 DISCUSSION.
. (ppse 71~ 77)
" Zgise.,  E. Schmidt's results show a cleqrigebendencgsonvmixture;h'i-;.
_strength and pressure, This may be explained by assuming that a = .
—formation and_spOntaneous'diSsociationfpfgintermediatejcompounds;;e;g;,[
. of 'a:peroxide, takegplace,nghusJthere;would*always.be anvequilibrium;lH
gmbetWeenffopmapionsand_dissociatiOn;, and”thé»highervthe¢pressure;”thqﬁ‘
more,the'diBSociatiOn4ichounteraCted;_ The“curve”Shbuld*conéequently,f
wvmove-tofthe,rightg1n,proportion, and. its maximum corresponds to this, _.
equilibrium, Thefshiftingﬁcfﬁthe*curvea:to.thq:right'as.the compression.
" patio mounts would then correspond to"a;repressionjof,a;reactggﬁigngmely ;
the reverSeireaction;ﬂfThegspontaneous?decline could be interpreted as
"follOWS€ffinvthevmaxima5previouslijccurring,'thé*pritical,concentration.J
possibly leading. to ignition was. not yet reached; it is reached in
this case, with the reSult,thatﬁknodg;ggvaggearsfand'a~corresponding~’
‘temperature drop would occur, I R

&é;;;:*'“xn'the highly ignitable RCH Diesol fuel the ignition lag

measured with . a perfectly clean quartz window was found to be:smallerﬂ;

‘at the start than later on. . The rovaluation of the measured ignition -

. lag limits gave thus a cotanc.number range of about 90 %o T8,

, - If the quartz window is not quite clean but the flame is still
cloarly visible,Jcetanefnumber‘forvRCH,fueIkis found to be 78 from the
. starte. - This gave rise to the hypothesi§ that-thQ,ignition'lag~maasure-

HST,

ments,ane;affagtegipy;phgmigal pre-reactions, i ,

.. In thejLuftfahrtforsChungsanstalt'Hermann“GBring-in'BraunschWeig‘
it was actually found that with RCH diesel fuel chemical roactions:
-oceur “in-the-engine bofore the self-ignition proper. A clear blue flamep
could ‘even be:'observed through the quartz window. Presumably this blue
flame is detected&ﬁyfthG#@hotoelectricfcell”only:with‘a'thoroughly B
- clean window; ‘it is absorbed by small ‘soot particles, thus augmenting -
“the measured ignition lag. Once the blueiflame is fully absorbed, the

" meoasured ignition lag remains the same. - ST R — =

R These. chemical dissociations appcaring before the flame proper
are 'connected with a small pressure rise. I the photoeloctric cell e
does not detect the chemicel pre-reactions, (sndthese are’ coupled with
a pféE%uré*VariEtiOn;)the‘pressure'lag (time between injection start
and pressure start) 1is distinet from the flame .lag (time _between - .
injection start and flame start), o A i otween - oo

*. _ Photos show that in the course of tosts with the oscillograph
-the pressura_appgara_beforq_the’flame,~the pressure and the flame '
togothor, qu the flame befggg_the presgure. : R 1‘;?'_QWWLWMWNJ

- Pig. 1 shows the pressure and radistion curves of RCH Diesel
‘fugl of cetane number 78; it appears that the radiation lags behind
?thagpxasgure;'which‘could;hg explained withithefabQVQfmentioned e
chemical-pre-reactions, =~ A S N S

o Pig. ‘ShOWS-thé"pﬁ&ésure andfrédiﬁtipn:curyé of“ﬁﬁéaap'gasf"f
0il with cetane\number 61, Here the pressure start coincides with the
- flame onset, G T L :

C e Finally a mixture of 40 vol. cetene and 60 vol, methyl -

" naphthalene (1.0, cotane number. 40). showed that the pressure lagged
“bohind thoe radietion., -In this case the chemical dissocietions.. '

.. .occurring before the self-ignition would be coupled with a radiation
without pressure. . R I e S i

'ﬁ'l'? B
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. The ‘above. tests show that tho -chemical pre-reaction depends

Wf§ﬁ7the;fuelvdbmposition;= A quantitative analysis of the reagction .- '
products is desirable, =~ ERTR G

DamkBhler, - "Wé_shOuld;not~tryaahd_interﬁratmthesgqpressure'effects‘;
Yefore making analyses, which are exceptionally difficult. -We know
this quite well and at Braunschwelg we ventured the analysis only in -
one ofgSchmidt5and*Mﬁhlnerls*engine”tests;ﬁtogether'With?my{co—WOrker -
Eggersgliiss, obtaining quite interesting results,. - The measured =

temperature increase.can-give an’'indication- of the oxygen'consumption; 

