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v Theip~%slco chemical problenvof“the eng;ne S

,1gn1t10n a8 mlxtures. - Self-;gnltlonNand nocklng.i

| ,,,,by: h z“eiae".‘»,ir ot e

: i e

: Purther to the author*s (l) conslderatlon of the eleotrical‘
'1gn1t10n of ‘gas mixtures at last year's session. of :Deutscheh Bunsen- -
.Gesellschaft in October: 1940 ‘the processes. of. self-ignition and- of j
its degenerate form, englne nocklng, are dlscussed from tho’uame
jstandp01nt (2). S : . S : A
PR In the avallable experimennal and theoretlcal data ‘wa must;
*dlstlnguish two: cnuées when we try to. explaln self-ignition in the -
tybe. and - in- the. englné-’ . The’lntornai-automatlc %autocatalytlc)w
‘preparation: of the gas qlxture°' 2+ The. cause orlglnatlng self- -
”ignitionvin thb sultably prepﬂred mixture.,v ; ’

N

.'1. Probable elementary processes 1n the orlpin Of 3
selrkignltlon and knocking. E o

In thls connectlon it-can be assumod that chain’ reactlons",
m_w1th ramiflcatlon and breaklng-off play a. considerable . part both in.f;‘
the prollmlnarios ‘and in the actual. sclf- ighition; relatively - !
_unstable intermediate compounds are formed in the -process, omong whlch

~poroxides and aldehydes arc most important. This results from the
‘analysis of ignitable gastlxtures “espocially in connection with the
numerous: observations of "cold" ‘flames (in tubes) which havo ‘boen .
+~considered as the basis of onglne combustion, ,Other procussos might
contribute, c.g. the: formation of addition complexes, association ..
- compounds and polymerisatﬂon products, if those ex1st initially .
:before the. flame front (pro-ronotlons) and Tatep. d1u3001ate suddonly
.as tho condltlons change (o 8. hlohur tcmpornturos) .

v e, Pfobable olemontafy'procossos"in anti;knock moaSuros,.bo

of all probablo olement“ry roactlons in tho roductlon of
knocklng, so far onoc has boeon gonerally considered; it is the. Lo
olimination of chain carriers or. chain ccentres by tho use . of qddltlves
_first  of all with tho lcad atoms or lead oxidosb resulting from T, E. L.
by thormal dissociation 6F oxidation. . Thore are somo further - :
possibilities, particularly tho do-activation of the effective, |
inbormediato compounds duc both to mctal atoms and. probably to the -
~radicals likowiso rosultlng,from those additives, ‘such as OgHg, CHz,
GHQ. Thoso considorgtlons 10ﬁd also to an ttompt to oxplain the

. . . po . N
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knock llmits measured in tho onglne;iinvolving a relatlonship betweenﬂ
those de-activatlon possibllltles and: the r631dual gas effeot._ p

7”2ﬂ”$;f'Rélﬁtioﬂshiphoféfho 1gnitioﬁ"moohaniém uhO 1g11tion
I lag qnd the activation energy. - Temporature . and
2'5; - prossuro ef;ect on - 1gn1t10nhla54_;i-,;,_

Lot As is. WOll known, for tho flrst tlme F. A F. ochmidt“p01ntod i

out thﬂt a-direct and rot negligible pressuro:effoct on the reaction .=
_curve must be observod -beside tho temperature: offect ~in!tho- temperature
rogion. 1nvolvod in knocking. ‘This. alrcady results ﬂrom ignltion lag -

- measuremonts, -0.g. Lindnor's: (Flg.l) Recently Jost and. co-workors.‘;"
- repeated Tyzard and Pyo!s. bomb tests: (quasi-adlabatic comprossion of
 ignitable gas mixturos by -a drop weight) and corcluded: that tho .
prossuro. had no: offoot on the ignition lag, or g .small one, . mainly

of ‘a secondary chabactor. (as comparced to tho temporﬂturo), on the
rolative sizo of this offoct largely doponds tho ignltlon curve. Tho
simple oquatlon'»‘»v,»v v SRR S SR ASUR

