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" The normal processes for delivering and reacting the fuel in

~ tho engine ere the sverc-ignition system, with the mixture formed externally

- -and with externnl ‘ignition,.rnd the Diesel process with air compression and :

introduotion of the fuel into the.cylinder as the piston reaches top dead .
centre, In addition to the carburettor, the spark ignition. process requires .
‘0 comparatively elaborato ignition installation, which it is diffioult to - -

“adapt to small eylinder units; with the Diesel process, the ‘injection-installe

ation involves considernble outlay, A mixture compression engine with self= '
ignition, which Gottlieb Daimler suggested (DRP 28022), would moke it possible

to reduce -the present cutlay on necessories in high speed multi-cylinder - -

~engines of small capacity, ..

— ... To clear up the question of the possible epplications of self- -
ignition, especielly for high speed.ongines, investigations were made on o
200 em3 overhend volve carburettor.engine, "'This provided information on
operationnl behaviour, the necessary fuel composition, power consumption,

and the combustion pressure with self ignitionm,
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lg OBJECT OF THE TESTS

A Thd obgeot of ’che tests was. to a::;'ive at o method ‘of opem'bing
4 mixture - oompressioh engine with eeif-ignition, o.hd to olurii'y the working
oonditione. e v T o R i

2 THE REACTION PROCESS

L Aoeording 'bo preeent lmowj.edge, m the oombust:l‘ble mixture o.'h iow :
pressures ond temverntures rerctions occur ot cox‘respondingly slow epeeds.
The -hent relensed by ‘the recction chn be conducted -awny by the surroundin%
mixture and the ‘walls of the ‘ocombustion ehomber, When the heant develops or
a longer period tho mixture undergdos progressive: self-heati.ng, which
ircreases the rate of reaction. -Eventudlly the: heat which 'is .relensed eannot
. be diesipo.ted quiokly enough 80 thut the process ohanges into aotunl ignitmn.

m--%-Aﬁer the Tirst ignition, the fuel burns mpidl“ ond completely. S

» o o.) D:.esel Process,

When’ fuel -is reactod ‘by thc Dieeel process,‘_f‘he slow reaoﬁon__
* period up_to. ignition is super1mposed> on the antomisction, the heating, and the-
- vaporisation, There is thus o physical and a chemical ignition delay, - The ’
chemical prosesses involved in the ronotion in7a Diesel engine are mostly - .
cases of the hent reaction deseribed, -The rise in temperdture, ’ond thus- in the
rate of renction, is, however, slowed down ago:ln by the delivery of . fuel »
‘which onuses cooling. , - PO : DR

b) Spark ignition. B

~.-"-

Whon fuel is reacted by the sparlc 1g;nit1 on proceus, igni'bion doeﬁ .
_not occur in the ferm of a heat roo.et:.on, but mainly through a looal trensfer
of energy from an ignition spark, As the flame front advances, the pressure
-ond: tempemture in the whole of the combustion chamber is increased, ‘Pherefora
" in. the unburnt part of the mixturc before the flame front conditions exist
which ere sultable for the development of @ hent recction, If this reaction
loads to n premature ienition’of the residue of the mixture, then kmowing
‘combustion tekes nlnrce, which, ecoorrimg to present knowledge, is oonsidered R
as self-zgnltion/ in the form of pure pressure ibnition. : '
o) Self ignition. e T T
‘ The rate of reo.otion is determined with self-igmtion 'by the
tempern'bure of the mixture, ond in o slight degree by theé prossure, An increase .
in reaction speed, and so in the tondency to ignition; is effeoted -to begin with
by raising the compression, ~#lso, by reising the working temperature of the = = -
-engine the temperature of the mixture and thus the tendenoy to ignition con be
inorensed, . The rate of recction or the tendency to ignition also depends on’
.the properties of the fuel, and can be increased by choosing sultable basle
+ fuels, by additives with good ignitlon properties, or by means. of oo.mlysts.

Apart frcm the possibili-bies so far mentioned 1gn:1tion of the, .
fuel con. tnke ple.ce by pre-n.gnition or: by 1gnition through the residual gas.

