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The preignition characteristics of a number of fusls vere studied under conditions simi-
lar to those encountered in an engine, The conditicns wers simulated by suddenly comprese
ing a fusl-alr mixtwre in contact with an electrically-heated hot spot in the cylinder
head of a combustion apparatus. Schlisren photographs and indicator cards were takem of
the burning, and the hot-spot temperatures necessary to canse ignition wnder various con-

ditions wers determined. The maximum permissidle specific outputs with the various pre-
ignition fuels could hot de correlated with their ignition temperature.
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AERONAUTIC SYMBOLS
1. FUNDAMENTAL AND DERIVED UNITS

Metrio English

Abbrevia-
Unit tion

foot (ormile)_________| ft
(?"(or hl,ur) Loy
weight of 1 pound

horsepower (metric)
{kliomeu*.rs per hour
meters per second

2. GENERAL SYMBOLS

Weight=mg » Kinematie viscosity
Standard acceleration of gravity=9.80665 m/s?* Density (mass per unit volume)

or 32.1740 ft/sec? Standard density of dry air, 0.12497 kg-m~*s? at 15° C
Mass= v and 760 mm; or 0.002378 {b-ft=* see?

7 Specifie weight of ‘“standard” air, 1.22535 kg/m? or

Moment of inertin=mk®. (Indicate axis of  0.07651 Ibjeuft

radius of g{ntion k by proper subscript.)
Coefficient of viscosity

3. AERODYNAMIC SYMBOLS

Area e Angle of setting of wings (relative to thrust line)
Area of wing " Angle of stabilizer setting (relative to thrust
Gap line)

Span Q Resultant moment

Chord Q Resultant angular velocity

2
Aspect ratio, bg R Reynolds number, p‘“—" where ! is a linear dimen-

True air speed sion (e.g., for an airfoil of 1.0 ft chord, 100 mph,
: 1 vre standard pressure at 15° C, the corresponding
BT o, ?V Reynolds number is 935,400; or for an airfoil

i i L f 1.0 m ehord, 100 mps, the eorrespondin
Lift, absolute eoeffi - . of 1, ) ps, ponding
o - ¢S Reynolds number is 6,865,000)

Drag, absolute coeflicient Cp= D Angle of attack
P . o o8 Angle of downwash

Profile drag, absolute coeffieient 0,,—% % ﬁﬂ: z: ::::2'1:' ::2:12’(‘“""" ratio

Induced drag, absolute coefficient Cp, -";")s' Al;i;flte :ofs .l&t)::;k, absolute (measured from zcro-
i i
Parasite drag, absolute coeflicient 0,,,=;—f§ Flight-path angle

Cross-wind forcs, absolute coeflicient Cy= q—g
2626°
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AERONAUTIC SYMBOLS
1. FUNDAMENTAL AND DERIVED UNITS

Metrie English

Ahbrevia-
Unit tion

foot (or mile) ft (or mi)
seoond (or hour) sec (or hr)
weight of 1 pound ih

horsepower (metric)
{kliomeu-n- per hour
meters per second

2. GENERAL SYMBOLS

Weight=mg » Kinematic viscosity
Standard acceleration of gravity=9.80665 m/s* » Density (mass per unit volume)
or 32.1740 ft/sec* Standard density of dry air, 0.12497 kg-m—-s* at 15° C
and 760 mm; or 0.002378 {b-ft=4 sect
pecific weight of “standard” air, 1.2255 kg/m® or
Moment of inertin=mk®. (Indicate axis of 0.07651 Ib/cu ft
radius of tion k by proper subscript.)
Coeflicient of viscosity

Mnss-—-%—v S

3. AERODYNAMIC SYMBOLS

Area te Angle of setting of wings (relative to thrust line)
Area of wing % Angle of stabilizer setting (relative to thrust
Gap line)

Span Q Resultant moment

Chord Q Resultant angular velocity

Aspect ratio, %' R Reynolds number, p‘“—’l where ! is a linear dimen-

True air speed sion (e.g., for an airfoil of 1.0 ft chord, 100 mph,
standard pressure at 15° C, the corresponding
Reynolds number is 935,400; or for an airfoil
i i L f 1.0 m chord, 100 mps, the corresponding
Llft, absoluto cocffi t = . Or 1l ] ps, po!
cient Co=% Roynolds number is 6,865,000)

3 D Angle of attack
Drag, abeolute coefficient Cp= g
e g S Angle of downwash

Profil bsolute coeflici = ag Angle of attack, infinite aspect ratio

s, 5 3 o 9% Angle of lttuck: induced

Induced drag, absolute coefficient gm.=;_7§ o Arﬁ!: of ﬁom;k, absolute (measured from zero-
ift position

Parasite drag, absolute coefficient (,',,,-=;—f§ Flight-path angle

Dynamic pressure, %pV'

Cross-wind force, absolute coefficient, c',,-q—f'q
2626°
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PREIGNITION CHARACTERISTICS OF SEVERAL FUELS UNDER
SIMULATED ENGINE CONDITIONS

By R. C. Srexcra

SUMMARY

The preignition characteristies of a namber of fuels
hare been studied under cenditions ximilar to those en-
countered in an engine,  These conditions were ximalated
by suddenly comperessing o focl-air mirtnre in contact
with an electrically heated hot xpot in the eylinder head of
the NACA combustion apparatus,  Schlieren photugra phx
and indicator cards were taken of the burning, and the
hot-spot temperatures necessary to cause iguition ander
varieus conditions were determined,

It is painted out that pereignition and knock are separate
and distinet phenomena althongh they fregaently ocenr in
conjunction. The flame originated by preignation hax the

same rlurrarhrm{:rx ax the .jhum' .l!r.lfllflll'll’ ’I.!'. a x,n!rl' | presentdny knowledge of the snbject.
plug, the only difference being the time and the location I

af ignition.  Preignitiorc may rexalt in knock by adeancing
the time of ignition.

The marimam permissible specific ontpats with the
rarions preigniting focls conld not be correlated with their
ignitiorc temperatare; but it ix believed that xome combina-

. . v . |
tion of igrition temperatures, heat of enmbustion, and

spreific heats of the cambustion prodacts of the foel may
Surnish a mearns of pralicting the marimam permissible
performance.

Depreciation: of preigniting faels with an increaxe in
engtine speed ean be explained by the inereaxe in the tem-
peratures of thermallg ixolated portions of the combuxtion
chamber, particularlg the xpark plugs, with an increaxed
ontput of the engine.  Althoagh the ignition temperatare
incrcases with the engine speed, the increase ix less than
the inereaxc of the temperature of such hot xpots owing to
e increased ontpat,

It was found in the course of the work that, with thix
apparatux, cotting ond ane of two diametrically opposed
spark plogs did not encrease the tendency to knock lat,
on the contrarg, reduced the knocking tendency; the «ffeet
wax similar to that obtained by retarding the xpark.

INTRODUCTION

Two distinet types of fuel fuilnre have bear recognized
for many years: preignition and fuel knoek or detone-
tion. EKitlier of these phenonena, ocenrring in n high-
ontput mireruft engine, nmy canse engine failure.