7 AoE/R?, honco lnr' E/RT + const.;ia‘t. i,m;jﬂ¥»_ (l)

“was used to ovaluato thoso tosts cnd tho hoat transfor was- noglected.q_
~This" equau}on {1) implies a‘linear function of tn7 and 1/T which in: rE

‘fact- ‘froquently.does not exist, as provod both by the bomb tests of
‘1Jost and co-workors (Flg. 2)" and Townond's tubo tosts (Flg. 3 and 4).v:

S v:~ Tho moro gonorgl exprossion obtalnodw Somenoff (1955) on L
;hls chalnrtheory and by F A.‘L_Schmidt (1959) on woll. known reqction
‘ukinotics equations~-*- : : e o

E_IFOE/RT SR RN ke
' 'bn"'j-"g”i»’: R el
,’(a 31milar oxpr0351on was also found for the detonutlon of solid
 oxplosives by Taylor and Weale (1932) and by Garnor (1938))- ofton
~does not . apply to the. ‘whole tomporature and pressure range under . _
‘observation; this can be Seen by plotting a against p.at a glven———‘-
‘tomporature (Fig. 5) or log T against 1,000 T at 8 given pressure.
(Fig. 6). The exporimental curves in the 1og % , /7T graph show in
_those.cases a cloar bend that divorges from the theorotical equation ’
(2)s In particular Fig. 1 and 6 show that tho. 1gn1t10n lag ‘curves
. ‘gcorresponding to_the various- pressures seem to converge at tho lowest
‘temporatures; ‘here (as well as for very long ignition lags) tho v
pressure offcet. supplemontlng tho temperature effect deecline more or - -
.~ -loss completoly, whilst at high temperaturecs the prossure offect
augments appreciably., It is only at .thoso low tomperatures that - 3
-exprossion (1) can be expectod approximatoly to apply. ' According to
FJAP Schmldt not only bomb tests, but/also engine measurements prove .
thoe goneral oxperlmentul fact that the pressure offect is considerable
ospecially at high tomperaturos (such as involved in the englne)h,q‘-ﬁff
- whereas it decreases stoadily at“lower temperatures. -According to
this, it is gonorally 1mp0331blo to cover tho ‘whole temporature ‘and
',proéﬁuro region for a given.fuol by an equation llke (1) or. (2) w1th
the same. values of E or E and n (l). L

i(z)"' -

~Tl) To, achlevo a better reproductlon of the 1gn1tlon 1ag moasurements
F.A.F. Schmidt already ‘compléted equation (2) applylng to the

‘_N_..cthlC’ll part of the ignition lag two factors & and £, the latter

~ roferring to the temperaturo increase and corrospondlng -+ peduction .

during the reaction; if we ‘kecp those factors comnstant, the altered
formula (2) can bo used os an:empirical e¢xpression, though only for a

~ limited temperaturec.range, from which the mean actlvotlon—heat prdper”

i o; tho ignltlon process. dOOlSlVO for the roactlon can be determined,-

"2 -,. =



G j:from 1gn1t10n tests on verlous hydrocarbon-
-»1n ‘tubes, Sokolik- concluded ‘that equation (2) 1is vali only:: %
‘;relatlvely Yow: pressures ‘and high temperatures: (between 6000 ndu80000)
:whereas ‘between: 400° and-600°C": (though- with wide variations and:in ¢
‘some’ hydrocanbons almost ‘imperceptible ) the: 1gn1t10n lag depeaus only e
jon presaure and not on tcmperature .accordlng £

et

00171517 (hence E ~ O)

For pentane ! 1d - p- BB Kol -
Nz led s 1.3 except for P <2/5 atm when ' a’ sllght temperature effect
‘appears, Vw;th ¥z 14100 to- l 400, On the other hand at. lower :
;temperaturesv(genorally at‘t'<4ﬂ0 C, for pentana ‘and hexane- at ,
't < 350°C and for di=isopropylether. at t £ 280°) the ignition lag
depends only on. the temperature, adcordlng to: equatlon %1) “in whlch
-¢caso n w20, The: ‘reaction mechanism will: however" vary. from rangc t0 -
range with E and n; many tests in ‘tubes, bombs—gnd engines as well _
“as the: writor's: consideratlons which” follow prove, that this- variation
>¢of the reactlon mechanlsm ha& nd muut have a general oharacter. R

A;‘* Thoorotlcal con51derat10ns 1ead1ng to a varlation of the reactlon
mechanlsm and partlcularly to a. pressure offect in certaln reglons.

