RAPERS OF THE GERMAV ACADEMY
** OF AVIATIOH RnSEARCH

New tests for the determlnatlon of indiv1dua1 **
factors jffectlng englne'knockn.ng.

IR DVL carrled out tests in a bomb n: compresslon eqalpment
;-and 1n ‘a special apparatus to explain~the‘causes of englne knocklng.

w”'*'“ The’ tests were planned se-as—to allow;aefar reaehlng e

;'separation of ‘the -individual factors affectlng the processes in: the_u

~engine.: - For. thls reason also atomisation). vaporlsatlon ‘and smixture. ..

fvdistrlbutlon as.also the chemloal reactlons were 1nvestlgated in\\\\;
very clear condltlons. e %{ , ( S

_ ‘Tor the evaluatlon 1t was assumed that w1thin a limited
temperature range the reaction: can be- represented by a-mean’ equation"
for the purpose of a quantltatlve study of the. combustion processes ’
it was initially assumed that the. reaction: ve1001ty of a“certain .~'“
fuelsair mixture depends only on pressure. aqd tomperature’; further
that ‘in the’ temperature and. pressure range 1nvolved it can be '
rendefed by.Ml,~.~».u” '\ . . A e

Y

from whlch We obtain for the 1gn1t10n lag v

R

:’In these equatlons b n and a are emplrlcal constants-' in contrast
t0 the constants of the correspondlng equation derived from S
‘considerations of the ‘kinetics of the reaction they have no- special
“physical meaning,,AB ‘results from the 1ntegratlon and represents a
function of temperature and of b, -If we want to- negleﬁt J ; and
uso an- emplrlcal equatlon for the ignitlon lag. 7 = e the

P el
;values of at and b'would dlffer from those used 1n the reactlon ;‘/?31

'_veloclty equatlon.'fn"- S

B

In ‘theso eerly comparetlve tests on 1gn1t10n 1ag and knocking
it was further assumed that knocking sets in as soon as a very high =
- reaction velocity is ‘reached, It was found that the ‘curve of englne
'knooking -in tefms. of compre331on, pressure .and. temperature of boost -
air, and-ignition timing for a given fuel at constant’'air excess. can :
be’ reproduced by ‘a single formula, using the above :empirical expression
) for the reaction velocity. - The: englne results well sgreed qualitatlvely
1rwith the ignition 1ag tests. R \\;.

‘ The constants of the reaction velocity equation can be L
'approxmmauely estimated from the knock tests, - Zven if there are some
“uncertainties in the determination of tho temperatures in the englne
”and the results are. conditloned by cyllnder wall effect and the '

‘_tl‘;'



: ;ZTQ

J.practical engine operation, the, flguﬂes obtained may- not be' highly i
-accurate but their order of magnitude will always-be. correct. ‘Phe
;constants obtained for various fuels in.bomb tests agreed with those )
“from ‘engine tests both- in their order of magnitude and in their &
relative variation., So far the’ evaluations did not prove Whether the%
Vreaction velocity'iszxugequﬁmcalfunction of the 1nstantaneous '
préssure and temperatufe, .nor:to-what extent the temperature rises
during the .ignition lag. It could however: be concludéd thay: within e
‘a restricted pressure and’’ ‘température range: knocking can be explainad,- =
by a reaction ‘the. ve1001ty of ‘which can be reproduced in ‘its order:

- of magnitude by the reciprocal value of & pressure power and an/ﬁﬁgﬁai'
function of the temperature.aJThe properties of the fuel as” regards~ g
‘pressure and temperature effect on the:reaction’ process, a8’ they: are -
oxpressed” by the eonstantsnebtained from ignition:lag tests _uere :

of . the _same order as those resultlng ;rom the engine tests.

O Thg engine tests on' the effect of boost pressure and boost _
air temperature on knocking could only be explained. by. admitting that
--the pressure effect is far more 1mportant ‘than: the temperature effect.
This result contrasts however with those of other physical" tests~ in
particular Jost (1) reached the- coneclusion that the knoek reaction i
velocity depends .appreciably only on temperature. - According to him:
‘the "strong pressure effect introduced in our evaluations ‘according-
o0 which temperature variations of 'ds much as- 100 C corresponded ter—’
" a B0% pressure. variation, was’ guite incompatlble ‘with the kineties of
. the reaction . (2)s In Jost's opinion the effect of the boost pressure
. on engine knocking in:fact ‘is mainly. an.indirect temperature affact,