According to Rienrdo (reference t), Hopkinson sis-
pected the dilference between preignition and knock as
carly us 1904, Hopkinson and Rieardo fitted o long
steel bolt into an engine eylinder and then, nsing an
indicator, watched the gradual transition from norial
to premature ignition as the bolt heated up.  They
found that gemine preignition was accompanied by u
dnll thud and that the engine stalled after a short period
of running beeanse the borning ocenrred carly on the
compression stroke.  There was no trace of the ringing
noise characteristic of fuel knock.

Spurrow in t925 gave a very complete disenssion of
the differences between knoek and  preignition,  His
opinions as published in reference 2 ngree well with

Fuel knock consists in a sudden and extrermely violent
contpletion of the combustion in an engine exlinder after
part of the bnming hos taken place nt o normal rate,
High loeal pressures and temperatures result. and violent
shoek wives are set np in the combustion gases, ennsing
a charneteristic high-pitehied ping or ringing noise in the
engine,  The high loeal temperntnres and pressures moy,
by themselves, canse engine failure or the loeal over-
heating iy lend to preignition and subseguent failure.

Preignition is exnetly what the name implies—ignition
of the chavge before the instunt at whieh the elorge is
intended to be ignited by the spark.  On many ocen-
sions, preignition cannot be detected heeanse it ocenrs
only slightly before the spark pusses, so that the advanee
in the time of penk pressare is not great cnongh to be
pppreciable. At times, the condition canging preignition
(overhieated spot in the combustion chninber, overhented
exhmust valve or spark plng, ete.) nmy be rapidly nggm-
vited, ench suceessive explosion ocenrring earlier in the
eyvele, until the engine nmy fail beeanse of overheating
or it muy stdl or brenk hecanse of the pressures neeprring
on the compression stroke.  Instances huve been re-
ported i which preignition has set in and engine failire
has resnlted before the operator had time to stop the
engiite.  Preignition lins all the effects of un advaneed
ignition spark.

With parallinic fuels such s are now unsed in this
conntry, knock and preignition frequently ocenr in
conjunction.  When knock ocenrs, the accompanying

1
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high local temperntures nd pressures nnd the more

relntive ignition tempwemtures af fuel-air mixtures of a

rapid radintion af lient canse overheating of purts of the | number of fuels when compressed in contaet with n
eomhustion chnmber. which nmy lead to preignition. * heated snrfuce inan engine. Tl ignition temperatnre

The sitnntion is thns intensified becunse tho earlier
igmition canses the engine to knock hawder. I the
sitnation is reversed, with preignition ocenering tivst, the

enrlier ignition nny canse knoek in the sume nimuner as
ndvnneing the spark nnd the knoek will canse still eorlier |

ignition; the finul resolt will then be the smme as before.

Rothirock and Biermun (reference 33 lmve shown |
thut, in nny particnlor engine, the density and the |
temperatore of the lnst purt of the churge to bum are |

the prinury fuctors affecting the knocking tendeney.

The dntu of reference 3 nlso shaw that preignition wmust -
be trented sepurately from knoek if the fuels nre to be
the ease of -
knock, the nmximnm  permissible  performance  in-

sntisfuctorily rated in the engine.  In

crenses with speed for a eonstunt spnk  advanee;

wherens, with preignition, the indiention ix thnt the -
* by injeeting and i
¢ el is injected dnring the intake stroke.
Amang the high- ¢

muximnm  pennissible deereases  with
engine speed.

All engine foels ecan preignite.
output fuels that are nvailoble at the present tune,
certnin fuels huve very greut resistanee ta knock but,
when the engine conditions are condneive to averhent-
ing, these foels preygmite. Sueh fuels may, for eon-

vonienee, be called preigniting fuels. 1 Inels of the

performance

preigniting type are to be nsed in modern aireraft

engines, the establishiment of sawne relationship similar
to that developed in referenee 3 for knocking fuels
wonld be desivable fur ruting the fuels in terns of
muxininm premissible perfarnmnee in engines.  Inoany

utilize them to their hest advantage.

Typienl examples of fuels of the preigniting type are
di-isabntylene, benzene, toluene, and methanal. o g

reference 4, Heron wnd Gillig repart engine tests in
which the mtio of the muxiummn power ontpits of these
fuels to thut of isu-vetune is given. At low speeds and
law engine-jucket temperatures, the penpissible power
mput of these fuels was considermbly higher thun that
of iso-oetane,
the rugive-jucket tempernture was inerensed, however,
the ratio of the pernissible power ontput «f the test
fuel to that of iso-octune was redueed and, in some
eases, the positions of the test fuel nmd of isu-vetane
were reversad, with isc-octane becoming the better
fuel. In cach of the tests of di-isobutylene, henzene,
toluene, nnd methanol reported in referenee 4, the type
of fuel fuilure was cither preignition or aftediring.
Afterfiring is defined as fiving ufter the ignition has
been rut off.

Serruys (reference d) has reported the results of n
study of the vurinbles nffecting preignition.  In order
to extend the knowledge of this subjeet, the NACA
lias recently condneted a series of tests an the

i sketeh of the apparatus is shawn in fignre 1.

was cunsiderad to be the temperature of the hented
snrface,  The results of the investigation nre given in
this reporl,

COMBUSTION APPARATUS

Most of the tests deseribed herein were enrried ant
with the NACA combustion apparutis in conjunetion
with the NACA optical-type pressure indientar, the
NACA spnrk-photegruphy nppavatins, and three differ-
ent eleetrienlly heated hot spots,

The combustion apparatns bas been  deserilied  in
reference 6. 1t consists essentinlly of a 5- by 7-inch
single-evlinder test epgine with u lurge gliss window in
the evlinder hend to permit the combnstion ta be
stidiedl photogrupbienlly.  The engine is driven nt the
test speed by nne eleetrie motor and is then lived onee
titing a single charge of mel. The
The engine
tempedtire is nmintained by eirenlating heated glye-
erin thraugh the coolunt pussages, A dinggrammntice
The
exlinder hend is of the pent-ruof type normally having
two exhmast and twae intake valves.  In the present
design, the space ordinarily ocenpied by the two exhanst
valves is msed fur the glass window,  As the engine

lires «nly onee, the two intnke valves, which operate

sinnilimeonsly, serve for hwdh intuke wnd  exhanst.
The eyele is as fullows: The valves are already open for

_intake, then apen again for exhunst. aud remain open
ense, their behovior must be studied in detail in order
thnt engine conditims ny be <o contrdled ax to

fur the next intake,  Toe engine being rmm withont oil,
the resnlts ennnat he alfected by ail in the wixtore,

AUXILIARY EQUIPMENT AND FUELS

The pressure indicator ix deseribed in reference 7.
It was monnted in nosteel blank, which wies installed in
the windaw opening in place of the glass window:.

The  spurk-photograpby  appuratns (veference  8)
canxists of n buttery of bigh-voltuge candensers nud o

v ratuey distribntor so urrmigzed that the condensers are
In eneli ease when the engine speed «r

discharged conseentively, furnishing n series of spnrk
diselmrges.  For these tosts, the apparntus was nsed in
conjunction with o sehlicren  optienl  urrangement.
tre o ) by which slight differences in index af
refruetion can be nimde visible or enn be photographed,
The spurk arrangement osed guve B3 sparks ot a rate
of abant 1000 per second.