£

S Already the worP of Sokollk and Voinow (1956/7) and Sokolik
(1939) has. shovn that according to the ongine characterigtic of di-
isopropylether the tomperature. ‘coefficient v =-E/R-in Xe y/T is - e
~considerably larger for tho dissociotion of" the activated . 1ntermedlate
‘compounds. (yz) than for its formation- (y ), 50 that the regultant:
value .y z yB - ¥z & 0—(also. from the 1pnrt10n“curve with—t-3 200-4100)
_making the assumptlon that the v value for the total reactitn™wader . - -
~Qexam1nat10n is always tho result. of the algebraic sum-of the-pa tial
yl's. If we nov—con31der ‘a given chemical process. important for the
‘1gn1b10n consisting of forward and reverse reaction (the latter can’
.and’ malnly will. ‘subside -after-the forner~—but-1t must be taken into
account. in-any casg) and thlnk of ' the dlSSOClatlon of E into fyoe
enorgy G and enbropy S- AH - &C- \s T.ds then from: {1) we obtaln.

q/RT +ﬂJ§/R ~::'" r:‘;#}{d; ie; ,(l;)

, ’z‘:
’or 1f We soparate tho factor o‘GS/R (whlch does not expllcitly
‘depend on T) and 1nclude it an the constant" factor,.

and e.g. for an 1deal monatomic gqs as reaétant.ﬂﬂ~
o GO:" Eg,:="7-2'6'7 -5 RlaT- 5 ;R.-L'nIvI ,-"'Rjﬁlr.i.Zs*ié,fi'f_tr_ipii.j,'ib,:f"(’Sfﬁ

' (a 51m11ar oxprcss¢on aPPllOS to éJS° Z means- the qum_.of the_« o
1nternal degrees of freedom at any mgmont or . of tho elecurone states

et . PP ——
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_gin the case of monatomic gases (l). hus a pressure or concentratlen
effect oni¥ must’ generally manifest 1 self ‘ag” expressed by the: factor
P ‘n/in equatlon {2)." With this the actlvatlon -energy- at" ‘the ‘assumed = -
~‘constant pressure p.durlng a ‘short time interval is. replaced by the.
. variation . of the free -energy, the’ decrease of which’ represents the
' real’ measure:of the afflnity of a“chemical reaction,  But even if: we
~exclude: this replacement and will maintain theé" actlvatlon energy at -
- constant’ prossure, & H is found to0.be dependent on- pressure Cagk thelrj,
ivprerequ1S1te of -idoal’ gases cannot be strictly adhered’ to in‘the" o

engine’ and-in ;the bomb,  The" resultlng variation of -H'is’ negative ‘and

‘Tproportional to-thd pressure if we applz‘Bertheloth ‘equation ‘of" state

_of “the: avallable small values oftho ‘reduced tomperaturs; . it- therefore;
gappoars,as a positlve e-powor in the denominator of equation (1"). - L

SN If wo' approach ‘the actlvation energy E from the theoretical —-

',.standpoint wo observe ‘that it is differently deﬁined by_various T oo

~authors, In this" ‘connection we “find that thg usual formula, alse ' .
used by FiA.F. Schmidt in the mentloned derivation of (27, postulates
‘that one dimpact partner hasan onergy E"‘Elﬂand tho ‘other an energy

' in which it is assumed that El $ BEo = E and it is imagined .

