of thoe nixture lInjected ilnto the onglno was checkod Dy
catching sanples of the nixture in a bdottlo as 14t was in-
Jecteod by the fuel valve into the alr. Tho specific grav-
ity of the snnplos 1ndicated that the nixturec was within
*1 percont of the desired proportions.

For tho engine toste in which tho alcohol and the fuol
oll wero soparately injcoted, two separate fuol-=injoction
puczps oand valves wers usced; each punp had an indopondent
tining dovice. TFlguro 2 shows the arrangenment of the axos
of tho two fuel sprays. The arrangenent of the aloohol
spray was chosen to give a reasonably uniform distribution
throughout the combustion chamdber without consideration of
the 1interference of the fuel-oil and the alcohol sprays.

TEST RIGINE AND TESTS

The displacer~piston combustion chamdbor and the fuel~
oil spray arrangement used in those tosts (sceo fig. 1)
have beon completoely describved in reforonces 9 and 10.
The morc important partes of the tost unit and standard
teat conditlons woroc as follows?

Engino....-..--...-..-.-. 5111510-03‘11115.01‘, 4—Str0k6~
cy¢clo, 5-inch bore by 7-
ineh stroko, (137.5 ocu. in.
displacemont).

Engino speod......-..-... 2.000 YePoelle

Gomprossion ratlicessseese 14.5.

Valve timinge....veses... Inlot opons 27° B.T.C.
- Inlet closcs 289 A.B.C.

Exhaust opens 66° B,B.O,

Bxhaust closos 41° A.T.C.
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Operating temporatures... Wator (out), 170° F.;
lubricating oil (out), 165° F.

Fuel-injection valvosSeses NeA.C.A. automatic, spring-
loaded to 3,500 pounds peor
square inch opening pros-
SUreo. ==

Full-load fuel quantity.. Fuel-alr ratio = 0.069.

Powoer moasuremont and —
absorptlion..c..csevs.ne Electrlc dynoamometor unit.

Alr- and fuel-consumption .

mneasurenentB.csceseese Gasometer with synchronizod
ocloctrically operated stop
watches and revolutlon
countors.

,

INnAiCatO0Tecerconcecenense Modifiod Farnboro for indi-
cator caords.

Maxinmum cylindor-pressure . e
noasuromente ve. ... «+es Trappod-prossure valve and.
prossure gago; indicaotor
card for balanced pros-
SUYO8.

For ecach fuel o0ll, doped fuel, or auxiliary fuel, on-
gineo-porformance tests wero madoc at 2,000 r.p.m. for vari-
ous fuel quantities to detormine tho power and tho fuel
consumnption, The naximun cylindor prossure, the lgnltion
lag, and the rate of pressuroe -rise were determined from in-
dicator cards. Tho injectlion advanco angle was hold con-
stant at 12.0° before top centor for the determinatlion of
ignition lag at 2,000 r.p.o. With a 5- by 6-inch oyl
indor and othor equipmont as bofore, supplementary tests
woroc made with o fuel of low coteno numbor (furnace oil)
at ongine speecds from 1,000 to 2,400 r.p.n._ and for boost
prossuros from O to 20 inchaes of nercury at 2,000 r.p.nm.

Indicator cards for the laboratory fuvol, the labora-
tory fuel plus 2.5 percont iso-anyl nitrato, the No. 3
furnancoe oil, and the No, 3 furnaco oll plus 1 percent
othyl nitrate were analyzed to deternine the total agnounts °
of effoctivo fuol burmod during various crark anglos of tho
expansion etroke. By "effoctlve fuel burned" 1s meant tho
conbustion of the quantity of fuel required to produce the
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change in onthalpy (total hoat) recorded on the indicator
dlagrans; the torn does not include the fuel dilssipatoed as
heat losses.

RESULTS AND DISOUSSION

Fuel Oils

The indicator card of figure 3 1ls typical for the une
doped fuel oils (group 1) used in cach particular test.
The card shows not only the pressure~time record for tho
standard injection advance anglo but also tho retarded-in-
Jectlon record requlroed to determine the brock-away from
tho comproesion line at tho start of burning. Figuro 3
can be considered a reference card bocause the fuol was
the standard laboratory fuel oil and has a reasonably high
cetane number, 62, The broak-away on all of tho cards 1s
a gradual change in slopo except for No. 3 furnace oll (fig.
4). TFor the No. 3 furnaco oil, the break-away 1s much moro
abrupt. All of tho cards in this group excopt that for the
furnace o1l show two distinct rates of pressuro rise. The
first rate (and the only rate for the furnacoe oil) is at-
tributod to the rapid burning of the fuel accumulated dur-
ing tho lgnlition loge The second, slower ratoe occurs up
to tho timo of cut-off of injoction¢ On theo indicator
card for Ho. 3 furnace oil, a dofinite reductlon in com~
prosslon pressurc oceurs at top center, owlng toc the fuel
vaporization and the ocooling of the alr charge.