Adetailed deseription of the sehlieren optienl set-np
and of the method of interpreting the photogmphs is
given in reference 6,

The three hot spots were eleetricnlly heated buat. dif-
fered cansiderably in design.  The lirst, dosigned ta
furnish n hat snrface fhnsh with the sarface of the eam-
bustion ehinnther, consisted of a diaplirngm neross the
end of n fitting serewed inta n spork-plug lole. A
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connector nttached to the center of the diaphragm |

served as the eleeteienl lead-in, and the cirenit was
completed  through the metal of the eylinder heal.
Acenmte determinations of the hot-spot temperature
were dillienlt with  this  arrangement. beeanse  the
thermocouple conlid not be placed at the hottest point
of the dinphragm.  Dilliculty wans also expor el
with buming-ont of the diaphragm. Al the spark
photographs and the indientor eands shown in this
report were mnde with the hot diaphragin,  After
geveral tests had been made, w glow plug such as is

» Gloss windows

Injection valve

5

Clutch

Phase-chonging

s
2.l reducton

attempt wus therefore made in the constenetion of the
thind hot spot to nse ¢ wire size and length compnimble
with that nsed in the glow plng.  The work of Pater-
son (reference t0) showed thut the case of ignition of
conl gns-air mixtures inereased with the size of the hot
igniting souree.  Lewis nd von Elbe (reference 11)
point ont thnt temperntures regnired for loeal ignition
by a hented point or wire nre often grently in excess of
those required for ignition by n hented surface.

When n spark plug was nsed, it was located ot E
(lig. t). The hot spots litting into the spark-plng

Windlow
apening

LE Y

F
Section A-A,showing openings
for spork plugs

occessores

Injecton pump

|

|

FPhase-
chonging

geors Switches

s

injection pump with orop
cam not indicoled

Fracke 1

Ml as w cold-starting aid for compression-

= wins installed,  The thermoconple was
welded near the midpoint of the henting eoil of the glow
plng.

In onder to provide a more acenrate check of the
ignition temperatnres of the fuels, a thind hot spot was
constrneted, eonsisting of n length of uichrome w
abont Ys inch in dinmeter and abont th imnches long,
supported from n fitting in the center of the opening
for the optieal indieator.  The thermoconple was nt-
tnched to the center of the wice.  Temperatures were
determined by a chiromel-alumel thermoconple und a
sensitive millivoltmeter.

It is known thnt the nrea of the hot spot affects the
ignition tempernture of o fuel-air mixture.  Some

Driregeratee wif combustion epporata

opening were located at F; the single-wire lot spot
was loented in the center of the window opening.

Fuel injection was started at 20° AT C. on the
intake stroke,

Ten different fuels were nsed in the investigation:

C. F. RS-t reference fuel (97 percent 2, 2,
q-trimethyl pentane by volume. A8, T M.,
octune number, 99.3; Ary octane nnmber,
09.7)

Di-isobutylene

Ber g

Toluene

Isopropyl aleohol

Methunol
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isopropyl ether blend (11 prreent Stounvo

intion gmsoline, AN prreent  di-isopropyl
ether by volmme; plus 3.0 ml tetmethyl lend
per gul)

Toluene blend (56 pereent tolnene, 2t pereent
low vapor pressure matuml nvintion gnsoline,
23 pereent isopentnne by volume; plus 3.0 ml
tetrmethyl lend per gnl. AL 8. T, M. oetune
nnmber, 95,78, nvernge of t0 lnborntories)

Two experinientul 87-ovtnne gnsolines

In nddition, blends of C. F, R, St and M-t reference
furls aud blends of these fuels with tetmethyl lend woere
wnde up and tested. (M-t fuel hns nn AL S, T, ML
octane mnnber of t4.)

The engine conditions were ns follows:

TApod 0.5
153° F, 250° F,
T F (o sty
aml 425° ¥
SO0 pred L,OOO rpm

Comprossian ralios

Engine-roalont  lemperndures,
surel n andtel

Engine speeds

Fuel-anir mitios were varied fron D4 to 1.t3 for
most of the foels nnd from 006 to 0210 for metlnnol.
The nir quuutity was estimntedd on the nssmuption
tlmt, nt the time the valves elosed, the air tempernture
in the exlinder bad renched » vulue midwny between
the inlet-nir tempermture nnd the engine-conlant tem-
pemture. The wir pressure in the eylinder when the
valves closed was wtmospherie  (referemee 2). Fuel
quuntity was determined by miching single injeetious
in n vinl lilled with eotton nml we e 1he vinl onn
clivniienl balunee,

METHODS OF OHTAINING DATA
Three dilferent types of dutn were lll'\'l‘ll' sehlieren

plintogeaphs, indientor enrds, and ig
tures of the different fuels at various I'm-l nir miios,

The geneml procedure in mnking n test was ns fol- |

lows: The engine was hronght to sperd by 1he ele
motor, the ¢ nent was tn
on, and the engine was kept motoring at
spead. When the millivoltmeter showed  thnt
temperature of the hot spot limd venched vquilib
ut the desived valne, n teip lever was polled, injeeting
the single chnrge of fuel into the engine.  The hot-spot
temperninre wns systenmtionlly varied until 0 temper-
uture wus renched ut which the clige wonld  just
igznite,

1 or more Tests were nide nt ench condition when
the minimum ignition tempermture was being deter-
mined, wud from 3 to t0 records were tuken ot h
condition when indientor enrds vr sehlieren plioto-
gmphs were being taken.

During most of the work, the inlet valves of the
engine were shronded in sueh a nnnmer (it the intake
nir was directed in o cirenlar path wround the axis of
the eyxlinder.  Air movement of this type lms been

shown to be condacive to very regulae opemition of |

|
constnnt

NATIONAL ADVISODRY COMMITTEE FOR AERONAUTICS

| the engine, sueeessive eyeles reprmluving vaeh other

very closely (reference 12),
CORRECTION OF DATA

The recorded ignition temperature depends grently
npon the attitnde of the hot wire or voil with respect
to the direetion of the wir moventent in the eylinder
md apon the loeution of the thermovouple vn the
heated portion.  Unless the thermoconple was loeated
ut the hottest section of the wire, the recorded temper-
ature wis too low.  lunsnmeh ns the moving air in
the evlinder had a large cooliug vffect, my change in
the way in whivh the hot wire or coil was turned was
very likely to vlmuge the loention of the hottest see-
tion. This clfeet is shown in fignre 2, The recorded

50
._i_r._l

T
| Temperoture,*F

.

