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' Recent experiments on self-iznibion of fue
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- under adiabatic compression, T
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77 . The theory we have advocated for years, i.e..that knocking -
is nothing but a self-ignition of the last residues of unburnt charge
in the ongine, can to-day be considered as almost generally accepted.
Naturally our theory is based on the assumption that no2portion of the
oylinder wall is incandescent in the proximity of the laat burning
fuel-air mixture, 'In othor words we consider only rationally built .
and operatod engines, neglecting any eylinder wall reaction (apart”™
from heat exchange,'which lasts longer than the self-ignition process).

_The purpose. of further research is nows

1. Moré.thor6ughlyrtofstudy'the.features:of the'kﬁOCR-pr0c5§8;’;

2. To find out what Gontribution self-ignition tests offer o
- ..the problem of cngine development., : ' . o B o
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v . In this report I shall deal with the first question, leaving

mﬁr.vRBgener to discuSs_the second one in the next report. .

: 1 should mention a trivial cause of tho difficulty of solf-
ignition tests as compared to practical detonation-tests: each = -
detonation measurement on the engine represents the average of many,.
possibly thousands of single cycles; in spite of marked variations — -
between them the final result i1s quite dccurate, - In self-ignition.

“tests the final result must be obtained from very fow single measure -
ments, which must therefors .be highly accurate. iioreover some of the
operations, such as producing and cheeking the mixture, are much more

difficult in the case of isolated tests then with periodical oporations.

3

. "The experimgnts doscribed below constitute only a makeshift; .
owing to war conditions a new equipment planned two and a half years
ago could not be produced. Wo had thereforo to choose the probloms ..

-according to the available gquipment, Self-ignition tosts at. ,
induestion times;of‘some_IO-ﬁ to a maximum of 10-+ seconds are possible
with the-present equipment; longer induction times, which however are:
-outsido tho range of practical oporations, are not covored because -
tho orrors due to cooling becomo too great. Should another test mothod
be applied, such as a flow into a pre-heated container, instead of g
cooling errors there would always be cylinder wall offects, For shorter
induction times the 'measuring range 1s restricted by the finite R
duration of the compression, in the ‘course of which & pre-flamo =
ignition occursy this howover will be overcome with a new equipment.
now. in the course of conStruction, which will ‘go up to a few 1/10,000
Scc. -Anothor fundamental difficulty in the measuroment of very short
induction times should also be montioned. The dimensions of the
oquipment are too large; with the result that high piston velocities

aro soon rcached, which produce in the .compressed gas shock waves of
considerablo'ampiitudo; those cause unfavourable test conditions,
(¥aturally the same could also occur in the engine): Moreover the .
investigation of high anti-knock fuols is difficult, bocause the actual
compression ratio.at the requisito high initial temperature (80° to
120%) is not completely obtainable, In the new oquipment planned by
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,us wzth a piston design by Tizard and Pye this d;fficulty toe will be
overcome. I e
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' First of all we have contlnued our. systematic tests on
}'n-heptane after it had appeared that tho attempt to measure the = - -
susceptibility to lead of higher anti-knock fuels is “impracticeble,
owing to the. dlsturbances caused by the lubricant in the present .

,equlpment._;_ ,‘n o AT o R -

L Mr. Tciehmann had found that the mixture strength when the true
. final temperature is considered, has very little offect on the 861fs -
dignition process.. In Fig. 1 the obtained induction tlmes are plotted
(logarithmically) as a function of the mixture strength ({air-oxcoss
factor A ) at . constant 4nitial temperature ‘and compression. ratios ¥
appears to vary. een31derably as a. function of A . The same variasbles
arg plobtted again in Fig. 2, with the difforénce that 1/T is plotted
as.abscissac, T being the terminal temperature calculated from the sl
“initial tomporature -and £ , teking into account ' { = Cp/Cy) which
varies rather markedly with £ . Within the limits' of accuracy the

line obtaired (log-T against 1/T) agrees with that resulting from.
measurcments at varving compression ratios or varying initial
.terpergtures.; Within the limits of accuracy T does not depend on A

as . long as we comparec: tests at equal terminal temperatures~ or else
at constant initial temperature and compression ratlo ,( varies and so
too the terminal tomperature varies wath A v = _

: 2. Tizard and: Pye and subsequently Texehmann had already found
‘-tnet T varies but little with thegpressure p (in fact it is gpproxlmately
inversely proportional to it).. In both cases p was varied (within = .
narrow limits) in such g manner that the same terminal temperature was

obtained by simultanoous variation of initial tomperature and
-compression ratio; Teichmann, moreover used mixturc pre-compression,
In-our present experiments the initial pressure was varied by as much
as 40%. The results-are collected in Fig, 3. Initielly thors secums
to. be a slight ‘but noticeable pressure effect (Doviating from the
straight line in. Fig. 3, which reproduces tests at normal pressure)..
For rich mixtures however this disappears at the longest induction
times. This is explained by the following: at higher back pressures
the .compression lasts- longor, with the result that the pre-reaction:
bofore totel coupression plays a bigger pert; this is most apparent
at the shortest induction timos. Altogothor these tosts arc most
consistont, if it is assumed that T is indepondent of p. At the ond -
we shall deal with the slgnlficance of this result for the kinetics of
tho roaetlon. R ,

