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' The application. to engine conditions of
Iaboratory experiments on self-ignition of fuels..

S byTonsRbgoner.

.;_;In_recent'ycéréﬁitfhaS"bOen‘geﬁeraiiypédéepﬁéd:thét.ﬁhe” ;

" knoeck. process. is the self-ignition of a residual portion of unburnt -

- charge. According to this theory the physical state of the unburnt

_fuel-air mixture to self-ignition in the given conditions. ./

mixture residue, 1.6, its temperature, density, composition ‘as woll as
the time. during which the mixture remains in this state has a decisive

“influence on the appearance. of.knockingj - so has the tendency of the

_ r, Jost has }oported;on“the*éelf—igniﬁionftéSts'onwédiabatic*

comprossion of fuel-air mixtures, carried out in the Institut £lr
.. Physikalische Chemie at Leipzig. The tendency to self-ignitlion, ',
“ measured in induction times; of carefully purified paraffin fuels

depends strongly on the temperature, but only to a much smaller extent
on density and mixture strength. From the data of the preceding
report the following numerical function can be indicated as a guides .
8 50% reduction in density corresponds to the difference-of induction
timo produced by a 1 to 2% variation of the absolute temperature,

Tho results of engino:tésts’banibé briefly sumied up by

‘saying that the offect of temperature, density and mixture'strength“

on kncoking is of the same order of magnitude;~this only means that
it is not permissible to neglect.one of the three variables for the

~ other two, In‘OrdéfffoinVestigéte‘the‘question”whcther-this*behavipur 

of the fuel in the ongine can be explained with its self-igniting
properties, we should start by considering the physical state of the

“unburnt mixbture residue, Tho task is thorefore to determine the .

100 gnd empirical composition (CHg ),
‘heat. of unburnt and burnt gas were Paken from H. Kiihlts) "Dissociation
of combustion gases and its influence on the efficiency of gasoline _
engines", VDI~Forschg. Vol,373. - S e e

precise value of the various characteristics of the residuc.

e A first approximation can be obtained by assuming a very fast:
combustion at top.dead centre and neglecting heat transfer, the. .. =~ .
temporature and density of the mixture residue can be calculated from
the thooretical final temperature of the burnt gas, the specific heat
of the mixture and the number of mols ratio before and after = _
combustion, As the combustion proceeds, the temperature and density
of the unburnt residue rise further above the compression tomperature

-produced by the piston motions Fig. 1 gives the calculated final 3
' temporature of the last (infinitely small) residue as a function of

the excess aipr coofficient ?  for a gasoline of mean molecular weight
The figures for the specific -

o A T Am l.Qs.thTmixture reaChé;tﬁﬁe;maximﬁm temperaﬁhﬁé;f th5
tomperature decrecases steeply with an- increasing fuel excess, less

steeply with an air excess. For each value ofk in Fig. 1, the

- compression ratio was calculated to give the same final temperature
(Pige 2). Tho self-ignition tests gave:rise to the assumption that:
independently, of the mixture strength knocking appears at a certain’

temperatura: e.gs if the admissible compression ratio of a fuel at -
stoichiometiric strongth has been arbitrarily chosen as 8, the

- admissible compression_ratios.fdr{different mixture strengths should:

< . - l'_ - T -



coineide With the curve of Fig, 2.
- Fig. 3 13 used to draw ébﬁparisonS?withfdpératibﬁa1 ?Tj'

'5xperidnces.7;Curve»b‘likewisegapplies to & pure paraffin fuel, -Air

deficiency and excess-allow tho compression ratio to be increased to .
approximately'tho‘samejqxtent,f.Fromfa;mérely]qualitative_standpoint :
the measured and calculated knock-:-limit curves are similar, For a . -
‘more accurate calculation othor factors must be takenTinto account, ' .
which_postuléteaaiconneotion,between‘the!final tomperature and the
excoss air .coefficicnt; among:these come first flame: propagation = -
-velocity and residual gas heats :-The former shows a marked maximum at

A1, i,0. in the rogion of moderate -ovor onriching; —any- reduction—

.,0f this at constant ignition timing produces a lowoer peak pressuro,”
Cand qonsoquently*dlsbglbwor'final_tcmpcréturesgof,unburnt‘reaidual R
g£asos. This oxplains tho positive . offect of a marked air 0xcoss on
‘tho knock process, In the ongine, knocking is always found to-be =~
strongly dopondent -on préessurc.: Fig, 4 shows-the ordor of ‘magnitude,:
Thao points of this curve have boen obtainod as ‘follows: tho intako-