290
Tenition points of benzene lor differen] healed-ent? positlons,

slon mlio, T4 engineconkun detapersiare, 20° F; thread pilch of filling, 1.3
niiliineters,

250 270

FiGURe 2 Compres:

ignition tempemtares for benzene are plotteill vn polur
coordinmtes for n nuniber of dilferent angulur settings
of the glow-plug lwt spot.  The voil of the glow plug
was first placwd just llush with the inside of the eylinder
hend wnd then anserewed in 45° intervals; readings
were tuken at ench 45° interval.  Inspection of figur
2 shows that great eare mnst be tnken to avwid being
misled by some frenk setting of the hot spot. For

| instoner, the vhoice of suitable settings leml to the

conclusions that: The fgnition tempemtnre decrensed
with imerense of speed, it incrensed with imerense of
spewd, and speed had no effeet,  After @ great deal of
experimentution, the hot spot was so installed s to be
fully exposed to the wir stream instond of being subjint
to eddy vurrents.  Results obtained ut this position
ure believed to be reliable,
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Burning ont of the hot wire or brenknge of the ther- |

moconple ocengionnlly made n new instnllition neces-
sury.  Ench new installation enused sone climnge in
the recorded ignition points of the fuels; the ignition
point of the S-1 fuel was therefore ulways determined
nfter n new installntion. When w tuble was mnde for
comprrison of the ignition points of nll the fuels, the
values were so ndjusted ns to be compuruble with the
lighest value recorded for the $-1 fael.  For exnmple,
the volue wetimlly determined for di-isobutylene nt
S00 rpimowns 1,250° F. The value for the S-1 foel
with the smme hot-spot instnllntion wns 1,355° F, n
dilference of 105° I" The highest recorded value for
S-1 foel wans 1,5355° F; the di-isobutylence was therefore
nssigied nn |ul]||.~lml ignition tempernture of 1,450°
K. No corrections were applied to the varions enrves
of ignition tempernture ngainst fuel-nir mtio.  The
dutn in nny one lignre nre therefore compnrble nmong
themselves bt nre not necessarily  compnmble with
the duta in other lignres,

TESTS WITII C. F. R. ENGINE

A few tests were condneted on n CF. R, engine for the
purpose of checking the trends found with the conbus-
tion nppamtus,  This engine differs from the standard
fnel-testing it in that it has o high-speed erankense, n
conventioml mitomotive-type down-dmft earburetor
instead of the three-bowl fucl-testing enrburetor, n con-
ventional throttle control instend of n throttling orilice,
nnd n specinl l\'lllllll'l' head Tmving fone 18-millimeter
sprrk-plug open stend of two.  The locations of
the spurk-plug openings nre shown in ligure 3. The
engine wns coupled to n S0-horsepower direet-cnrrent
dymmnometer,

Fierrk 3. —lacatin of spark-plog budes In C. F. R, englne.

The glow plug (hented coil) wits used ns the hot spot

for the C. F. R, engine tests. 1t was installed in the en-

gine in position B, with the spnrk plug in position A

(lig. 3).  In this position, the hented coil was not dinmet-
rienlly ()pplNlll' the spurk plug.

The engine tests were innde ns follows: The engine

am under Jond until conditions bheenme constunt;

lh(- current to the hot spot was then tnened o, mud its

tempemture wos gmdunlly inerensed until the engine |

continned firige when the ignition switeh wns momen-
tnrily opened. Pressures in the engine were indiented
by n piezo-cleetcie indientor nsing n enthode-my oscillo-
grph.  With this instrnntent, uny pronounced ndvanee
in the time of ignition ennsed by the hot spot was easily
deteeted by the change in the shnpe of the indientor
ennl,

Engine test conditions were ns follows:
Compresslen rotio . .
Englne-coolant tempernure e F
Engine specds 1. D0 and 2.10M1 rpm
Spark advance ’ 35

Fels nsed were C. F, R, S-1 reference fuel, toluene,

benzene, isopropy] nleohol, nnd di-isopropyl ether.

RESULTS AND DISCUSSION
NATURE AND EFFECTS OF PREIGNITION

A fnel mny tend to preignite and still hnve grent resist-
nnee to knock.,  This fuct is shown in ligure 4, which
presents  indientor enrds tnkenr with the combustion
nppuratns for S-1 fuel, benzene, nnd methmnol for
enginte conditions severe enongh to ennse the 8-1 fuel to
knock.  Neither the henzene nor the methanol knocked;
furthermore, it is known to be extremely ditlienlt to
force cither benzene or metlmnol into actinl recogniz-
able fuel knock nlthough thndding nnd vongh running
will ocene,  On the other hand, henzene nml wtethanol
nre both known ns |)l‘l'l"‘ll|llll"‘ fuels, hat S-1 fuel is not.

Althongh preignition is recognized to he ig
n hot spot in the engine before the intended time for ig-
nition of the clnrge by the spark, the chameter of the
Hame nnd the numer in which the combnstion tnkes
phice lmve been largely o mntter of speculation.  The
photogmphs in tigure 5 show that the Hame started by n
snmll hot spot s similnr to the Unme originnted by the
spurk plug itself.  The upper strip of photogmphs shows
the bnn ; nition was enitsed only by the spark

o started nt the top of the plmlnﬂ'rnpll

| Deing Tirst visible ns the durk region nt the top of the

1e from the left. The llnme traversed the
chnmber nud burning was completed shortly after top
conter.  The second strip of photographs shows the
burning when ignition ennsed by the hot spot ocenrred
ufter the ignition by the spurk.  The burning started

lifth fr

i by the spnrk plug nppenred nt the top ns before nud

purtly traversed the chumber.  As the Uame front np-
pronched the hot spot nt the opposite side of the eclmm-
ber, ignition took pliee from the hot spot, and the
e from the hot spot merged with the flante from the
spark plng (minth frmme).

The lowest strip of photographs in ligure § shows the
burning when the hot spot was sulliciently heated to
iemite the charge before the spark ocenrved. I this
case, the hane sturted from the hot spat nt the bottom
of the photogrmphs nud lnd nlmost teaversed  the
cliumber before the lame from the spark plig beennee
visible in the sixth frmme from the left.  The elfeet of
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preiguition of this character wounld depend on the
charneteristies of the fiml being used.  With toluene,
as in thig rase, knock wauld not ocenr hut the erngine
would lose power and foilure miglt ocrar from over-
Lieating or the engine might stall.  If a knecking firel
were nsed, the exerssive ignition advance might emise
fuel knoek breaunse of the higher peak pressure and
temperature and the consequent overhieating woulkl
further aggravate the preignition.  Largy mumbers ol
photographs were taken of the preignition of various
furls, and all of them indicate that the flame originated
by preignition has the sume characteristies as the flame
originated by a spurk plug.  The only dilference is in
the time and the loeation of the ignition.

The indiemtor eards of figure 6 show the effeet of
preignition and of a seeond spark plug in changing the
point at which peak pressure oecurs.  In rreord 389
the engine was running near the limit for the fuel, with
very light knoek.  Record 399 shows that, when two

Benzens

Methanol

Fritvag 1~ Indiootor cands for three fucls. Compresion netio, 7.0; engine-cocbat temperstiere, 310° F;
ratio fur complele corrdastin,

NATIONAL ADVISQRY COMMITTEE FOR AERONAUTICS

| spark plugs were usid on opposite sides of the chamber

withont changing the ignition timing, peak pressure
orenrred enrlier in the exele and nearer top eenter aml
thy kimek intensity was inerensml.  For meard 392,
the hot spot was nsed in plave of vie spark plug.  The
temperature of the hot spot wus so ndjusted that
ignition ocenrred at about the time the spark passed nt.
the spark plug.  The elfeet of the hot spot was therefore
the snme as that of the second spark plug in reeord 390;
the peak pressure orvurred nenrer top eenter and was
higher than with one plug, and knock ocenrred as before.
Reeard 394 shinws the pressnre canditivns when the hot

[ spot was Lot enongh to ranse very early ignition. Mot
| of the charge burned enrly on the compressinon stroke.