‘which in turn can be compared with the reaction products. ~We found -

‘mainly aldehydes, peroxides in very -small quantity, probably-as a

- prasult of the high temperature (the exit temperature was about=20090)t

" ‘and finally also small quantities of acids,— The aldehyde yield is - -
“the main point under discussion. . ‘Formaldehyde was found in pre-. . .-

'ponderance,.smaller'quantitieSjof,acetaldehydé1and,even'traces of

~higher aldehydes., ‘How did théseualdehydes_Origihate?':The;chart,‘"'"

~ developed by Pope, Dykstra and Edgar (1) seems to Indicate that.
" aldehydes result from the gradual dissociation of the hydrocarbon =
. chaip. yIf4wo—compare this dissociation with the oxygen consumption

obtained, we find that this would be quite sufficient to explain the -
‘acotaldehyde yield.- If however we assume that the formaldehyde is
similarly produced by the oxidative dissociation of acetaldehyde, -
_then’tha;gxygen~cbn8umption-iS“byffar“insuffiCient, “Most likely the.
“Tormaldehyde yield originated-gquite differently from the -higher: =~ -
aldehydes, This can be concluded from these measurements, 1.6, from

“the analysis, compared with the temperature increase for the oxygen

~consumption and finally also from the water content of the exhaust -
ggses (i/ehumidity of intske air s reaction Hg0), Now we can try and
ind how the formaldehyde was produced.: . There;arefvariousnpossibiiitiea
and we reached the thoory that it was probably formed in radical chains,
something like: CHz-radicals # 0pCH30 ¢ OH-radical, or alkyl radical .~
¢ O = CHo0 & alkoxy-radical or something similar. I we study how -
‘the formaldehyde. can be produced, -we must set out a whole list of .
reaction possibilities, among which are some of particularly high. S
energy. We' can choose betwoen three main possibilities: l. Formaldehyde
'is the .result of more or loss saturated molecules, such as peroxides

" ete, 3 2. Formaldehyde results via radical chainsj = 3. Formaldehyde -
is formed by the recombination of radicals, in my opinion from two

CHz radicals and an oxygen molecule, This third mechanism delivers . =

“ “suech high energies, as afford an explanation for the cold flames

obsérved in these pre-reactions, containing exactly the,formaldehyde”

. spectrum, It seems now that radical chains are present in the pre- B
.reactions, as indicated by the formaldehyde proportion as well.as. by

" the oold flame, Indeed if there -are radicals, not only do they go

on reacting in chains, but also they can be destroyed by“recombinatidn.
It is therefore not quite surprising thht‘the;pre}reactionzonsgt i
coincides with the appesrance of the blue cold flame. :

E. Schmidt, Naturally wo have also thought of these thoories, I
did not want_to discuss them now, but wait and see how the problem

appeers with the further development of our analysis.methods, 1t

“should be avoided to issue & premature statement, before it can be
reslly proved right 'in its details, Imdginative but hasty statements
have very often been made on the question, of knocking and allied -
chemical) processes, It is better to wait until real evidence is .-
available. We observed blue flames only once with a very ignitable
diesek fuel, but perhaps the window was smeared with oile, .In fuburs =
tests we shall see to‘it that &t _is possible to observe the blue . .
flmné§“Whlchjprqgg§1yfappgarﬁinvother'%e?tSzas?woll. ' , :

[ Rt /-.v. - S . . . . L

(1)I.C.CPbpe;VF;I.xD&RStfa and He ﬁdgar}_Joufﬁ.Amer,chéthoc;'51,
 T(is2e), 1875, 2203, 2213, SR B '

; - ) e

.



&

v. Webér.. The indicator diagram produced by E, Schmidt shows that
an’ alternation of "the pre-reaction occurs each seven or eight periods,
50 that a period with pre-reaction vas regularly followed by;one . - -
without it. - We might conclude that the residual gases. of ‘a period -

with pre-reaction prevent the pre-reaction of the following periodj:

this would ‘agree with the hypothesis that the pre-reaction dies down

‘as a.result of the collection of inhibiting reaction:products,. I ...
ularly? -

should ask, was this alternation observed accidentally or reg

- B. Schmidt., - The alternation Was;regulargan@twefﬁave.explaineduiﬁx“ﬂi,
with the effect of the, residual gasSeSec. - - w0 0 T SR
S e e T e D T e T T e e e i
- Ponzige The'influencefbf\pra-reactiqns_cad;befobserved,alspgin S
_supercharge tests, IIf we determine at various oxcess air coefficients”
the boost pressure at which knocking appears, we obtain the well known
- “knock: 1imit curves; ‘they reach-a maximum of tho boost pressure or of .
" 'the M,E.P, with air deficiency and a minimum with air exces88s, - Similar -
tests carried out on’'an -engine working with an 80° vaIve overlap, show
that a knock region of elliptical shape lies below the knock limit -