- 3. Subsequently we havo 1nvo°tigated the self-ignitlon of n-heptane-
“air miz tbures, with additions of Hp, CO2 and CHg., This was done in
view of the pOssible effects of res1dua1 gases. ' W " o B

_ if a puro n-heptane-air mixture ot tho given condltlons had
T g 0.014 sec, a mixture with 2, 6/ Ho gave T ¢ 0,016 sec., one with
4,5% COp.T n 0,025 sec. Whether it. is that hydrogen has a .cortain
inhlbltlng action or that the variation is purely accidental cannot
-bo deeiddd owing to possible oxperimental orrors., In the cese of COg-
the rcduection of r(slows down tho process and the Same can be said of

CH4 .

: Further 1t had been planned to replace the air. nltrogen
with argon but these tests could not bo oarried out because _our argon ‘
cyllnder ‘was- lost in tran31t. ;i . o ‘ . ,

4. Finally mentlon should be made of some - tosts on isomeric
Xylenes, at the request of Mr. v. Phllippovieh. .
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»The critical conpression ratio (KKV) 1) varies quite considerably.:
.According to Boyd it is-T._.;\ C e - T C

“,..

‘:o-e'li "m-~,j,;;p- Xylene oh:

o KYV 9.6 . 13,6 14 z

First. of 21l we measured the thermal dissoclatlon velocity of the
pure compounds finding the follew1ng relative values at 6169C:
R 10,7 2.7 ,-;‘1 ';r '..H~ j3f= ,};;'[ 4nu»?+

The thermal process runs parallel to the: anti-knock value. Therefore

the slow oxidation velocity measured by Hr. Sieg runs “parallel againj
the temperature of . initial" ox idation méesured in a flow arrangement ‘
~is as follows‘_ﬂ.géf R T PSP ,.-.-;‘-,. [ W o
”'““500° ;“f’ 588° ©59890 | “,'ti;‘ ”f»!'f S

——

.ﬂSee Fig. 4. Recently measurements of induction times for. self 1gn1tion
gouig be made at T = 5789C; the follow1ng preliminary values were
e ou : ' A ‘ . : e . e L . : .

0. 005 R 0. 013 o, 010 sec.

The 1nvor31on of the figures for p end o-Yylene may be considered
‘ Wlthln the limits of accuracy.> T

The replacement of air nitrOgen with argon in the scientific
3 1nvestigation of self-ignition way give valuable results: namely it

- allows the testing of extremely high anti-knock: fuels in average .
conditions (of comprossion ratio and initial temperature) which
simplifies’ considerably the necessary equipment-_ naturally it must
first of all be checked whether the presence of argon has the sam
effect as nitrogen. SR . :

C To avoid misunderstandings it should be mentioneo ‘that the

- use of A instead of Np in tho engine would affect the knock behaviour
in a manner difficult to appreciate at a glance; . boside x , also the -
heat transfer and to a high dearee the flame propagation vclocity N
are affected.. -0 R : _

| I

The parallel found botween"_ ;f

._fl. Knock bohav1our (&sV)“
. 2+ Self-ignition behaviour _ _
- 3.,  Behaviour under Slow c oxidation
L ;4. BehaViour ‘at: the thermal dissociation
in Aylenes is so remarkable, that it hints at the p0551b lity,of the
gsame primery process applying in all cases.. This could only be . o
OotabllShOd by a complete explanation of the kinetics of the reaction.~
: The results on n-heptane can be: summed up as follows-. if we .
vary [_ ‘P or ¥, within the limits of accuracy the variations ‘of the
knock~behav1our observed at constant € are due to the varistions
occeurrring in- temperatures. Naturally a slight 1nfluence of £ and p.

will manifest itself. T —

: I should like o stress that this result is satisfactory,
ospecially as regards the A cffoct, “In"the case of slow oxidation .
~and. low pressure self-ignition often mixture enriching produces an .