Snch rarly ignition eaunses the pngine to expend consider-
nble energy in compressing the already burned gases nnd
would resnlt in a serions loss of power, engine stoppagr,
or failure,

®ia.1.C.

engine spred, 500 rjan; spark ndvanes, 3 s one spark ydag, Mt
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The slata of figure i elearly show the woy in which |
preignition enn enuse knock by ndvaneing the point
nt which peak pressnre necurs.  Comparison of reords
389 nml 300 also indientes thut the entting ont of one
spark plug, when un engine is running on two plogs,
may not incrense the temleney to knoek bant, on the
contrary, may deerense it.  The renson in this rase is
obvions: The use of only one spark plng instend of two
had the same effeet as retarding the ignition timing.

NATIONAL ANVISORY COMMITTEE FOR AERUNAUTICS

This result is ut vurinnee with the opinion of engine
oprrators in general, nivd it is very desirable thnt precise
engine alnta shonhl be availuble In elarify the point.
Unpublishal alata tuken at this lnboratory, on two
ilifferent  ligpuid-voolid eylinders, lmve not furnished
conelusive informution. 1t uppenrs probable that the
offeet varies depending im engine eomlitions. 1t might
be thought that, in an netunl engine, the spark plug
whirh is ent ont overlicats nml ennses preignition.

Two spark plugs

T.C.

90° A.T.C.
Spark plug and hot spot, heavy preignition '

Frivkr 6. Knock lduced by hot gpot and by useof iwospark pdups. - Comgireston mthe, 74; enghine coodnnt demperture, 2% Fienglne gpwed, 30 rpm; spark wdvanes, 10%;
fuel, 85 pereent $-1, 15 pereent M -1, !
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Rathrock aud Biermann have reported, however, that,
when one spark plug was cut ont on n siugle-cylinder
test engiue, its electrode temperature immedintely
decrensed.  (See reference 13.)

The indientar eavds af figure 7, taken ut an engine
speed of 1,000 rpm, shaw the effeets of ndvancing the
spark, of wsing twa spark plugs, nnd of modernte pre-
Recard 426 shaws the pressures for a spark
when one spark plug was nsed.  Kuock
When the spurk was ndvanced to 30°,

iguition,
advanee of
did nat ocecur.

09n0

9

as in record 416, knoek ocenrred. When two spark
plugs were nsed and the spmrk was set at 25°, the
engine knocked us shown by vecard 423, The use of
two spark plngs had the snme effeet as advancing
the spark.  With the hot spot just hot cnangh ta
imite the mixture at ahout the same time that the
spark  ocenrred, thus neting as a second sonree of
ignition and  advaneing the time at  which  peak
pressure ocenrred, knoek acenrred agnin as shawn hy
vecord 428,

90°A.T.C.

park plug and hot spot, spark advance 25°

Fluves 7. Knoek lnduced by ot spol, by use of (wo sypark piugs, or by advaneing the spark.  Compression rato, 7.0; et

Tant Druperature, 250° F; englie speed,

1,000 Tpur; fuel, K pereent 81, 15 pereent M-1
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FACTORS AFPECTING PREIGNITION

In reference 5, Serruys shows the effects of engine
speed, intnke-nir pressure and temperature, fuel-nir
ratio, compression rutio, and turbulence of the charge
on preignition,  The dumtion of contaet of the mixtnre
with the liot spot, the fuel-air ratio, and the density and
the temperature of the charge in the engine are the
fundamental factors covered by these vuriables.  The
engine speed and the turbnlenee of the charge affeet
the duration of contact of the mixtnre with the hot
spot.  The intake-nir pressure and tempernture, the
engine-coolant tempenture, and the compression ratio
alfeet the density and the tewmperature of the charge in
the eagine.  1n addition, the engine speed, the compres-
sion ratio, the fuel-nir mtio, and the intake-nir density

T

20001 T
b _ +—4 {

§ 8§

Observed femperature, °F

8

&
3
S

A

L
. 0
Fuel-air rotio
() 8-1fued.

() Benzene.

Sk

Fravke 8. Effect uf speed on igniton lempersture.  Comgeessdon mtio, 7.0, englie-

coulant Yemnrature, 290° F; lgnition hy bot wire,

affeet the total power output of the engine and hence
alfect the tempemture of the imer combustion-chnimber
wall. The temiperature of the combnstion-chamber wall
will, in turn, alfeet the tendeney toward preignition,
Effect of engine speed.—The dumtion of contact of
the mixture with the hot spot deerenses ns the speed is in-
crensed ; the veloeity of air flow is also inereased so that,
if any tendencey for swirl exists, the mixtore will be ear-
riedd pust the hot spot faster und the domtion of contaet
will be further shortened as the speed is inerensed.
The auto-ignition of fuels is generally recognized to be
a fanetion of both time and temperatnre.  1f the durn-
tion of contact is short, the temperature of the igniting
surface nmst be higher ttan it wonld be if the eontact
were of longer dnnrtion. - Quantitative measurenemts of
this eece have been made by Paterson (reference 10),
who ignited nrixtures of conl gns and air by hot, rapidly
moving pellets.  On the basis of this knowledge, one
would expeet the ignition temperatnre to inerease with
the engine speed.  That the ignition temperntnro in-
crenses with the engine speed was shown in reference 5.
It is also shown by the present resnlts plotted in ligure 8

NATIONAL ADVISORY COMMITTEE FOR AERANAUTICS

| Care shonld be used in applying the resnlts for the
eleets of engine speed beeanse, ns the speed of a running
engine increases and the total ontput necordingly
inercuses, the temperntures of poorly cooled areas of
the inner surface will increase on aceount of the greator
heant flow nnd the conseguent  higher temperature
gradient even though the coolant temperatnre is nmin-
tained constant.  Althongh the hot-spot tempernture
neeessary o eause ignition inerenses with engine speed,

#5001 ‘Blends ofS -1 and M- 1
Toluene |

Benzene

Methano!
Di-isobutylens
Di-isapropy/ ether

g & 8

8

Thermal-plug temperature,*F

150 250 J50
Indicated mean effectve pressure,ib/sq in.

Fuir e 8. Effed of indiented mean effective pressare an thermal-plig tempeenlaee.