. .because the. cylinder temper ture must ; gorup Tor various reasons With
‘the" supercharge. If this effect is present to the smallest-exbent,
it seems quite. 1mpos31ble even approximately to explain the' pressure
and- temperature effect on engine knocking-and: the results of-DVL. -
"~ bomb tests with the figures Jost gives for temperature and pressure
.effect on reactlon velocity. - , , S

: Further tests were undertaken, especially on the pressure
‘effect on krotking, in order to explain these. contradictions and to
-determine the physical fundamental reactions which characteriseV“*“’rfe
knocking, - Parallel. tests were started with the same  fuels on two 7
-apparatus and on an engine to dotermine the self-ignitlon characteris-
-tics as: follows' P Mls”; S ,A,L/__, S
‘ IZATIgnltion lag tests t various pressures and- temperatures R
N ¢1n a heated bomb with inJection of liquid fuel.- e :

2, gIgnition delay tests at various pressures and temperatures

.. in an apparatus ‘for the quasi-adiabatic. compression,
“according to the procedure of Tizard and Pye (3) or Jost
and Teichmann (4) ,

3. Engine tests at different boost air pressure and B r'4’wg
-s;mumtemperature.‘;“le_ AR _ e : L e

(1) Bericht dor Lilienthal Gesellschaft fﬁr Luftfahrtforschung ber
- die Tagung " Fower. materlal for ‘high performance engines Feb.
1939 in Bremen. o SRR S

](2) Vol., 9 Schriften der Deutschen Akademie der Luftfahrforschung, 5
- Berlin 1939, p. 259, "Physzcal and chcmlcal events in connection
: w1th engine combustion < . : : A .

“(5) H.T. leard and D R.vae Phil. Mag. (6) 44 (1922) 79, (7) l
< (1926) 1004, - .

7'( ) N. Jost, Zs. Elektrochem U, angew. phy81kal. Ghemie 47 (1941) 262-
- HI Teichmann, ‘ebenda, 47 (1941] 267.7 . ARt |



1 & common basis the ‘cheracteristics

ooi - The object was to comparé on a comion basis haractor
‘Obtainable from these three test series. ' The-bomb built by my co- .
Worker Franke (Fig, 1) mainly differs from so far known test equipments
in the fact that it allows temperatures.up to over 1000° abs. A =~ = -
‘unifqrmftemperature"1eVeljwasQobtainédqby‘enCIOSing;thejbOmb,in;a,j-;JQ{
j5Tge oven. “The fuelican either bo injocted in liquid form or pumped
Vinﬁasga;gas;ﬂfThevignitidnyprOQess{éould,be}folloWed[with_a;phqtb-\«‘j
:elgctriC;ceilfandiby’pressure- 'asurementg21Accurate measurements ..
*Wérﬁfgbtéined'byaazcareful’dGS?gh : 34!
capparatus, L u T

i of the release devices and weasuring -

S e
~compression developed by Sche

~the—applratus for quasi-adiabatic . .=
‘ CEE: . . Rermayer and Steigerwald whilst Tizard:
and Pyo ‘used a crank methanism to actuate the piston, the latter = . .
‘boing disconnpcted and fastened at’ the T.D.C., and Jost a:drop weight,
. here_théﬁpistonjisjdeedjb&{¢ompressed?air_(59t*TThis*arrangement‘f,g"a
“allows very: accurate operation with a simple design and very. short.'
-compression times, The cylinder wall effect is reduced by the .. = °

comparatively large cylinder diameter of 80 mm (Jost worked with 30 '~

to 53 mm. bore). Measures were taken in the new apparatus to ensure .
»a‘very'accurately‘derined;initiachondition;]‘Thejequipment[cd&id be
fprogheated,andfthe,pressure,couldkbe.adjusted;aboveyandjbelom" :

atmosphoric pressure, which allowed wide pressure and temperature o
variations. Lonn and Stelgerwald will report in detail on the tests.

. -1n both ‘arrengements provisions were made.to reach the :
operational pressure and temperature region; all the rosults S
obtained can therefore be directly cémpared with engine tests, Figed
shows the diagram of an ignition test under adiabatic comprossion, -
Spart,and;gndgof;qompressiopvas_we11 as;ignition'lag.are_indicated.,,--
‘The ignition occurs suddenly at the end of the ignition lag.. .. =

oo o Fige: 4 contains the diagrams for'three different compression.