‘,that %ﬁe .onorgy is distributed on v =2 quadratic torms, If we 'ass mo: [

B '"‘E"}E and v ¢°2; the factor (1 + E/RT) appears in place of o~E/RT;

.80 “thast thc 31mple Arrhonlus oquation.for the reactlon velocity. '

~d («nk)dT ‘- E/RT no longer applies. In ignltlon procosses often it
could be v> 23 thon 1t Ass , L

fwe,,
T "~\->,.».

o Eafsy e RmD T
‘If we'! derlve from ignltlon lag measurements the quantlty ES by mean8>5d

of the simple Arrhenius equation for the. apparent actlvatlon energy,,d'
then the real actlvation energy Ew is glven by. S :

- ThlS express1on shoWws that various values of Ev can be
obtalned from one. given value Eg, according to the temperature and
.number of degrebs ‘of freedom. involved, The latter will depend. on tne
 nature of the reactants and ‘théir  concentration or partial: pressures .
"~ ise. again on temperature, pressure and the provailing reaction I
- mechanism, This however varies in sufficiently wide temperature. a\d ~
pressure rangeés, as is proved not only by the above mentioned -
deviations ‘of ignition lag measurements from the theorctical cur#e
according to (1) and (2), but also by other experimental results (see
‘below), A similar coqclusion is reached with.the reaction kinetics =
interpretatlon of soae expressions worked out by F.A F. Schmidt._ ”L‘

»B. Further exper1menta1 ev1dence on the Varlatlon of the reactlon ‘
‘ mechanlsm and on. the pressure effect in ignltlon processes. R

e leferent flame manlfestatlons occur in dlfforent rcglons
: ,in tho oourse of. self 1gn1tion—tests in tubes. Whilst at t< 400°¢ - :

‘one or more "cold" flames wero found in tubes, at- hlgher temperatures BaY
- 'several hot flames, -or "bluc" flames producing. "hot! “or "hormal!

" flames were obscrvcd ‘always gt _relatively low prossures, --In the. :
diescl enginé too "piue" flames were observed instead of tho normal - -
* “yellow diosel flamc\in spite of tho prevalent high: pressures, Various
roaction- processes. (malnly betwoon peroxides-and’ aldehydos as 1ntor- fRs

imodlatc products) have boen a33001ated w1th varlous'flames.4 '

’(l)H Zeise Collectlve roview of "Spektralphysik U, Thernodynamik" in e
__l_Zs,,Eloktrochemie—u.ang phys+Chemie 39 (1935) 758~and 895, 46 (1954)
Fro 662 and 885, 47 (1941) 380 595 and 644,

S -
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- high temperatures, 'Similar self-ig ,
.. recently made by Laure -(1940) ‘in a 4.5 1t,
-1, 6, 11 and 21 atm, (temperature-constant in the tube to % :4°C), .
. The ignition lag measured partly by Stop watch and partly by .rotating =

. eylinder (flame onset) re ‘

" lowost temperature range and thus with the, fange of applicabili

ol

yg;;~,»;tfﬁiﬁdnef;(1939;46)Afbﬁndfin?bhéfﬁbﬁbJﬁféiéaﬁfﬁgéééurékeffééff,g
fqntthe.ignition*lég;ﬁnotlonlyfforlgaéplin&ﬁ(Fig;ﬂ2)Jbut'an.évenf? o

,~8thdngerroﬁé;fdr?dieselﬁfdels;fsth“siwasVSmallerfatjhighergtqfperétuféé

. end Lindner explained it with a varidtion of the reaction courSe at’ . .

nitipn't§§tsfpnfgas oil were .. =,

. L e R TR
omb at 350°-t0 520°C and:

achedf@Ofsec;,jthe&flamaﬁvelbcityfl;yggjm/SGC;g

;{For*laféé%ﬁéluésuoff?~(SOwﬁoﬂQO}sec})giio;fat’1qwﬁtemperatuﬁés;;Laure‘gﬁ

Jtcst?pbinﬁsfforfvaribus-pfessurCS*lie]praétically;all.onﬂthevsamefcurve;f

80 that in this region the flash -temperature (ignition teuwperature) is
»jindepandent'ofgtheﬁpressura}nﬂtﬁisiregionséﬁrreS§onds'to;Spkglik!s*;fiff*

