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DISCUSSION '

. {pps..19-27) "

E. Schmidt, — The-incomplete knowledge of heat transfer is mainly =
responsible for—the difficulty in applying engine,conditions‘to_testS“”
On_pther'equipment.*'Little,mbrejcanvbe learnt by measurements, because
it is difficult to perform on the running engine heat transfer tests -
with the Pequired degreo of accuracye- gegs Wo havé tried to moeasurc -
the.heatwtransfer-conditions.during.theninlet_onja”small‘engine? ,It ~
is “casy to see that an engine—run.by-an—outside drive without ignition.
and only with air wouldffunction'as”a”refrigerator, It compresses air
adiabatically and brings'it-tomporarily‘tOﬂa'higher temperature than
‘the cooled -cylinder walls, ~In the process the air delivors heat to
‘the cylinder wall, with the result that it issues from the engine -
~at—a lowor temperatburc. The test shows however that it leaves abt .
‘practically the same tomperaturc, porheps because the piston gets . -
warmor than-the cylindor wall, or because it absorbs heat again in the
oxhaust. This méthod does notﬁhelp,th@refone,‘to‘learn anything
preocise about heat transfer during inlct. S IR

F.AF. Schmidt, | According to. Jost, pressure'affodts‘butflittle;the
roaction process dotermining detonation; and the pressure effect _
obscrved in tho engine 1ls only an indirect one, manifested through the -
temperature s~ The evaluation of DVL ongine tests show that indirect
offcets cennot explain the strong pressure offect on engine knocking.
The question‘Whethorrthe‘pressurefeffect on<knocking‘observod in the
.enginc test is only an indircct one acting through the temperature - -
or a direct action-of,pressuro/on the reaction process is importanty
on it dopond tho moasures to be taken both in engine design and in

fuel development, as woll as tho fuel testing mothod.

o - DVL carried out moro Losts on self-ignition in bombs and in

an apparatus for the quasi-adiabatic compression of fuecl-air mixtures.
‘This apparatus worked similarly to that used by Jost, and Tizard and
~Pyo. A largor compression volumo was used to achicvo more precise
rosults {80 mm, cylinder dismoter ingtead-of 33 to 50 mm, used by -
Jost ). The fuel vapour~air mixture was .compressed with comprossed’

air, to rcduce the compression time. The fuels used were the same &8
- jin the engine tosts, namely BO By and Cg. - S

: . Tho measurements showed a very strong pressure offect on the
ignition process. - Pig.. 1 contains on the left the rosults obtained in~
_obomb with the injection of a liquid fuel, The curves show the L
“ignition lug at pressures of-about 40, 30 and 20 atm. These ignition
_lag values tako into account the offects of vaporisation and. mixture
formation. = The right hand chart shows the results with tho guasil-
adiabatic compression epparatus.ViThe,curvcs refer to conipression
preasurcs of approximately 6, 12, 15, 23 and 30 atmospheres.. The
_absolute values of the ignition 1ag.are;naturallyvconsidorably lower’
thon thoso measured in the bomb, because tho effect of vaporisation
. disappoars. It appears that/ the temporature effect is smaller and
the pressure effoct comparatively groater as the temporaturo rises.
This result was also found with various other fuels. Tho pressure
offoct was always smaller at low tomperatures, for the fuels so far
uscde o o ) . . S -
e ) . : . o cod R i
A ~;Tq,qxplain'ﬁhe’éontradiﬁfibﬁ with Jost's results, the tests
-wora ropoated “in our apparatus with n—hepfane,‘;n‘operating conditions
‘gimilar to Jost's but with & wider pressure and t omperaturc range. .
Similar results wero obtained in Jostts range «{up to 400°¢), where tho"
praossuroc offoct was indeed Very small. It became considerable at -

_ highor temperatures, though much smaller with n-heptane than with B0 in

~and By The ignition lag at different,preSSust;vgried gonérally with
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_the fuels in questlon as. shown in Flg. 2. I WlSh to recall the tests
made ‘at MAN in co-opspation with us on- gasoline (B 0).The temperature
range most interesting for practical purposes is that. ‘corresponding . to
an ignition lag between 0,001 and 0,003 Sec.; it is here that knocking
develops in engines.. Jost's tests ‘covered a range'porresponding o 1
ignition lags of between 0,003 and O, Ol sec. ~ The, results: '
_ tests w1th n-heptane 1n—thls range Wlll be 111ust#ated“by Mrzsoheuermeyer.