Tho differend combustion characteristics of the sev~
eral fuels are shown 1n table II, which gives detalled nu-
merical results obtalned from an analysis of-the indicator
cards. For constant inJection advance angles,  the ignition
lag decreased with increasing cotane numbor by as nuch as
650 porcent. ~The nmaximum ignition lag, 12.5°, was for the
No. 3 furhaece oil having a cetanc anumber of 29.9, and tho
minipum lag, 8.09, wap for the conmercial narine fuel oil
having & cetanc number of 58.0. InJectlion of the lsbora-
tory or the commercial marine fuel oil could bo rotarded to
120 after top center before misfiring occurred; injectilion
of the furnace. oil, however, could be retarded only to top
center. ©Rates of pressure rilse follow very nearly the var-
latlons of ignition lag; i.e., longer lags causs higher
rates of pressure rise owing to groater accunulations of
fuol at the time of i1gnition.,  Although the maximum eylin~
der pressure did not change groatly, the highost valuo
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occurred with the fuel of lowest cetane number (XNc. 3
furnace oll), as did the roughest running and the harsh-
est combustlon sound., Ignition lag, then, 1is the factor
controlling rates of pressure rise, maximum cylinder '
pressure, and combustlion sound for a given rate of injec-
tion.

No engine-performance curves-arc preaented for the
soveral fuel olls because the moan effective pressures and
tho fuel consumptions were the same for each fuol. Tho
mean offective pressures and the fuel consumptions shown
lator (fig. 10) for undopod laboratory fuol oll are typi-
cal of each of the fuel olls being discussed. The various
fuel olls with the samo injectlion advance angles dbut with
difforent 1lgnition lags gave ldentical power outputs and
fuel consumptions within the limlts of experimental accu-
racy. JFuol olls of low. cetane number, howovor, gave hlgher
belanced c¢ylindor pressuree than fuel oils of high cotane
number, Table I shows that the maximum difference ln heat-
ing values of the fuel-oll group 1s 3 percent, No. 3 fur-
nace oill having the lowest and laboratory fuel '0il having '
the highest values. The low heating value, howover, dld
not reduce the power becauvse more of the fuel burned in
the early part of tho expansion stroke (as will be seeon
later) to glve a moro effective combustion cycle. The dif-
feroncos in the exhaust conditions were nogligidble for all
the fuel oils. It is certain that, of the fuel olls tested,
the fuel of highest cetane number did not give a higher
moan effoctlve pressure or a lower fuel consumption but did
givo smoothor englino operation. .

Engine oporation with the No. 3 furnacc oil being too
rough to be .acceptablo, tosts woro made with a S5~inch by .
6=inch cylinder undor conditions intended %o make tho oper=-
atlon smoother. It was bolieved that the rate of prossure
risce por deogree and the roughness could be roeduced by in-
creasing tho engine speod. As the ongine apecd was in-
creascd from 1,000 to 2,400 r.p.m. (fig. 5), tho angular
rate of pressure rise tondod to decrease and the extreme
roughness decreased to o slight roughnossa. Incroasing the
engine speed not only increases the angular volocity but
also increases forcod air-flow velocity in the comdbustion
chambor. It is this lncrease in mixing air-flow velocltiy
that decreasos ths ignition lag and increasocs the absolute
roto of pressure rise. In a combustion chamber that uses
forced alr fiow to mix the fuel and the alr, tho incressed
angular and alr-flow voloclitloes work angainst each other as
tho engino speed 1is increased; higher air-flow velocitios
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tond to causo fastor fuel mixing and burning and greater
absolute roatos of proessurc risc, whilec tho highor angulanr
volocity causos a lower rato of prossuro rise por dogroo.
In o qulieoscont typo of combuetion chamdber, the offoct of
tho higher angular veloclty should prodominate causing theo
rate of prossure risoc por dogroe to doccreasoc as tho ongine
gpood incroeoases.