‘toupcrature was_varied, for each tempersturc tho boost prcssurc was -~

‘dotormined‘atrwhiohiaudibicvknockingzoccurrod; and ‘from the  correlated
figurosffor'intako‘tOmporaturo, boost prossurc, comprcssion ratic and
mixturce stroength, the density and tomperature of tho last unburnt
residual gasos wore calculzstod. Tho curve shows ‘thercfore the
corrcsponding valuos of theorotical final temperature and final
densiby at the knock limit,: .According to this a 50% pressure rise -
viould roquire. a 909 t@mpératurc ‘drop, i.c: 10% of tho absoluto valuo,

~in ordor that the knaock limit bo not oxeceded, = =~ - e R

i SR : ‘ SRR o . SRR A

i The progssurc effect can only be discusscd if‘tho hoat trensfor

is originally takon into account.. Bach boost Pressuro .ris¢-increases

tho thermal.stress~of;thezcng1no, which moans the cylinder wall - ‘
temporatures and tho tomperature of frcsh gas as a result of hecat

induction. DBy .collecting sovoral experimcntal enginc tosts on hoat

induction we havewiado en approximate costimate; .it shows that a 509
. boost pressure rise allows tho absolute temperaturc of the unburnt
rosidual gases to bo increased by no more than 3 to 47, s

B ~The knock limit curves, an example of which was shown in

- Pigs 3, aro generally°plotted at constant knock intonsity. It sSoems.
justifiable to assume thet an approximately constant amount of oncrgy
must be contained in the pressure waves in the gas chamber if g T

constant knock intensity must be attainod. The tiigher tho mixture - - -
density, the smaller must be the dotonating volume to produce a-—
constant . amount. of gnorgy in tho shape of pressure waves;  and’
.consequently the lator must the solf-ignitiOnﬂtomporaturcvgg*poachdd
in the -unburnt portion. ~A lowering of the initiael teipefature must -
thoreforo bo connoeted with the boost pressurc increaso, in order.

. that solf-ignition actually oceurs: only .at a-leter stagc of .the
corbustion. A rough ostimatc shows_that ot very markod knocking a
“50% donsity increasc must go .togcethor with a 3%-dceroase of initial

or compression temperaturo, if tho energy of the knock vibrations
must romain censtant, . . . . U R P

T Lo ‘—'s.

=

: «~Summing up the action of hoat induction and of donsity effoct
on knock energy gives the.ro¥ult that a 507 pressuro rise must be: -
coupled with a 6 to 7% temporature drop. if knocking is not to increase,
Engine togts showed that touperature must be lowcred by about 109 to
balance the seme pressurec, risc. .The order of magnitudo of indircct
pressuro coffect is thoroforc quite comparable with thot of obscrved
pressure ¢ffects The quostion whether thore are other indircet -
pressurc effocts on the self-ignition of unburnt résiducs in the ongino

. cénnot’ bo answered as yot. Evon if self-ignition wero based on.a .-
difforent tcuwporaturc and prossuro law from the one &ssumed by us, .
the indircet prossuro effccts montioned had to be considerod When' tho -
matorial obtained from cngino tosts was discussod,’ L - .



O The conparlson between knocking and self—lgnltlon of fuels
v!can be concluded ‘with the. ‘result that. important features. of the - .
‘reaction of fuéls in the englne can be’ explained with the prlnciples
“regulating self- ignltion. A -moro: thorough quantitative . explangtlon -
“requires still mere detailed data on the ‘self-ignition process -
CSP@G‘dllf at sherter«anductienﬂtmmes as well as over. the SUate of
the unburnt re51dual gﬂseh in the engine. f‘” e e e

e The dec151ve factors as- rogards knocklng, such as fnnal
temperature, final density of the unburnt ‘part and time ‘availablo- for
the mixture dlstrlbutlon can be determined in the engino: by indirect ,
as well as by direct mothods; this is donc by callbratlng an’ cngine s
with- varlous fuels,  Tho~ fundamental concopt of this:proccss -can be- )
explained as follows: it is assumed that the’ ‘onset of knocking in- -
"~ the cngine-depends on throee factors; final temperaturo T, final ° v
denaity A, time available 7° . Knockang occurs for: certaln correlated
“-valucs..of the threo varisbles, the knock 11mit can therefore quite ==
generally bo ‘oxpresscd by ) (T P,T) =0, the index 1 meanlng that
this knock limit surface rofers to fucl 1., The variables can be taken
as axcs. of a right anglc: co- ordlnatc system (O ‘ :