The adlabatic compre351on equlpment tests together with our .
praotical ovaluations led us to the conclusion that.at various ' .
temperature ranges the~ pressure~and temperature effect on. ‘self- ignltion :
~of fuels is generally not the samew -It-will-however be possihle, ‘at"

least with an approximation good enough for practical ‘purposes, to
characterise a. fuel with a smngle formula in the practlcal region.

. . Heptane tests alone do not appear sufflcient for general
conclusions on the knock process in: the engine, especially if these
tests were carried out w1th1n a temperature range not correspondlng to
practical condltlons. o g - _ : Lol :

'J.

Joste. Tests w1th 1n]ectlon should not be taken as a basis for the,'
ignition process Refer to my Augsburger 1ecture of 1958 and subsequent
publlcatlons._

‘II

E. Schmidt. —4A dlstlnctlon sﬁould be made between tests with injectlon
of liquid fuels and tests with adiabatic mixture compression. The
conditions-differ so much, that they are not directly comparable.
Misunderstandings are- caused by the fact that the meanings of "ignltion.l
1ag" and "induction time" are confused. They should be more precisely
deflnod and kept separate' -oither it is the chenlcal induction time
proper or the diesel engine ignition lag, which latter includes. the

time for‘atom151ng, pre-heatlng and vaporlslng the fuel. : ‘

Zelse. In reference to the notice to the remarks of Schmidt and Jost
I must mention that numerous tests on ‘tubes and bombs, and engine tests
by various authors with different methods -and within varying pressure.
and temperature ranges point to a considerable pressure effect on the
. ignition'lag. . The theory also shows that pressure as'well as \
" temperature plays a considerable. part . as I showed at Frankfurt am Maln :
(Bunsentagung) and will repeat later. On the other hand only few tests
by Jost show that the ignition lag is mainly. dependent on temperature
-and little if anything on pressure; in some of these tests the 1nit1a1
pressure had been increased from 1 to,2 atm. The supplementary tests
refeor to a region -in which ignition lags are relatively long and a-
strong pressure dependence can be expectod. Sokolik distinguishes
three temperature ranges: a bottom one with long ignition lags, where‘
thore is 8raotlcally‘only a temperature dependence; a medium one =~
~about  400° £o 600°C - with a pressure dependence alone, ‘and a top one -
over 600°C with both effects. ' Tho medium range is not always present
to tho same extent nor equally marked., ‘It 1s also remarkable that
Stern, Kravetz and Sokolik found that their.tests on Ho oxidation .
with alr betweon 1/3 and 15 atm. and between 480° ‘and 700°C, apart
from those at the lowest pressures, can only be explained. with the' o
pressure offect. The mixture strength ‘i.6, the hydrogen content, is
another parameter, If we plot the 1gn1t10n lags moeoasured for a e
‘¢ertain hydrogen content against the pressure, we obtain a single
curve, irrespective of temporature, and a different curve for another
mixture strength.: This also proves the great importance of the wmixture
strength as 1t appoars in tests byﬁRussian and English authors. I

l)‘At this point in the disoussron I«have also mentioned the
authorship from which the works im<this field ars compiled, I

- dislike gootnote 1, and have consequently om;tted them in publlcatlon.
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" shall only mention Towhend and Haddormas, who found ' strong .

dependence of the ignition lag on;thedmixture;strength,;é;g.YavV9r§~'
“strong influence of very small Ho additions to CO-gir mixtures, which
"~ lower the ignition temperature by about 1500C.. .. -7 . oot
PR L e g e T P T T T Lo
It”depends.entirelybonfthe;pperationarﬁrangefwhethegathe;_v‘~

.‘ddminatingufactormis pressure, temperature or. both together, .