The roesults of provious tosts (roference 10) have
shown that smoother engino operation resultcd from lincroasod
Inlet~nlr pressurc because the lgnltion lasg and tho rate
of prossurc ripe werc decroascd. The decroasc in ignitlon
lag is cousod by tho increased hoat por unit volumo and tho
greator rate of hoat transfer rather than dy tho higher
temperature of the conprosscd air,

Tosts made at fulleload fuocl guantity with the No. 3
furnaco o0ll over o rango of boost prossures to 20 inchos of
nercury gave thoe results shown in figure 63 i.0., the en-
gine oporatlion changed from vory rough to slightly roughe.
As was expeccted, tho ignition lag and thoe rato of prossure
rise decrocascd althoush, at boost pressuros groeater than
10 inches of norcury, the rate of pressure rise slightly
incroosod, poesibly bocause of too much injectlon advance,
as borne out by the relatively high (roforonce 10) ratio
of explosion prossurc to conpresslion prossure. In gonoral,
the rosults indicato that higher enginoc rotative spooads
end boost pressures inprove snoothnese of engine operation
and pernit the use of fuel oils of relativeoly low cetane
nunbor,.

Thoe ratos of pressure rise shown in figuros 5 and 6
are uvnusually high. Such valuos aro gonorally assocliated
with loud knock and extroemely rough onginoe operation. A4s
notod on the figures, roughness was encounterod but not
destructivo conditione.

The docreasce in roughness at the highor spocoeds, dospilte
the higher absolute rates of pressure rise shown, may be
accounted for by .fthe fact that thoro ie coneideradbly less
accoleration of tho pressurc~-risoc rate and that tho duration
of tho ponk prossurc is shortor. .

Doped Tuel 0ils

The indicator cards shown in figures 7, 8, and 9 wore
obtained for the doped fuel oille. Apparently tho addition
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of dope caused the break-away to become more gredual and
smooth., (See figs. 4 and 7.) When the break-away oc-
curred very early, as with the doped laboratory fuel (fig,
8), the pressure rise was practically an extension of the
compression curve so that the pressure-~rise.curve and the
. compression curve had e common slope. It 1s also worthy
of note that the reterded-linjection carde indicate more

of & tendency %o constant-pressurs combustion when dopo 1s
addad. -

Tahle II 1lncludos the lgnition and the combustion
qualities of the doped fuel oils., .The addltlion of 1 per-
cent of ethyl nlitrate to the ¥No. 3 furnace oll inereasod
the cotane number from 29.9 to 47.7, The ignition lag and
the rate of pressure rise decreased 13 and 23 porcent, ro-
spectively; tho resulting operation was gquite satisfactorye.
The ignition qualities of the laboratory fuel oll were
good even without the additlon of a dopo. Thao addlitlon of
2.5 porcent of iso~anyl nitrate to the laboratory fuel oil’
increased the cetane nunmber from 62.5 to 88.l. The igni-
tlon lag and .the rate of pressure rise were decreased 23.5
and 46.5 percent, respectively. The Bnoothness of opora=-
tlon was further improved and the breskaaway bocane very
gradual (fig. 8). One dope of unknown composition that
wes submlttod for test by a private inveastlgator had prac-
tically no effoct on the ignition qualities or on the en-
gine performance whon added to the laboratory fuol oil in
proportions of X and 2 percent, Another private investl-
gator subnitted tetranitromethanse as a fuol-oll dope; &
4-percent addition to the laboretory fusl oll decreased
the ignition lag and the rate of pressurs rise by 23 and
35 poercent, respectively. . _

Of the four fuel dopes tested, three failed to influ~
ence elther the menon effoctive pressure or the fuel con-
sunption. That 1ls, although the added dope produced ear-
lier ignition, 1%t epparently produced neilther earlicer nor
nore couplete ocombustion of the fuel: charge. The addition
of 4 percent of totranitromethane, however, inproved the
brako mean effootive prossurce and the corresponding fuel
consunption 3 porcent., (Sce fig. 10.) The addition of 1
or 2 percont of the dopo had practically no effect. The
incroase in maxinum cylinder pressure of about 25 pounds
per sguare inch for the doped fuel was insufficient to
cause the difference shown in perfornance. The investi-
gator who subnltted the tetranitromethane stated that tho
addition of 4 percont would be too expensive to be commor-
cinlly pract;cable.
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Comparison of Ignitlon Charscteristics

Figure 1l gives a summary of the date on ignitlon lag
end rate of pressure rise from table II plotted agalinst
cetane number. The curves arec streight lines and the
slopes have the valusa that would be expected from a vari-
ation 1n cetane number. The pointe for the commercial
marine fuel oll and for the gasoline-~fuel oll mixture are
farthest from the straight line. The variation of the ig-
nition lag of the marine fuel o0ll is equivalent to only 1°,
which is almost within the procision of the tests. The
point for the gasoline-~fuel oil mixture ls off the curve
because maximum rate of pressure rise is not necessarily
a function of cetano numbdber.