bility of

ogquation (1) which agrees with Lindner's resulfs, ‘At medium -

;{temperatures'LauréWSfé‘curvdsf(Figa"7)“divergewconsiderablygfdraWing Al
ol

_hear again at highor tomperatures, tHough ot togethers; : bel : :
f?éndj520905th0y?arofindapdndentfof;T'and\only-just‘dependcnt”bnxp;*“thisg
rogion corresponds to Sokolik's modium temperaturo range (oquation 3). .
.jHFor_the;constant*ignition;lagflimitﬁat3t~=»400°]t07520
ﬁthe 9quation‘3_‘_ ;*f5; ;:vf3;%g<¢, ?qf‘g S AT N

 $1&11arfto,fé);7whéféasiécddfdiﬁgitb'PféttﬁeViﬁféﬁbuld 66fiﬁ1gdnéralxrf

“roaction mochanism at about 320%,

Peschard in a steel tube (200 x 24.mm.) et

WQon~4009»<ﬂ

C Laure obbtains:

g
,‘GF ¢_" 1‘:A  ,‘::Qé f;6T€?:'  ;f¢;?WW‘

‘13, From tests at Po = 1 atm, and 2650 to 320°C according to (L)~

by plotting log % against 1,000/T wo obtain Eg =29 keal,y it-is only "
horef(atftﬁ)dﬁSQc.)athat;thomcurve;haS‘a.lineaf,shape,»whilstgat"' S
.tgwazoocvcixe;,attg' 1l socs) it is so bent that the ignition lag falls .
off less rapidly.as ho temperature mounts than could be expected - -

fggcording;to'(l)J;TKpparentlyﬁthisjpoihts'to>a variation of tho . = o

’“M”; i ThisAisTéhoﬁﬁ‘evéﬁfmdfd_ciéariy;by;seif;igﬁiﬁioﬁ fégt3¢5y”i_;v;
"Po< 1 atme (first work 1938}

OP ' Po D1 atm, (second work 1940) with mixtures -of. oxygen and n-heptan. .
.HOruisooctane,Eor,elsefoxygen;exn—heptane,~isodctane; mixtureseof‘thg :

“two. hydrocarbons as well as-0g :'benzole or ethyl ‘alcohol, :Tho

‘temporature was measured by a thermocouple introduced injthoé'ube'sf*

~cont¥e, The flash- limits werc. dotermined by a suitable. choice of;p0; T

"and‘to;;;thp;induction_period-preceding;thaaflash neverexceeded 4

.-86¢s .2and decreased with the pressure rise over ‘the limit pressurc,

‘Tho .exprossion worked out by Semenoff. for the ignition limits both *
~orf.the thormal\thedry,andgon‘his;owq;chainvthoory.of~se1f—ignition!' ,
log po/Torg A/Tof&’B,pin'whichuwith the first theory A :(Es,log-o)/zﬂm}

‘and with the seocond tb@ggyng=r(Esslog‘e)/SR,}aOcording‘to’Peschardg;'ﬂ

~does not seom to be.met at poK1l atm, for the whole ' range under °

‘examinations Herc only with3 #6709, we find the theorctical lincar

curve and an explosive combustion (callod "detonation® by Peschard);

whilst at\tﬂi670°C[a§qui¢tﬁandLhardly'percdptiblbfbombustion’Gpsues,' a
which could be followed for. somo minutés and which'produces.ajbentk

éurve. With ps> 1 atm, Peschard finds for O s n-heptane a curve

‘composcd. of 4. difforent parts (Fig.~8)s - Tho:first bent portion . :
’borrosponds‘tO*thq~quiet]cdmbu9tion.’-Thoqstraight~portions'agb*and-i-a
'b5Q give’the?Yery.difforent[acpivation}energios;Es = 80,6 and 3,4 Keal.
POrtion*b;c"showsfaivery;small'to%poraturez>ffect; if we plot log pg -
%instgadfpfﬂlogmp~~T')Vaga;nst‘IOf/Ttit‘bécOmes completely horizontal

.‘fonfa“rango%Of“l_OQ%f'in:accbrdance-withﬂthe range of ncarly constant.
. "eritical" prossure found by Townend and Mandlekar in pentane-air - -