1

1)Thc eritical compression ratio being the_compression'ratio at which
knocking starts in a test ongine, in conditions similar to CFR- '
rescarch method. e z S : :



extremely steep increase of the ignitability.  IFf at high pressure d -
ndticeable_mixturefeffactvwere‘apparent,‘this.could*ﬁot,be~r9conciled”-
‘with practical experience. Taking into account all heat effects, en -
extremely small variation with alteration 'in the excess air ratio A
affords the natural explanation for similar variation found in the: -
ongine; - I shall mention this point again and ir. RBgener will discuss
it in bis papers | T e s it e e R o
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o .- The following points should be noted to avoid misunderstandingss: -
~the fact: that the induction time”is independont of the pressure in no .
way means bthat- the reaction velocity is “independent of the pressure, . .- -
’ but;rather‘that‘thiS‘is“pﬁopgrtional'tthherfirsthOWer of the pressure;
~in other words the reaction velocity must be doubled, to convert a
‘double fuel quantify in the same time, The same would dpply to the
dependence on the hydrocarbon concentration. The results can be "
oxpressed in the following formula ‘for the reaction velocitys -

vt e [op] P41 (mi P41 (0 2 nydrocarbon) 1)

o \In/the formulé*we have'aSSumed a‘felaﬁively.wide 1imi£ off -
‘adeuracy in the order of magnitude, corresponding to T = p0% 1,

We should mention for the purposo'of'comparison'that’BodenStein,findé’ v
‘for the slow oxidation of .acetaldehyde at low pressure : R

S e ko ¢k [0g) . o
which at high pressures (lkp negligible against k3 [Oél’) and constant
 strengths ( [A] and [0g] proportional to p) leads to the same ‘pressure
effeet, Our result is theroforc not anomalous. Porhaps. in the = -

prosence of anti-knock sdditives or in the case of unsaturated
compounds a stronger concentration effect may be expected. Even if
the kinetics of the knock reaction were thoroughly investigated as
rogards their bdaring on cngine operations, it would still be difficult.
to follow the. actual process in the engine. The following consideration,
~which is already implied in our earlier observatlons though not 2
explicitely presented, illustrates how a hasty evaluation of operational
observation can lead to wrong inferences. I -

i

I is'éssumed that: -

1., In the knock process ¥ is not.dépéndeﬁt on pressuro and mixture
strength; the reaction varies as an exponential function of

. T with higher activation energies. I -
2, No heat transfor occurs im the ongine (¥r. Rbgener will point
. to its great importance for the interpretation of knock- s
observations on the engine); - in spite of this the same . =
. vapiation of the knock behaviour as a function of A , pand T -
_ is not found in the engine, as assumed for T . — :

- Knocking is dotermined by obtaining tho same knock intensity
more or loss accurately under varying condition with any indicator -~
(it can be the ecar). Without going into the question of the objective
recording of knocking, which has not beon quite satisfactorily solved.
even in practice, we wish to make the simplest assumption: equéxalent,
knocking in the samec engine means equ}valent liverated cnergy in

F.Y/ ; .
1) in which the chomical symbols or abbreviations in sgiare brackets
mean the ‘concentrations of the c¢leoments, .which-are in turn - - .

-~ proportional to partial prossures. T

27 or-more accuratdly equal 4-F or A G.

/



‘the detonating portion. This is in any isse a plausible assumption,
;which cannot be’ very far from the truth _ "

~ : If I have an engine that just starts knocking, according to
the above assumptions doubling the pressure would double the ‘knock
‘rate. - To return to the original intensity of knock I must alter: . -
~anothen varisble, perha s. the compression ratio ‘and a quantitative

SE ui&-show that~thé variation would: be-éonsiderable. ~This. gives~
the . wrong 1nference cf a con51deraole pressure effect on, the knock
reactlcn.. SR . Eoos L _ : v

17 Conversely" If“I raise the inltial temperature, e.g. by 25%
‘of its value in Kelvin degrees, knocking will naturally increases = = -
But as this implies-a:25% lowering of the, volumetric efficiency; this
.knoek increase falls off. considerably, as compared with what could.

be expected accordlng to the" temperature dependence of the gelf-
ignition reaction.- This gives the wrong 1mpression of a. very small
'temperature effect on the knock roaction. :

R The experiments were oarr:.ed out with- the support cfcthe :
.D.V.L._ We owe thanks to ur. v..Philippovich fcr several suggestions.

1y L F : : L

)_'If we could record the knocking w1th a pressure 1ndlcator of\vnv-

'_infinitely small dimensions, ‘fitted at the point where there’ is
an infinitely small r031due the smaller the knocking residue, ‘the -
more intensive would be the knock obtained, This case may however.
be ignored bécause: 1, such a recording is exceptionally -

~improbable, 2, the results thus obtained would contrast with the
othorwise determined knock behaviour. _ ;

i

»Fig; 1 .- Self ignition of Heptane-air mixture at varlable air excess.~
_Fig.. 2 _Self ignition of Heptane~a1r mikture._ Induction time as a
Ll e function of the temperature.‘_'? e _ ,

Eig,vs -gSelf ignitienref—Heptane-air mixture.“Supcréﬁerge effect.

Figr 4 - Slow oxidation of I,  o-Xylene SRRt
. I, | meXylene |
- IIl, p-Xylene.