The fuel-oll dopes wore expected to act as combustion
accelerators:lthat 1s, the dope would not only reduce the
ignition lag of a glven fuel but would also cause more fuol
to burn in the early part of the expansion stroke. The .,
effectiveness of combustlon would be improved by decreasing
lato burning and the power output should bhe: lncreased for
a given fuel consumpitlon. 'Engine tosts of tho fuels con-
telning accelerators, however, showed little 1f gny in-
creaso in power malthough the ignition lags did docrease.

The results of the several combustion analyscs are
shown in figure 12i the curves show that the ignition lags
are decrsascod by the fuel dopos, as was proviously deter-
mined dircctly from the indicator cards. In splto of the
difforont times at which 1gnition occurs, tho variations
in tho total anounts of fuocl dburned (or the variations in
effectiveness of combustion) are small during the cycle.
¥hen the curves are shiftoed so that they all rise from the
origin, the rates of burning of tho doped fuel olls are
seon to be slower than thosc for the undoped fuel oils;
that 1s, tho rate of burning for several Begrees after ig-
nition is slower for the doped fuol olls. The fuel oll
with the longost ignition lag, No. 3 furanaco oil, gave tho
fastoest rate of burning at all crank anglos. For all the
undopod and the doped fuel oils, the combustion continues
late in the cycle and, at large loads, is conducive to a
smoky eéxhaust.

Gasoline as Auxiliary Fusl

It was thought that a mixture of 25 porcent gasoline
and 75 percent fuel oil (sco table I and fig. 13) would
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evaporate faster than fuel oi1l alone and that more of the
total fuel charge would burn earlier than for undoped
fuels. The fuel oll was expected to ignite first, owing
to 1ts lower ignition temperature, but the gasoline was
expected to evaporate more quickly than the fuel 01l and
to produce better combustion during the early part of the
expanslon stroke., The cetane number of the mixture was
42.,4, however, comparced with 62,5 for the fuel oll alone
and the ignition lag in the engine was increased 17-1/2
percont, possibly owlng to the cooling action of the rap-
1dly evaporating gasocline. The rate of pressirs rise de~
creasced 14 percont, the maximum cylinder pressure decreased
4 percent, and the combustion sound, unexpoctedly, hecame
very low.

The addltlon of 26 percent gasoline to fuel oil
greatly lncreased the fire hazard because, as table 1
shgws, 1t decreased the flash point from 236° F. to below
80%° ¥,

The onglne-performance test of the gasoline-fuel oil
mlxture showed that the mean effactive pressure was 3 per-
cent lower than for fuel o1l alone and that the fuel con-
sumption increased. As the heating value of tho fuel mix-
ture was the ssme es for a like weight of fusl oil, the
effect of the gasoline must have been to cause slower
rather than faster burning with a consequent decreasc in
power. . T

Mixed Injection of Alcohol and Fuel Oil

From the indlicator cards, of which figure 14 1s rep=
resentative, the addition of alcohol is seen to have in-
creasod the lgnitlion lag by as much as 88 perceant for the
40-percent alcohol mixture., The cause o0f this large in-
crease may have been the coollng of the fuel and the alr
charze by evaporation of the alcohol. As usual with in-
croased ignition lags, the rate of prossure rise (fig. 15),
the maximum cyllinder pressure, and the roughnessg lncreased
with increased percentages of alcohol unti]l roughness be-
came intolermable. A mixture of 80 porcent alcohol and 20
percent fuocl o0ll could not be ignited a2t a compreossion ra-
tio of 14,6, The spontaneous ignition temperature of fuel
oil is about 500° P. and that of alecchol 1s about 1,085° ¥.
(roforence 11)., The high ignition temperature regquired by
elcohol and the excessive cooling of the fuel and air mix-
ture by evaporation of the large percentage of alcohol
must have been responsible for suppressing ignition,
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Engine power, decronsed and fuel consumption incroasod
(fig. 16) as the proportion of alcohol was incrocased, ocs-
pecially for mixtures with moreo than 25 paercent slcohol.
The hoatlng value was 19,900 B.t.u. por pound for the fuel
01l and 11,700 B.t.,u. per pound for the 90 porcent pure
alcohol so that power comparlsons arce more falrly made on
a basis of equal heat input. On this basis (fig. 15), tho
uvao of oalcohol waos morc favorable; for conditlons of no
oxcess olr, the power romesincd practically constant wilith
varlations in tho porcentage of alcohol. Of course, nore
total wolght of fucl oll and alcohol is roquired, s fac-
tor which -alone procludos the usc of alcohol in compres-~
glon-ignitlion engines for alrcraft.