~Utemparatures“dtfcdnstant;prassure;;‘5‘-‘,’A w e e e S

, ‘__';.jiZIanig;_S;thentemperabupegisNCQnstént,;fpr_threg,diﬁgg;gntt’;,
pressures, vThe‘topvgraphjsdeS'clearly‘a'sloWGrﬂignition onset at ‘
10,6 atm, then at higher pressures, - The. dignition doss not set in
‘suddenly but gradually; i.e, with very Tow prossures and long - /7
ignition lags the sudden.-ignition.changes gradually into a slow - -
‘ignition start. It is theroforo possible fo detect a-gradual R
transition from er to slow- combustion,

the knqck&likefignitiQn;stggpdgz?“
- -~ Tho-pressure.curve during the ignition lag affords cortain .
~deductions on the course of the reaction, It vas pointed out before
that the reaction.curve and the temperaturc increase during the pre-

réhetion need not.correspond’with the reaction velocity variation o
obtained from the effect on ignition lag of pressure and temperature;
in fact-it is doubtful whother the mentioned-assumption, that the
. ﬁeaction-ve1o¢ity!igs;unéquﬁncaﬁunctionvofginstantaneous’preSsurQ'.a'
‘and temperature, is correct..-Actually, according to the theory of ~
‘chain roactions, the chemical transformations in the mixture, which .
. oceurred before the moment in question and depend on the pressure and
temporature variations before that moment, have a decisive effect
on the. reaction velocity. Fig. 4 and 5 show conclusively that this
'”ithhe.Case4m;Certain~dif£e§enccs-can be-due. to the fact that the == =
process variles from point to: point. of the combustion chamber, Earlior.
/Zeise (6) pointed out. that, 7§ cortain ceses, a distinction must be -

‘(5)‘Aftdr tho same fiﬁcipleyasya;tfiél'apparétdS-builtwpérlier.éxrthém
- . Nusselt Instituyt®R tiinchen under-instructions from the DVL,—. .
Y ; C T e T T e
~.(6) H, Zeise, Zs.Eloktrochem, u,.angew. physikal, Chemie 47 (1941)
CLRre, el TRy SRR SOV B



.'made in the ignltlon process (1n.analogy to observatlons in tubes)

g;between a’.stage corresponding to  the slow- pre—reactlon and a; second

.-8tage corresp. nding to the.varying igg;tlgn -rosction, The spontaneous
ignition proper is prepared by the pr Pre-rea tion, durlng Whlch only a.
ismall tcmperature rlﬁb takes place“ ”-,‘.,,. S : 2

S : Th comparlson of the results of " Flg‘ 6 shows that press
xand temperature functions. obtalned both in the bomb and. in’ the
Ompreu51on apparatus. agree falrly well: with flgures deduced from early

~rough calculatlons‘bastd on-ongine tests. Owing to the difficulty of
.econtrolling the ‘offects of heat: transfer,—to-the uneven-distribution of
the mixture in the. eylinder and to the 1nfluence of ‘'special constructlomﬂ
details of the cylinder design ctec., this good.- agrooment could not be
oxpocttd" it Was_anough that the: charactersstlcs agreod in thoir ordcr ‘
of., magnitude. ‘First of all the tests showed -that the prossure dependenco

~too is of dceisive importance for-the reaction procoss, ' Fig, 8 shows'—rw-
for instance that in- the. ‘pressuro. -and temperaturo rangoe within which "
knocklng occurs ‘in the ongino, doubling the prossure corresponds to a’"w
Ded s L varlatlon of the 1gn1t10n 1ag. ‘A tomporaturc variation of"

ovor: lOO ¢ thus corresponds to a 1 ¢.2° ‘pressure: -variation, . Tho- rosults
shown -in-Fig®ls Aoonfivh the fact“that the mair propertics of a fuel .

- as regards the prossurc and tcmporature offect om the ro&ction process

. are mainly unchanged by an addition of .leady that howcvor over the ;

: ,wgglzirango tho roaotion voloclty falls off as a rosult of a load : ;g
. a 1 on. s . : et . ) } : L, .-_v.._,‘.. :

,,,,J

: : Thoso tests aro in- open contradlctlon to the rosults of Jost'
and Tolchmann's ‘tostsy " they proved. a very great’ tomporaturo/offect and
a small and roughly nogligible prossure offect.