.. T On the one side there are very many tests and theoretical—
-considerations, on the other few tests,with_avrelatively“Smallf(ZO%)
pregsure variation; it is-not difficult to decide which has greater. . .
_weight;ﬁgEven»Jost}sylastbtheory; that‘changing%thewmaterial'ofjthe"i
‘cylinderﬁhqujwould*ppoduceiaichangegdecisivelylpdinﬁingfto the
‘equdsiveitémperaturé»dependeﬁce5 does not ‘seem quite conclusive. L
} v.eraturally.ﬁhé'heatfconductlvity'ofTthe”cylinderﬁhgadaaffecbsf<.
thO'temperaturc”COnditionsfavailable;at_the;compresgion‘end.,1ThQN;‘;. E
cylinder wall in its turn has a different-effect. E. Schmidt mentioned.
earlior that during the ignition process the cylinder wall can have .
_particularly hot or active spets,—aeccording to their position. Recent
reaction kinetics tests, e.g. on the oxyhydrogen reaction, which for—-
‘a- long time had beon explained with the theories of Kassel and Storch
“and Lewis and von Elbe, have given rise to doubts as to their mainly
~‘homogeneous character, Cylinder wall 6ffects have recently proved to
be a very important,‘though_it'isiimpdssiblezto,say'aqpriori;whethbr' .
this applies to the engine too in the. other conditions, Until the
contrary “is proved, this inference that the change of cylinder-head -
material affects pressure and temperature cannot.be considered as - -
conclusive.. - . . RN S e '

'U' XA Finally’Ifshoﬁlg;gsk_iosﬁ andfﬁggehéf;wﬁéfﬁér715ffhéir(

caloulations they have taken into account the considerable pressure, o

effect. of X present‘within wider pressure ranges. -

Scheuermeyer. ~Ignition lag measurements were also carried out at e
DVL with n-heptane-air mixtures in an adiebatic compression equipment
at stolchiometric mixture strength. These. dealt with the measuremont

of the ignition lag in quasi-adiabatic compression gas mixtures, in
~witidh the fucl is already vaporised at the compression outsef:; — the
;offects*é£4atomisation*“vaporisationﬂand?heating:Othhevdroplets-f .
“therefore disappear.’ ﬁig;'S'shGWsjthe comparison with Teichmann's (1)
“results, S ' I A TR S e e
. ~As-usual, thc compression temperature T (2) is plotted in'a
scale: of reciprocal values (1/T) as.abscissa gnd the ignition lag 2z -
‘in logarithmic scale (1/10, 1/100; 1/1000 sec.). as ordinate. Teichmann's
values are plotted on the left in the region of lower compression Lo
temperatures, DVL'!'s on the right for 25 and 16 atm, compression-.
pressures. - The graph shows a stoady transition, though the curves are -
considerably less steep in the highor temperature range. ~Whilst oo
‘Teichmann's tests show an.apparent activation enérgy E of about 35 Keal,.
in the btgmperature range prevalent in the motor it is‘bonsiderably.w#;;_
“smaller (of tho order _of magnitude of up to 10). It is ovident that
the oxtrapolation of Teichmann's results (broken line) is inadmissible.
in the region of higher temperatures provalent in engines. . The graph
shows -further the pressure dependence of ignition lag, which falls off._.
with lower terminal temperatures. The pressurc depsndence of the
ignition lag for various fuels in the operational pressure and.

) ‘ T Lol - = i 2 S LR e . e D I
(1) 1, ‘Téichmann, Reaktionskinotische Untersuchungen zum Klopfvorgang.
711, Zs. Elokbrochm., Bd 47, ¥r.4,.1841, S,297. 7

—— 3

(2) Calculated from thc'initlal'tempéréture.and'ﬁhefcomproééidﬁ“ratﬁxr+

with the precise values of specific heat.,

-3 o



canporative Fange will bo Gonls wibh in F.hT. Sohmadtls raport.