“mixtures, which stretches for. ovor 509C, |Neumann and Estrovich found .

a similér;vthough’losssdistindt;ﬁprvo*with_pontane;j'Inﬁth” vieinity

ioff30000;'Whore;alsocondlstdép¢asggpt;appoars,WPeséhard.observéd"ff

.”inghtly‘béIEW”the”ignition;pf§§3upe'afsimilar pressure;variationfasjf

P



An "cold" flames instead:of the“ignition;  and ‘this, ‘althoiigh the heat -
ndQVBlOPed«isfcqmparablq}withgtheIoccqrring{igniﬁion.nyithfiso-GCtane;cg

'Neschard;finds\in~his,seqondﬁwork“a~similarﬂcurvevas§with}nbheptageiﬁyf3[

‘but,for.a:smaller,diffefénce;prggradient&in”sectionﬁé+bwanqbb;c1‘;ﬁ~z :
(Eg = 35w0r427,Kcél)pand;withqut;the,aecond‘Steepjascéntfatﬁg;j‘With;yit,
'benzoleﬂPeschard'cou1d~find”1n‘hisffirStLWOrkfonlyfthe}quiet combustion;
be_could;reachﬂexplOSiVexcombuspionginfhis;second[workiybutﬁits,gﬁi;agf1~
violence allowed only a few measurements between 530° and 600°C,  showing -
a high Eg value of 83 Kcal,; stt;andfTeichmann‘foundfEs;gisogtoLﬁoiKcalgj
With ethyl alpoholgEéSchard;could}add]to his*earliér«measurgmentSQOﬁlyﬂfiv
}One1atrto;=g46896fand%pdigxIZG;émg5Hg (h&1}7«atm;),Qobtaining‘E3¢=,54;x~_”
5Kcal,,At,theﬂlatter{temperature?this-alcoholwis:élways?more,high;yffffi~'
inflammable‘thanéisoyoctane;fqit~ignites.much;mqrefgent}yﬁfSQLthat '““
i%PGQrdingfto“Eeschard~its-kngwnfantiskﬁockaaétiOnialso*ariSeg'fromfitsf
§pontanebus~1gnitioﬁ.;fAsgalraadyTnoticed,by”?eschard;ftheaébovev*ﬁ=-4
observations show that the reacpion-meChaniSmﬁbariésgwith-theiﬁemper-ﬁ~v
aturog,jPeschard“conSiders‘thejquiet7flash;occurrihg&atgabbuﬁ 6600C.. . ..
as:theicommon\border,of,two,different,oXidationimeqhanisms,l;ndvaSSumesﬁgﬂv
“the formation of an unstable compound below or-above. tho point of
~inflection b, which leads to explosion upon roaching a critieal - -
»concentration,yinwconjdnction~with»awohainnmechanism~offself—igniﬁion;**
as-ascortained by Peschard -too the thermal theory is imperfoct and is -

not consistent with his results,

‘ . <A clear jump in tho gradient of log ‘¥ ,1/T curvo was also -

- found by Schrbder (1939) in the ‘diesel ongine end explained by him
‘. with a sudden variation .of E following a variation of tho reaction

~..mechanism, - B Cl T T e B T

oo David- too, whose earlior theory on the’existence of large
- quantities of "Iatent" onorgies in the combustion products after the
‘passing -of the flame_has‘boenvcriticised»by;variougfauthors and
fréCéntly'moreLthorqughlyvby“the writor (1941),,'as a result of now . - = -,
- pb%orvations'on'tne‘explosiveﬂelectrical ignition of CO-air mixtures =
in bombs comes to the conclusion that the combustion mechanism. varies =
- during the process; namely tho rosulting flame 'at first propagatos:
. owing.to tho diffusion-of active particles into the unburnt region
(by a chain mechanism), whereas in later stagos ‘it propagatcs-also’ ' .-
. through the hoat transfer and radiation from the flamo front, i.e. it -
‘is transported thormally.:  For dotails seco the detailod publication -
by the writer. . ... e ‘ R AR ORI

. After all thesc exporimental findings, if'}urthor evidenco
is-needed for the variation of the reaction mechanism in various
temporaturc regions -and for the relatively considerablg pressure. - -
offect, "we should. refer to new tests suggostsd by F,AF. Schmidt, on -
~which he reported himsslf. We should only remark that Lonn's tests
on thermal spontancous ignition in a bomb produced' throughout bent -

- eurves similar to the top curvo in Fig, 2, to the two bottom curves . = .