Englne spwed, L, M0 rptn.  1ata from nderenee 4.
the inerease is snller than the inerease of inner-wall
| temperntnre beeanse of inereased ontput.  This effect
may exphiin the faet that preigniting fuels depreeciate
with incrense of engine speed.
Figmre 9, which is plotted from duta given in reference
4, shows that the inner eylinder-head tenipersture does
| incrense with inereased power ontpit.  The data show
the temperatures of a thermal ping in the eylinder head,
recorded for the engine conditions at which the fuels
fuiled.  This thermal plug consisted of a metal disk
mounted in a spark-plug hole. A thermoeonple was
mounted in the disk.  The tewperature of the thernial
plug was not necessarily the tewperatnre of the hottest
surface inside the eylinder bnt was an indication of
the trend of the tempemtnres of parts of the chunber
| that were not well cooled.  The points for the blends of
S Fund M- 1 fall slong a1 smooth curve but those for the
other fuels show considernble divergenee from  the
eurve.  The seatter of these points shows tlmt some

| fuels will enuse considerably higher eylinder-wall tem-
perstures than athers do for the sume indicated nienn

elfective pressure.  This fact will be disenssed Inter.
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Effect of engine temperature.—T'he difference in the
way in which fuels of the preigniting type respond o
changes in the temperature of the inner surfuce of the
combustion chamber, ns compnred with fuels of the
knocking type, is shown in lignre 10, plotted from data
in reference 4. In Tigure 10 (1) are plotted the thermal-

1,800 .

1000, 1.8100 £ ngine Speed, rom

900 500
T I I

g

< 4
g t
'Eggo. i {
5 'Jﬁo.per-.:pnr.s | fuel
| a3 . S-1, l |
! gt 17 - M1
qQ, x Di-isopropyl ether
% t + Blend N d 1
[ a . N+ 3ml PbEL, |gal
i!sgo ' R P -
" '
Q
335'0
E
& !
Q
§ 800 |
E | a Toluene
x | © Benzene
2 v Di-isobutylene
= x  Methano! | ||
700 o Blend P
+ Pedml POEL, [gal
t 1 + B
(b) | o = 0 +3ml PhEL, [gal
600" 3 2 350 Coolant temp., °F

Frao kg 10— Effeet of englne operstlig conditions on rssvimerea pernadssible Guerneal
plag tengueratare,  Data ln

plug temperntires at which the knocking fuels failed
at engine speeds of 900 and 1,800 rpm and at eoolant
temperntires of 212° and 350° F.  In ligure 10 (), the
thermal-plng temperatnres at whieh fuels of the pve-
igniting type Miled are plotted.  lnspeetion of ligure
10 (b) shows that the preigniting hiels Miled at abont
the same thermal-plug temperature regardless of the en-
gine condition.  When the hottest part of the elimmber
renched the ignition point of the fuel, preignition set in.
This, the power output of the engine was limited by
the amount of heat llaw that conld be acconmnodated
by the eylinder head and by the cooling system of the
engine,  The knocking fuels, being limited by the
temperntare aud the density of the mixtire, were less
sensitive to the eylinder-wall temperature and, us
shown by ligure 10 (u), the thermml-plag temperatnres
inerensed as the engine conditions hecime more severe,

In Tignre 11 are shown the ignition temperatures of
the tolirene blend and $-1 fuel nt different engine-coolimt
temperatures and for two engine speeds,
temperature had bt little elfect on the surface tem-
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The coolant |

11

perature necessary for ignition,  This elfect is not to be
confsed with the elfeet of inereased coolnnt tempern-
e in an actiml engine where, if the engine rnns hot-
ter, there will be an incerease in the temperature of any
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1 Effect of compression ratio.- The data in higure 12
show the elfects of changing the compression ratio

‘i npon the hot-spot l:-mpvrnllm- required for ignition of

the tolnene blend and 8

1 fuel.  Figure 12 (a), for an
engine speed of 500 rpm, shows a deerease of nbout
60° F for 8-1 fuel and of 25° or 30° F for the toluene
blend when the compression ratio was changed from
7.0 10 9.5, At an engine speed of 1,000 rpm, the efeet

1 o y T 1
F: ;g perc_:nl S 1 ?/ percenl M- Olml PbEl./gal 4
| #6001 ?h“fsmrumw f 1
E —t+——1 1 {
j b - | |
{9001 1 I e
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Ignition of hmer (O0-0ctame lels,
wmpersture, 20° ¥ lgnitlon by Lentisd roil,

was very slight, as shown hy hgure 12 (b),

for the dilfevence in results with inerease in speed is not
known.

N7

5

Compeession ratin, T.0; engine-conkant

T
Fueng 1

The

reason

In reference 5, the data show a deerense of abont
80° F when the compression mtio was changed from 4.5
to 1.5 at an engine speed of 1,250 vpm. I genernl,
deerense in ignition temperntare is evident with an
inerense in rompression ratio.

Effect of antiknock rating and of tetraethyl lead.
Some correlation apparently exists between the anti-
knock values of pamthnic firels, both clenr and leaded
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ot spots in the combnstion chamber and a corre- | nnd their ignition points, cither as determined in the
sponding increase in the tendency toward ])Il'l"lllllnll | combustion apparatus or as determined in un nppamtus

| some varintion ocenrs,

like the Moore type.  Typical valnes of ignition tem-
penttures for virions fiels are shown in reference 14;
reference 5 also gives an compnrison of the ignition
points of fuels of dilferent antiknock value.  In general,
the ignition temperatures of the parallinic fuels in-
crease with nn inerease of the antiknock value, although
It is necessary, of ronrse, in a
comparison of igmition temperatures, that they bhe
deterntined by the same method and preferably with

the sume appantus and by the snme operator.

Ou the basis of the incrense ‘i ignition temperature
of the paralinic fuels with an itercase of antiknock
value, the addition of tetrnethyl lead to n parathnic
firel would be expeeted to inerense the ignition teinpera-
ture.  This effect is seen in Bgure 13, which shows the
clfect of adding tetraethyl lead to $-1 furel and to a
mixtnre of S-1 and M-1 foels.

When the tested fuels are not limited to the pavallins
there ix as yet no correlntion between the ignition
points and the antiknock valne,  Even parallinie fuels
thit lmve been brought to the sume antiknock vahie by

the addition of tetraethyl lead nmy differ in igniliu.n
temperatures,  This elfect

i shown in fignre 14,
080 — —T T 8 B | ]
k) 4—4—+ {1 2 +—+—F—+—+t i
3 C.H.(benzene) |
C.076 p—g—t+—t 4 t
L C, H, (Ioulene) l
] { { 1+ — .
1
L.o72 ?C'l:l"
=~ |
v 1§ 1
3 |
x.068 —
3 | i
-~ '—"f‘* '—’T
§'06‘f" + t—Ag—rt —t—t—4CyHyy
< [ [ -I» | e S e e B B ey
osgl L 1 1 | 8 B
.08 10 N7-4 /4 /5 /8 .20
H-C ratio

Foorkg 15 Frelalr ratlos for complete combnstion ol severnl iyilrocarbons,

where the ignition points of four 100-0ctane fucls nre
plotted.
| ignition temperatures, althongh the 8-1 fnel md the

mixtare of 8-1 and M-1 fuels are both parallinie in
type.