-;1;_,_jJVAithppgh*n;hepbénefﬁéété;ébé*ndtféonéiuded; the?iéSﬁitéf5
favailablgLaregsimilarvtqﬁtnqse“foundfiquanygﬁests‘QQJOthQrPquls;

. The tests on the pressure dependence of the ‘ignitjiopixa%_;;
_wereAcarried‘out_at:iditialiprQSSurea;vanyingfover¢ajw1qegrangej 135),
“the other conditions being the égme;’i,g”fgsjf‘i.-~r*A~ ST

‘¥amm,/ The realisabion of self-ignition operation in-a mixture -

conpression engine offers the advantage of a considerably simplified..
. engine design; - it must therefore be considered & prerequisite for.
- the use of many cylinderavat’high;spéeds;fj3~~ B G S e e——
... We shall report below on tests carried out by Flugmotoren-
Instituts Stuttgart on instructions of the Auftrag des Reichsamts

flr Wirtschaftsausbau. The work covered only engine tests. o

R "Pure self-ignition as a result of mixture compression can
"always be achieved simply by a corresponding increase:of the =~ o
Cignitability of “the fuel.  The compression warms up uniformly the whole

charge, which burns away practically gtjthegsamartima;asjit;isfinflamed.,
‘Consequently strong detonations occur., Pig. 5 shows the effects of - .
;_thiSvdetonating'self-ignitiqn‘operation_on;the pistons of a 200 cu.cm. -

engine. The effects of this srong knocking cannot be prevented from .
‘aeting on pistons and icylinder walls; - it is ‘tharefore only possible
‘Lo realiée‘self;ignitionvin a mixture compression engine 1f knocking -

itself ‘is eliminated whilst mainteining the necessary fuel ignltability.

© . 0f all known moans to reduce knocking, the addition of anti-"
knock ingredients in a’ proportion sufficient effeectively to hinder '
‘knocking has a negative»effect,‘asvit,10wer3_th5'ignitability,below,1?
the permissible limit. = S Ul B e A

: : Expefiments to attain a sufficiant. control of the combustion
process- by seétloning the combustion- chamber and thus eliminate =~ - 7
* knocking likewise failed. .~ Cl T TS SR
- "' Dhe combustion process can however be affected by varying the.
fuel-air mixture. If we vary the ‘fuel-air ratio of the inlet uixture
~in'a self-igniting oengine, the first result is-that the engine will™ o
function within a considerably wider range of mixture ratios than the -
conventional.ignition engine., Strong knocking appears over-the largest -
part of the range. ' The boundaries are formed by a comparatively narrow
range of knock-froe .Self-ignition, both on the rich and on the lean

_ Fig. 4 shows these conditions in a water-cooled single-~. .
cylinder 700 cu.cm. engine (compression 10, octane number ~ 5).16ege
‘at 2,000 rpm it is impossible to operate with a very rich mixture
below an air-fuel ratio.of 7 whilst no knocking appears between 7 and
11, ‘Strong knocking occurs in self-ignition operation at mixture
-pgtio 11 to 25, Knock-free operation appears again between 25 and
28, i.e. below the mixture strength currently used in gasoline engines.
Boyond 28 operation was impossible. — N B D

T AL10 to 12 HP/1t. volumetric output was achiecved with this /
engine in the knock-freec lean mixture range. Consumption figures are .
_nearly constant over a large speed range at approximately 200 gr/HE/h.
For rich knock-free operation tho output is rather higher and o
'Qongumption.rises,to.4004800»gr/HP/h; "In the knocking operation the -
measured output figures corresponded approximately to those of rich
knock-froe self-ignition operation. - ' LT B :

RIS

/™ The graph of the combustion process with knock-freo lean



}operation (Flg. 6) shows thegiressurefr"se atrv 9° crank‘angl”s
_top centry with gradual transition and. n\increase_of about 2, 5"atm/° .
erank. angle. The' peak pressure of: 50 to’55fatm. 175

g angle £.7.0. (€ =10 &t full 1oad).