In the study»of knocklng it is ‘of. dec131vo 1mportance whethor’
_.tbt pressure effect moasured -during. the knocking is mainly an indirect
temperature effoct, e direct prossure c¢ffect connhectod with ‘the
~reaction process. of the fuel in question; in:fact the fuol assessmont
,cbannes ontiroly whether wo assume that knocking is affectod only by .
~tho ¢xtent-of the activation heat or als6 by the prossurc function of .
the roaction process, The measures to bo taken on the. cngino also .
vary according to whethor wo assumo .an indirecect effoct of" tomporaturo
‘on the resctlyn procoss or a dlrect effect of the nlxturo prossure. L
: " Weo csn—conclude from the prosent tosts thut tha dlfferent L
pressuro offect with varlous fucls is not duo to an indirect tomperaturo
offect (seo Fig. 87} “Bven cons;derzng ‘alk-possible limits of error,
chocks on tho engine process afford an explanation of those curvos only
if wo assuime thﬂt the pressure cffect is_eclosely connectod with the_. ‘"s\-
roaction. process, The proportion of: r831dua1 gases also. affocts o englno
‘knocking, It is low when there is-a valve ovorlap and high in engines
~without it,  Ignition lag tests with the addition of inert gases wore
carricd out in the bomb to explain-thid question, It was found that
‘the partial prossure of oxygen is gonorally the decisive factor of =
1gn1tsb111ty. At constant total’ pressuro a: nltrogen addition rosults .
in a-docline of the part1QI prossure of theo oxygen and in a lowering
of the ignitability. Under constant partial prgssuro. of the oxygen
a 002 addltlon produced only o small effoct. : . ,
‘ Further tests are. undcr Way to separate as completoly as
pos31ble the thermal effopta and the action of vapourisatlon from the
‘chemical process, Apart from the 1nvost1gqt10ns on droplet vapourisagiz
on-which wo reported oz rlier, the comparison of the results in the bo
and in tho comprosszon apparatus vastly contrlbutes to dotermine the‘

\
. iy

o i .

. S e ;
. F.A.F. Schmidt, VDI-Forschgsh. 392, p. 12, °
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ginfluence of the vapourisatlon process* the other condltions beln T’QN
8imilar; liquid’ fuel is injected in the bomb, whllst vapourised fepH
,mlxture io used 1n the compr9331on apparatus.hlﬁ - [ T .g“‘V~x

S In the comparlson it is important to introduce correctly the o
'temperature effect of .the evaporation heat. A superficlal examination“
Rshows that the character of. pressure and temperature effoct of a; given ‘
- fuel romains the“éahé”in ‘both cases;: ‘the ignition lags in the bomb
“becone however con81dorab1y 1onger mainly due to- the vapourisatlon

_g;pI’OGQSS (Flg. 9). ,» S AT ; i""f’: .

B Fig. 8 shows that the pressure and temperature effects whlchg;
- are apparent in the bomb and compr0881on ‘apparatus; manifcst them-:eié“x
.selves similariy in the engine. * It can therefore. bo- expected that in . -
“future development it will ‘become increasingly possible to' characterlse
the fuel proporties, the test: condltlons renainlng the same by the :
conotants in tho formulaig*p - R o FT

v’ono or a feif (1) ongine—ﬁoSts togother w1th tho constants dotermlned
w1th physico-chemlcal apparatus would . then be: sufficlent ‘without-tho
.ncod for long test series,-to determlne the fuel. characterlstics in
the onginc. Engino tosts should be rostricted’ to tho region most

__1mportant for practical englno oporatlons. . RO ,

.. Owing to tho excess.air effocte -~

Fig. 1. Tost b omb for the 1nvest1gation of self-zgnltion of fuels.

Plg, 2 - Testlng apparatus for the 1nvest1gat10n of self ignltlon
' of fuol vapour-alr mlxtures (quasi-adlabatlc compr6331on.

; Flg. 5 - Test for the dotorm-natlon of self ignitlon.f
,Flg., *Ignltlon lag and comprossmon tomporaturer~
f Figs 5 - Ignition lag agu compr0351on prcssure. (’ E |
Fig.fs -‘Ignltlon iag to B4 qs funotlon of pressuro‘and tcmpcraturo.

Fig.‘V - Ignltlon lags of B0 anﬂ B4 measurod 1n a compre c‘ion apparatus.

;Eig. 8 = Knook limlts at varlous tomporaturos and pressuros of the
o -adm1331on a1r for englno methane and av1ation gasollne.

2

- Fig, 9'm Ignltlon lag to B 1n torms of pressure and tomporature.