All fonr fuels show somewhat dilferent

The addition of lead to the mixture raised its

atiknock value to that of the S-1 fuel but raised its
ignition tempemture above the value for $-1 fuel

Effect of fuel-air ratio.—The chemieally correct fuel-

air ratios for complete combustion of several typical
hydrocarbons are shown in Kgure 15,

peratnre is plotted aguinst fucl-nir mtio in lignre 8 and
figures 11 to

Ignition tem-

14, Al these Bgures show the same

general trend, with very little effeet of fuel-nir mtio
until a mixture ratio is renched somewhat leaner than
the mtio for complete combustion,
mixtnres,

At these leaner

the temperatnres  show

ignition a sharp
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npward trend. 1t might be expeeted that the ignition
points wonld agnin be higher at the richer mixtures,
In these tests, ns the fuel-nir mtio was inereased, rond-
ings beenme inerensingly erratie nntil ignitions conld
only ocensionally be obtained.  Inerease of the lint-
spot. temperature dil not, however, increase the con-
sisteney of ignitions.  1n the tests reported in reference
A, Serrnys fonnd that the minimmm temperature for
iznition ocenrred at n mixture strength somewhat on
the rich side of the throretical value and that the
ignition temperntures inerensed  fuirly rpidly  with

| — — '
Regular presgnition

mperafure,

~~t0ccosional preigm'fior‘!
. i i H 4 +

{
|
|
|

d

Hot-spot fe

.60 .80 100
Fuel delivered, cc per sec

Fuirer 16, Cinduant

Elfvet af mistre strength,
spoeed, 1,200 Fpon.

tiel lemperatiere, @ C; engine
1t o referenee 5

femperafure, °F

Ignition

8 ’ @2 " 6 18
Volume of cool gas in coal gas-air mixture, percent

Freere 15.—1gnithag of coal gas-nir mistares g hat moving pellt,.  1atimam petiet,
2 millimeters In dinmieter; velocity, 21 meters per secunl,  Chetienlly correet
miztire, 21 pereenl. Data from referenve 0,

inerensing richness of the mixtnre,
reference 5 is shown by ligure t6.
Puterson’s work in reference tt was carried out
nhmost exelisively with mixtnres on the ean side of the
chemicnlly correct mixture (21 percent conl gas by
volume). His data at richer mixtures were erratic
but led him to believe that the ignition temperature
was higher at. the richer mixtnres. A cross plot of his
datn from fignre 4 of reference tt}, showing ignition
tempernture against mixtnre percentage, is given as
Hgure t7. The date do not extend beyond the 2tt-
percent mixtire, bnt the shape of the enrve on the lean
side conforms fairly well to the shape of the enrves in
the present. report,  The chief difference is in the point
ut which the curve begins to bend sharply npwarnd.
The enrves in the present work turn npward shortly
after reaching the lean side of the chemically correct
mixtnre; whereas, the enrve of ignre t7 does not bend
slnrply intil mixtnre ratiog far wn the lean side are

The trend found in

13

| reached,  The enrve for methanal, however, deterined
during the present work, extends eansidernbly into the
lean regzion before brenking npward, as shown by figum
t8, which gives enrves for tohiene, benzene, $-1 fuel,
wnd methanol.  The chemieally correet fuel-nir eatio
for complete combnstion of methanol is about H.t35.

COMPARISON OF IGNITION TEMPERATIURES OF DIFFERENT FUELS

The enrves of ignition temperntures agninst. foel-uir
ratio for all the fuels tested show the smme trends,
The data for the comphete list of fucls have therefore
been seleeted at a fuel-nir ratio shightly richier than the
chiemically correet ratio and are presented in tabular
form. 1n table 1 the recarded ignition temperatures of
the fuels have been adjusted so as to be comparable, ns
disenssed in u previons seetion. Vahies not adjusted
were already directly comparable,

?.400[' T

T 7 T—1T7
|
+

—

¢
;
}
§

.08 10 ]

Fuei-air ratio

Frovke Is. - lgnition o fone fiels.  Compression ratlo, Y16 rhglneradant temipera-
20 F; roglne spevet, Santepan; lgnitho by hat wire,

JIGNUCTHON TEMPERATURES OF FUELS
kan rathe, 7.7 copl Inut temperatiee, 290° F; fied-alr rathy, 018 e
ax il ignitha tetigeratore in ® F|

TARBLE ]
[Crmy

Englue spowd, rpon
Fuet

5 1,008

TW-pereent 8-t 20

racthyl leas al,

R-q

Lt Isopaugeyl vther blend

TW-pereent 8-, 2-pervent M-

Ut budaityleme

L 8-, S-pereent M -1
H

Aeljustet vahne & Fuelnir rathy, b ¢ Fued-air rathe, 0,15

The fuels are arranged in table 1 ronghly in descend-
ingorder of ignition temperatures,  Dilferences of 25° F
or less in the recorded temperntires are not considered

| purticnlarly significant, but several facts are apparent




14 NEPGRT Na. 70
from the data shown,
to S-1 fuel and to a mixture of 79-percent S-1 and 21-
pereent M-1 Inels cansed n definite incrense in the igni-
tion tempermtures.  (This elfect is shown thronghont
the complete range of fuel-nir ratios in lig. 13.)  Under
these conditions, the imition temperntures of toluene
and benzene were apparently about the zame as that
of §-1 fuel.  The ignition tempernture of the toluene
blend was delinitely higher than that of the pure
tolnene.

It is interesting (o note that the ignition temperatires
of methmol and di-isobuntylene are decidedly lower than
those of the benzene and the toluene,

TENTN WITH C. F. R. ENGINE

Figure 19 shows the results of the tests carried ont on
the C. F. R. engine using the glow-phig hot spot.  The
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’(!1.000'

() %1 tel, benzetie, wind ali-bsopropyl vther
() “Folnene aze] fapropy | aleolnl,
Frargk t lgnithm of varions fueks in 10, F, R, enghae,

data dua not extend as fur cither to the lean or to the rich
gide as do the corresponding data from the combustion
upparatus beenuse (1) the engine woukd not enn at
leaner or richer mixtures than those shown and (2) in
some enses, there was insullicient fucl on hand to obtain
more than one or two points on the curve,
(1) shows the recorded temperntures for 8

zene, and di-isopropyl ether,

Fignre 19
1 fuel, ben-
The di-isopropyl ether

The addition of ll‘lllll‘lll\l lead |

| it was started,
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availuble was sullicient for only one run; the indiention
is that the iguition temperatore at an engine speed of
1,000 rpm is slightly higher than that of S-1 fuel at the
samie engine speed.  Operation with this fuel was very
stnooth and steady.