om0 I 'we cQIculate the samo. factors from englne tcucg, the i
values will prosent, e Zg %e ic dlfferonce~ we shall there= —
fore call thom 7!, £ e glg e,.vg,aya 193 ’E 6t & right angle system I, tho-
p01nts with tho ame co-ordinates do not’ correspond in tho two systcms-
1.0. tho calculated and the rcal valuos of the thrce factors do not
coincide; or in other words we attribute quitc different valuos in
dlfferent ongines to the same true valuess In the system of -true
values one point can be dotcrminod by the knock limlt surfaces -of §
three, suitable fuels, which intersact each other at this very- p01nt.‘
If we pass to the system of calculated non-corracted. ‘values, this
int P appoars as Py, the three knock limit surfaces meetlng in P
must intersecet each othor now also in point PI of systom I, ‘as well

ag in point P17 corrosponding to P for an ongine II. The: p01ntu of
interscction of the knock limit surfaces of throe fuels for dlfferent
cngines indicate then that in these points of intersection the throo
factors T, £, T ‘assume the same truc. value.- Theorctlcally, by '
repoatlng this procedurc in the throc-dimensional system of theo -
various engines, the equivalont points could be co-ordinated. IF thon
- wo plot for an engine tho knock limit surface of a new fuol, this
~surfaco cen be cdleculated in advancc for other engines by plocting

it on the points equlvelent to those of the flrst englne.

In this system we use the fusls thomsolvos to "indicetc"‘ o
o cortain physical state in tho. unburnt residue, by physicsl statc
. moaning all the factors decisive for the Pnocking. -We. assume that
‘the difforences in tho.bchaviour of diffcrent engines Wwith the same
fucls are duc to tho differont physical state ~of these onglnes- this
stete is d¢t&rmined by tho constructional-features- of cach engine vfif

- 'and to a certain extent the various fuels find it there. In fact.

“howover the various fuels Will contribute to determine this phyulce]
- state; if this influonce grows beyond 'a certain llmlt the described,
'systom naturally\looos its: fundemontal accuracy. o

R We shall add a qualitatlve comparison. with' englne “test
roesultss Fig. 5 shows knock limit tests for two engines and threc—.
fuels, undertaken in the Institut flr. Betrlebsstofforcchung of DVL, -
The varlablcs are intake temperaturt and boost. prossure; - thoy covld
be convertod into final tewpeorature and final densi ty, leading mainly -
to a distortion of ordlnatos and absclssao- qualltat1v01v the plcturc
: Woula be the same, o L o -

The differonce between englnc I and II 1s thet all curves are
~displacced in the same-direction; their opposito-érientzbion, roughly.
 charactoerised by tho sense of rotatlon of tho. trianglc eneloued by the

-
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curves does not vary, the curvature changes in the seme - sense 1n all"
curves, This qualitatlve rosilt should however signify that in effect:
the fuels find guite a different physical state in the two: engines, =
even if the same state would result from calculations ‘based on- intake
temperature boost pressure etc. . It must however be stressed that the
figure. apparently ocbeys a- comparatlvely simple law. -The co-ordinatlon.
of the points .can also be effected so as.to produce an’ inver31on of -
"the sense of rotation of one of the: triangles formed by the: knock ,
‘1imit curves. ‘It must also be considered that the whole theory must e
'@ plotted on. a polydimen31onal space, in case more than three variables
charactorize the knocking process.,‘e SRR e P Qi ESERY s
. It seems to us that 1n a discussion on the posszbility of
transfor of tho ‘test results of ‘one engine to- another that these main
con31dorations must be wholly bcrne in mind., R L .
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Fi . 1 - Calculated final tomporature of unburnt mixture as a g

- *- -~ function of excess air coefficlent. o

_lElg+.2v; Calculated compressmon ratlo producrng a coestant flnal
: tomperature. T . e

()1

- Influence of oxcess air coefficient on adm1331ble compre331on

g,
B _ratio, (F.VSeeber)

;;“

Pig. 4 - Calculated.final. temporature and final density of - unburnt
‘ cSldqu gases. (Rothrock and Biermann)

Fige 5 .= Influence of 1ntake temporature on pcrm1531ble boost
o pressure.~ : C _ a