Soparato Injeoctlon of Alcohol and Fuel O0il

Tho saddltion of a small chargo ¢f alcohol to the
fuel=o0il charge considerebly lowerced the mound of combus—~
tion. At tho start of oxhaust hago, a small addod chargo
of slcohol slightly .incrcased thoe power and the cxhaust
becane a whito smoke. For the 50 percent alcohol and 50
porcent fuol oll mixture by woight, the engino oporcotion
was alwoys rough. Whon tho alcohol was injected oither
15° boeforo the fuel oil or loading the fuol o0il by 2930,
ne during the 1ntako stroke, tho onginoe oporation was rough
and unstoady and the fuel-oil injoetion advance angle bo-
cano critical. InJoction of the nlcohel 15° after the fuel
01l causcd the oxhaust to bocome o whito smnoke without in-
fluencing power (fig. 17).

Simultancous injoction of fuol o0il from both fuol
valvos (fig. 2) grve lower brake menn offectiveo pressuros
(fig. 17) then injoction of tho same fuol quantity fron
onoc fuel valve (fig. 1) doubtless becausc overrich roglons
occurred ot tho zonos of spray intorforence. For tho
simultancous ‘injoctlion of fuel cill and alcohol, o sinllar
interforonce occurrcd and combustion was probably adversoly
influonced. Conparlson of performance, however, is consld-
ored indicative. In the study of figurec 17, 1t should be
rononberod that the alr chargo is sufficiont to roquire
but 0.00034 pound of fucl oil for conplete combustion, At
all ezeopt vory large fuel quantitlies, tho power 1s lowor
for tho half-alcohol and half-fucl~oil chargoe "becauso of
the lowor hoating value of the nlecohol of givon charge
‘wolghte

It was baelioved that i1njectlion of alcohol on the in-
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takc stroke might increase the volunetric efficlency by
cooling of thoe inconing-alr charge. Volumotric efficloncy
tests showed that the alr charge was slightly loss, pos-
81bly becauso tho air flow into tho cylinder was obstruct-—
ed by tho fuol sproy and possibly becauso the alcohol
eveporatod quickly from the hot chambor walls to holp £1l1l
the cylindor. Tho vory ocarly injoection of thoe alcohol did
&lve noro tine for vaporization and nlxing with tho air
charge and was advantageoue, as evidoncod by the fact that
the maxinun power was hlgher by 4 poercont than for any
othor condition of injoection,

OONMCLUSIONS

l, Fuel olls of hizh cetanc nunboer gave no more power
than fuel olls of low cetance nunbor but had less ignition
lag, lowor rates of prossure risc, eand smoothor englne op-
eration ovoer a conplete load range at 2,000 r.p.n.

2. Increased onglne spoods and boost proessuros rosult-
od 1n snoother eagine oporation and pornittod tho use of
fuel o0lle of low cetane nunber,

3. Fuel dopes decroased ignition lags and ratos of
prossure rise and increocased smoothness of engine opera~
tlon. The addltlion of 4 percent tetranlitronethane in-
creased engine power by less than 3 percent.

4, Fuel dopes lnproved nelther the completeness norx
the effoctiveness of combustion,

5+ Alcohol as an auxlliary fuel, in gonoral, dcoresased
power aB the proportion of malcohol increascd. Any increazses
in power obtalnod by double injectlon 4id not excooed 4 por-
cent and woro obtalned at tho oxpenso of increascd fuel
consunptlion. Alcohol incrocascd the igntion lag, the rate
of presgsuro rise, and the roughness of operation.

Langloy Memorial Aeronautical Léboratory,
Natlonal Advisory Committee for Acrongutlics,
Langloy Fleld, Va., Junc 23, 1939,
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