AU

L' At very low boost pressures the mixture begins to knoek, then

it ‘knoecks no more at a rather higher pressure and it énds by knocking
-steadily above the known knock limit curve. We have found that this~-
Tower knock area occurs at pressures below atmospheric pressure and: -

‘deduced the following conclusions: -

_ ~ If thce boost pressure is below atmospheric: pressure, witha
wide valve overlap a_ proportion of the exhaudt gases are pushed from .
the exhaust into the inlet pipe; . they romain there and are again . =
- admitted into the eylinder at the next admission stroke, We must.
assume that these residual gases do not hinder but rather favour
¥nocking, which points to rather sbtable reaction nuclei., Tests on the
. Hosselman engité show that this delayed injection gasoline engine .
demands a. fuel: of lower anti-knock value than the conventional
aspirated gasoline engine. Undoubtedly.this 1s due to the shorter -
pro=-reaction time during the compression stroke, On the other hand
the above knocking can be-explained by hot exhaust gases réaching
the cylinder during the admission and accolarating the pre-roaction
of the fuel injected in the inlet stroke,. = Lo

Lindner., . 1t Seems that we must likewise expect an acceleration of -
the- pre~-reactions due to the presence in the' cylinder .of residual: -
products of the preceding cycles, Tests carried out.in England by. .
W, Th, David (Proc.Inst, Hech. Lng._Papcn=N0,4916~of,19.12.55)xmention

the appearance of luminous phenomena when residual gases are compressed

again immedistely after the combustion;_vthiS“justifioé,the,hypothesis :
that an excited state may be reached after several cycles., In the L
casé . of tests in the. engine cylipdor, the influences of the activated
moleculos from the preceding cycles are superimposed; ~.it 1s thefefore
difficult to exclude thgse influences in_the=engine or on the other
hand to produce them by ‘qn artificial addition of active combygkion
products, - Thorough inve igationsfon'tho-fading_velocity.of/qp ivation
‘state:would therefore b 'highly intéresting. It is.thus possible that
these tosts lead to considerably different resulbs-on the. pre-reactions
as compared with the ignition engine, because no ignition and no
‘prosidual products of a completc reaction were involve?&inﬂppr tests,

Jost, = Naturally 1t is possible that radicals survive\from one cycle
to the noxt and we have considered these tests. - .- N STl

EZeiae;,g;ifshould ﬁeﬂtibnfagain w. Th;_Daviglﬁﬂtéété; ;mgiﬁly-on thez 

_ignition of C0-Op mixtures in a spherical bomb,: from the caleculated
“and measured tomperature and from “pressure measurements, he--inferred -
that there are groat energioes in*the*gases,iwhich remain latent. for-a-

" .3 —



“{long tlme and under subsequent<compression produce a luminous effect.:
. This is connected first with dissociation products and ‘second with
“the formation of excited molecules. The ‘latter can remain. stable’ for;
Ta relatlvely long time;. ‘before .they are deactivated by collision-and -
produce the 1um1n081ty. The times = lifetimes = involved are so. .
iegreat that in normal engine'operatlon they would amply 1ast from one
‘cyele to the next. ‘ GRS S s

~

‘{v.7Ph111ppov1ch. ‘ The actlon of resldual gases varles greatly With
the fuel-air ratio. Reaction inducing elements are: probably absent L
;from the residual-gases of: lean mixtures; the temperature effect of
the residual gases will then be decisively noticeable., On-'the- other -

hand it. is possible that: radicals remain in rach mixtures. --The effect
of residual gases varies ‘considerably with the. oxcess air; it also.  *
maunifests itself dlfferently in different englnes accordlng to thelr

'vscavenglng efflclency.” Lo e ol R 5 :

.’E. ‘Schmidt,  In’ future tests Wo shall prov1de for an additiona;
intermediate scavenging, This will ellow us to ‘dotermine with .
certainty the dlfference in the exfect of re81dua1 gases w1th and

without it. IR L ST T sl A

e
e

F*g. 1 - Pressure and radzation curves w1th RCH fuel.-»

_Flg. 2 - Pressure and radlatlon curves Wlth Abadan gas 011.:,_

'Frg, 3. - Preseure and radlatlon curveu in a- mixture of 40 vol. cetand}
: and 60 vol. o( methy,l naphthr lene. NN :

‘Flg. 4 - Knock Boundary Curves of anlnes w1th Lazge Valve 0verlap.