' in Pige 3, to tho curve in Fig. 4 and to the bottom curve in Fig. 6, . .
as found by Laure (note that tho abscissae quantities in E.A,F.Schmidgts
graphs*vary‘inuthe‘Qpposita“diggcﬁion).- It should further be noticed™.
‘that Steigorwald!§,qdiangic;comprasgion tests clearly show that the .
ignition lag is composed of the induction period of .the slow prew= /... . -
reaction and of the reaction poriod of tho ignition roaction proper,
as knovn from ‘tube tests (Harris and Egerton, Townend and MacCormachv
On the.basis of thoso tests, by plotting log ¢ against 1.,000/T for
“3565f§§ff1§Iﬁﬁﬁ;ﬁﬁTTﬁ5§pproximately'constant'pressure,;ye_o‘tg;g_fqp'.
the initial reaction (first section 7 , of the- ignition lag).a R
straight line,. the gradient of which determinvs the activation energy
E, Thus for By + air 8t po 2 .6ed.m. 6,7 atm,, 73 - 7.2 atm, and 22,0
to 23.1 atm. wo obtain E '=-5,15, 13,22 or 23,00 Keal/gmol.and for = -
Cg-!- air atp2= 8.2-808 atma, 14.5 - lS.Gatm.and 21.8 L] 23.7 atme
E = 6418, 7,43 or 8¢3 Kcal/g.mol., These E values arc in-part as small
‘as those Tound in the kinetics.of“reactionsmwith‘fpe@ radica;si as it



. L R T
~‘8ppears. from.a table of new E values of different reactions praviously
- given-by-the writer., .This division of the total.ignition 1dg into at .
;1aast>tw§,parts;7the_SécOnd;Qfgwhich:must?still*helevaluated;lrepréééntsiﬁ
~‘perhaps a more complete ‘description of the ignition lag in the engine; .
- corresponding befter to~the~datdf§?6fffhgfppevailing‘partigl'proceSSQSi;:;

- .Conclusion, - As long as no-quite genergl relationship exists between . -
fvfr',jp3and:T‘applicable'to;infinitelyLWidé temperature and pressure ‘= . -
-ranges, it might be advisable at least to develop a series.of equations =
—of type (1) or (2) for-various partial ranges; 'in-this way substan- = .~
~tiated evidence could be obtained on the ignitibn3mechan;§msT~aﬁd;_g_;4,j
particularly on the characterising parameters E-and n, with a better ' .
~ approximation than by using a-=single equation of this type. This '
—metth-dorrGSPQnds5t°nth9.approximate'aSymptotic;gg,struction;bffthe»m e
- logz-1/% curves by a finite number of tangents. Angﬁger construction =
_ Which corresponds better to the nature of the part processes important -
~for ignition seems to result from a division of the total ignition
‘lag into at least two parts, ‘i.6. thoinitial reaction and the Ignition .

roaction proper; new impact compression tests, reported on by R
FJA.F. Schmidt, were evaluatoed by the writer for the first part; thoy ----
_showed activation onorgies growing.from 5 to about 23 Kcal/mol, when the.
—corrcsponding nearly constant final-pressure of the compression mounts: *
-from 6 atm. fo about 23 atm, = - Ll S

~

Fige 1 - Lindner's ignition tests in the bomb: gasolino Ag or
E R :benzolof(zﬁ%. B o IRt A ELS G A
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Fig; 4 - Self-ignition. of hexane %,éiffi;7lli 1T 3.6; 1.83.3,1%

P - hexano) according to Jantovsky, Kravetz and Sokolik (1939).
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