The elfeet of engine speed for the C. K. R, engine was
comparable with that obtained for the combustion ap-
puratus, as is shown by the data for S 1 fuel and
benz The temperatures recorded on the C. F. R,
engine at 1LOOO epnrare surprisingly near those recorded
on the combustion appurntns at 1L,OOO rpin.  Inasumch
us dilferent types of hot spot were used and as the re-
corded temperstures depended greatly on the position
of the hot spot, the chameter of the air How past it, and
other factors, the agreement of the temperatnres with
those in table 1is probably fortuitons,

Figure 19 (h) shows the recorded temperntures for
tohiene and isopropyl aleohol,  The speed effect is aguin
prominent, and a downward trend at leaner mixtores

speed of 2,000 rpin is also evident.  The
engine run very irregnlarly at the leaner mixtires when
ignition wus started only by spurk but, when ignition
was started by the heated eoil, the engine operated
smoothly,  This elfeet ean mdonbtedly be attributed
to the large and intense sonrce of ignition furnished by
the heated coil,

8

S =
|Chemically correct mixture

Peck femp., *F absolu
3 U n
&
[~]
§ 8§

A
8
S

Pegk pressure,afm

J2 A4
Fi uel- air raho

-
=
Ed
L3

Ftheet of fiel-air radin on estbunted peak trmperatinres mied peak poes
BINes, mpressbin rati, 5 Witlal temperature, 112° F: inblal pressure, 1.0
ntmsphere,  Data from refereme 15,

The heated coil received a part of its heat from the
combnstion in the engine, and the rest of the hest was
obtained by eleetrienl heating. e the ease of methanol,
the heated coil reached the ymition temperature of the
wethanol very quickly after the engine started lirinmg
and withont the addition of cleetrienl henting,  The
engine could therefore not be run with methanol as fuel
beeanse the engine always stalled o fow imontents after
As nearly as could be determined,
preignition started when the hot-spot tempernture was
between 1,375° and 1,400° I,
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REIAVION OF BENZENE IN THE ENGINE

Au inleresting phenomenon was enrountered during
the preignition tests with benzene, At fuclnir ratios
near the theoretienl ratio for complete rombus tion,
preignition after it lind oner sturted bernme entirely
uncontrolinble nud stulled the engine very gniekly, even
thongh the heating eurrent: was tnrned olf as soon ns
preiguition started.  This elfeet invariubly oceurred at
fuel-nir rtios near the theoretienl bul, at ratios some-
wlint higher or fower than the theoretienl, the preigni-
tion conld be readily vontrolled by varying the heating
eurrent. . When preiguition started at the mtios where
it was uncontroltable, the tempernture of the hented
coil immedintely begun 1o rise very mpidly, even with
the heating current turned olf,

1t nppears unusuat that the ignition tempertures of
benzene and iso-octune (8t fuel) should be so wearly
the snme and yet that benzene shoubd have s
fnvornble preigniting 1endencies. ure 4 showed that
benzene gives rise to higher thermal-plug temperntures
than does iso-octane at the same  indiented
elfretive  pressure; therefore, when henzene
the preigniting tendency is greater.

menn
is nsed,
In lignre 20, the
resubling
the burning of benzene-nir nidd  iso-octane-nir
ures nne shown plotied agninst fuel-nir ratio, ns
enleulnted by Goadenongh nnd Felbeek (reference 15).
The combustion guses, when henzene is used, rench a
higher tempernture than with iso-octane beeause of the
dilference in 1he hent capaeities of the prodnets of com-
bustion of the two fuels.  When benzene is wsed inoan
engine, the e will therefore run hotter thun it
would run with iso-octane. 1 the disenssion included
in reference 11, R. V. Kerley mentioned that the
liminosity of 1he benzene lhme may  ennse
engine temperntures beenuse of the grenter rudintion.

peak pressures awd the penk temperniures
from

CORRELATION OF FUEL REHRAVIOR WITH IGNITION TEMPFERATURE |

On the basis of 1he results obtnined nnd the foregoing
diseussion, any method of evalunting the performance
possibilitios of furls with respecet to their pre
tendencies will probubly have to take into seconnt the
hent enpaeity of the combustion produets and the heat
of combustion of the fuel, us well as the ignition temn-
pernture. A method of testing in sn engine might be
developed in which both the combnstion-chnmber-wull
tempeniture at some specilied outpnt and 1he ignition
temperntnre of the fuel would be deter
furl.

CONCLUSIONS

. The Nmne originated by preignition has the snme
lIunnrlvrhluw us the lne urlgmnlml by n spurk plug;

the only dilferenen is the ticie nnd the loeation of |

ignition,
2. The results indiented that preignition, in addition

1o its serions effeets when it becomes vousidernbly |

1 for ench
|

b ]

||}I\'||||rml. may canse knoek by advancing the ignition
timing.

3. The data indicate that in an engine having ignition
by twa ~|mrl\ plugs, entting ont one spark plug may not
necessarily increase the tendeney to knoek birt, an the
contrary, may rechice the knocking tendeney ; the elfect
wankd be similar to that abtained by retarding the
spark.

Deprecintion of preigniting fuels with an inerease
in engine speed ean be pxpluined by the inerense in the
temperature of the poorly cooled portions of the romn-
bustion climmber, sueh ns spark plugs, with an inereased
ontput of the engine.  Althongh the ignition tempera-
ture inereases with engine speed, the inerease is prahahly
less than the inerease of the tempernture nf sueh hot
spots,

The unfuvorable pre tendenry of benzene
enn prolmbly be attributed to the fuet that the benzone
Iame reaches a higher temperature than the gasaline
e, ennsing higher temperntures of the inner surfare
of the combustion elimmber.  Conseqnently, benzene

tht preiguite at engine ontpits that do not canse
preignition of, for exnmple, 1tHl-oetane gasoline,

Dilferences in the ignition temperatures of the
virious foels tested (with the exeeption of methanol)
were not strikingly great, and the maxinnmn permissible
specilic ontpnts with the fuels conld not he correluted
with their ignition temperatures, It sapprars possible
thnt some combination of ignition tempernture, hent of
combustion, nnd specilic hents of the prodnets of rom-

mny  determine the maximum ontput of
oniting fuel.

LaxcrLey MEMorian AErRox acTical LAnprAaTORY,
Nattoxan Apvisory COMMITTEE FOR AERONAUTICS,
Laxcuey Fiewn, Va., September 16, 1950,
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Positive directions of axes and angies (forces and moments) are shown by arrows

Moment about axis Angie Velocities

Linear

Sym- Sym-| Posi Sym-

o Dedgraion | 5| QR | PR | T | oS Ao
. axi

X Roliing L Y——Z v
Y Pitehing.___| M Z——X 0
14 Yawing....| N X—Y v

Absolute cocflicients of moment Angle of set of control surface (relative to neutral
L M N position), 8. (Indicate surface by proper subscript.)
C|=Ebsy 0.. - 'qt‘ 0.-653

(rolling) (pitching) (yawing)

4. PROPELLER SYMBOLS

Diameter 2 P
Geometrie pitch P Power, absolute coefficient Cp oD

Pitch ratio : : e
Inflow velocity C,  Speed-power coeflicient=y /5
Slipstream velocity » Efficiency

Thrust, absolute coefficient C'r——:;'n‘ s Sl giiona pi aosnd. g v
s [ Effective helix angle=tan"(2—m)
Torque, absolute coefficient 0.,—‘,—"?5. 2

5. NUMERICAL RELATIONS

1 hp="76.04 kg-m/s=550 ft-lb/sec 11b=0.4536 kg
1 metric horsepower=0.9863 hp 1 kg=2.2046 1b
1 mph=0.4470 mps 1 mi=1,609.35 m=35,280 ft
1 mps=2.2369 mph 1 m=3.2808 ft
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