L The knock-free lean mlxture region: ‘can be used-for economic
‘;self~1gn1t10n operatlon.: “For practical: appllcatlons of- knock-free ﬁ’
‘self-igniting engines-it would be desirable to extend ‘the- narrow )

: knock-free Tegion, so far obtalnable‘_,_ ax small extent by
’fde31gn1ng supplementary chambers.:~ ‘

L As 1t 1s not expected that the knock-free reglon w111 be
g»extended s0 far as to’ utilise’ carburettors in theilr present form ‘
‘one. of the most 1mportant “Puture tasks will be\to develop a: suitable‘;
controlling. dev1ce, whlch delivers the necessary mixture strength at&
fsny moment. T R ey e e T e

v Jost. I cannot comment on Scheuermeyer's tests-’ flrst Qf all he_
‘gave. no«details of ‘his methods, e.g. on self-lﬁnltlon determlnatlon,
{secondly hlS tests deal with a- f1e1d in whlch wo have not Worked. 5;

: Turnlng to Zelse's remarks.v Serruys' tests have nothing o .
do Wlth catalytio effects. "As. a; precautlonary ‘measure Serruys covered )
the inside of a cylinder head. w1th various metal coatings without:
'produclng ‘noticeable differences. Tests with Hgo have shown that: the

~kinetics of CO reaction 1s=mrong1y affected by small guantities of Ho .
or miytures_oOntalnlng_hydrogen. /This would be completely outside our
i field and has nothing to do with it. . Tésts on the kineties. of. hydrogen

“oxidation arc Wade only ‘=t 1OW pProssures... Moreover there is the: ...

- cylinder: wall'effect; producing an entirely. different. temperature
—dependence because scbive gas: particles diffuse-on to the cylinder wall
-and vice versa. This is not-at all ‘comparable with engine conditions, -
In Townend!s tasts, gases were: introduced in pre-heated contalners at ‘
“induction. times varjing from seconds to hours, As far as: I know . . .
~ Sokolik too proceeded in thig way. It is also known that a change of
‘the material used for the- contalner affects the test results. . When ' -
7 or 8 yoars ago we. ‘sbarted. occupying ourselves with the kineties of ;
-the knock roaction, ‘we tried to take measurements in the most convenlentf
‘manner in the 1aboraLory, 1.8, at normsl ‘pressure by introduction into
a container or in & flow equipment.  We: found- that this is not the way
to- approach englns eonditions and thus we went over: ‘to adiasbatic :
‘conprcssion. . The oxperimental. results wero. entirely different from - =
anything published, Finally we found that leard and Pye knew it -
fbeforohand;"a»great part of knock research had thereforo been useless.

:Fig.Hl' Ignitlon 1ag of B4 as a function of pressure and temperature.
t Fj’_g° 2] ,. Graph' o - . - .:;‘__;,,.l.‘v *-*~ . . “ _—__\-— .'. . :
Rig.}s - Ignition lag 2 of n-heptane-alr—mlxtures as a functlon of :

R o comprossion temperature for various compress1on pressures T
T+ we  (provisibnal.{est results obtalned """ i a”quasl-adiabatic --------------
. .- . .Tcompression equlpment)..‘».-‘ : v : S ,

R TUL . I B : ”

- Pig, 4 - Output consumptlon jmi ture strength knock behav1our in
o - 8elf- ignltlon : = i _ ‘ -

‘ 700 cu.cm. cepaclty.p»:::~ RIS - -

Fige'5 - klston weer w1th”knock1ng self 1gn1tlon.‘,“ﬁ = g’ i
Fige 6 - Prossure varlatlon and radiatlon W1th knock~free self~
el 1 nition. g~- lO-, = 2, 000 rpm° full 1oad - 700 cu.cm.
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