. al In the tests now obout +0 be described, an o.ttempt was made to .
L cause’ self-ignition by raising the campression’ and the working tempemture and -
by using’ suitable fuels and additives,
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'e. TEST METHOD

- An overhead valve air cooled four stroke engine of capacity 200 em3
and with an ordimary carburettor, wis used for these experimehta, The torque
of the engine was taken up by-an electrio breke, conneoted through a- gear unit,

The operating condition of the engine-was controlled by measuring “the temper—

ature at the seating of the plug, ' For changing the compressioh ratio there

‘was & set of five pistons’ of ‘different heights; with these, it was possible

to got. compression ratios. of'6,3; 7,7; 10,3; 11, 9 and 13,2, “The ‘pressure

Vdiagram was obtained w:.th o. quartz piok—up, ond wus recorded in a cathode ray

tube and photogmphed PR .‘. , SR LR S ,. - |
| In carrying out 'the tests, tne power and oonsumption at the diff‘erent v

: oompression ratios; and with different fuels and cdditivos, were first

-

obtained, . Then measurements wers mz\de/of: “the. pressure. under the opernting =
conditions of-chief interest, : The rressure dirgram was also recorded under
those" condltions of lond at which mer surements of power. and consumption could
‘no longer be carried out-owing to their long duration, The 'fusl used for

“%he most port was aloohol free Leunn: go.soline, and “the additive othyl -

nitrate,  Tests were nlso made with commercinl gasoline, Arol, aviction
go.soline of octune number 87, vo.nd spooiul fuel of octano»number 100

-

4, RESULTS OF ‘TESTS

Au) Opemtionnl behuv1our°7 As 1"!: wa s imposs:.ble at first to sto.rt o cold

engine, it wns tirst warmed up us:mg spark 1gnit10n, and 'bhon switohed over
to self-lgn:.t:.on. T _71 A e Lo ‘

- B T i - - : < . B

Acoording to the 1gmta“5111ty of tho mel used, the~hmit of self o
:.gnition was ot ‘o higher or lower temperature, Above this limit,: continuous
Wruming was’ possible, With self-ignition tho engine always ran roughly, '

- the more-so, the more favourable the conditions were for self ignition, - Thus,

“high compression rotios and: ignlto.ble fuels gove ‘very .rough running, end such

pronounced overheating. of. the engine, that catinuous running wos. impossible,

" In general, ‘it .wns observed. that o fuel is easiler to run on self ignition,
:the less knock free it is,  As o result of tho rough knocking running of tho
‘engine, broken rings and seizure wero of frequent occurrence, espeoially

at the top of tho p:.s'bon. If the self ignition temporoturc which was lower.

the more ignitable the fuel was, was not reached,—the engine failed, . If- ..
othyl nitrate in a proportion of betwsen 1 and 107 wes added to the base fuel

Louna gesoline, then'it was possible to operate on self-ignition at all’

compression ratios between 6,3 and 13,2, It wes impossible however to ' run
without -ethyl nitrate, ' The higher the amoun’c of ethyl nitrate cdded, ‘the
easier it wos to opero.te the engine ‘on s6l1f 1gn1tlon, or in other words , the
lower 'bhe temperature o.'b whioh 1t could. be run, ‘- S : N

¢

- ; Self 1gnition was also possible w1th 8 mixture of 457 pure benzene g
_and 56% reference gosoline with an octane number of- 70, dnd from & plug

»opero.t:.ng 'behuva.our, pre:.gmtlon wus probo.bly occurr:.ng, T

sea’blng temporature of about 270° ' Methunol was also sui‘boble for self-

aral,  Under these conditions, which were sutlsfaotory o8 regurds power and B

b) Power ond Gonsumpt:.on. The power and the consumption with spo.rk ::.nd self

_ignitionwere mecsured wr’bh the vo.rious m::.xtures oi‘ othyl nitrute w.d:h I.eum

gasoline (u.lcohol-free)

o compare these vnlues mth “the' vo.lues obtained using spark igni'bion

‘with ordinary fuel (e.g. arnl), the engine wos first tested under spark

ignition conditions with the cerburettor favourably adjusted, at fill losd,
ond with ontimum: ienition, Fig, 1 shows the power cnd consumption ml'ues, :
The best oonsumption wos 280g/HP at nn engine speed of about 4000 TPy, and
the moximum power wes 7,7 HP at close to 5000 rpm.. ’
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. As :the amount: of‘ ethyl ni'hra'be e.dded was ;ncreased, there was

generally e fall:.ng oif in power and consumption. ¥ R
k 'f F:Lg.z shows power in terms of eng:.ne speed mth add:.'b:.ons of -

103132; 3 5; and 10% of ethyl nitrete to alcohol free Louna gasoline at. a.
‘compression ratio of Fi7," for\spe.rk 1gn1'tz.on -and self—igmt:.on. The- - '
throttle was ench time opened to give ‘the highest power obta indble’ during
“the mee.surlng-ﬂpermd. without engine-failuro;,  Under. ‘these cond:.'bions the
results . were naturally- not always: -completely’ regular, eupooially as. it wes
1mposs:.ble to keg; the. engine. tompe"atu:e cons tant, Accordlng to F:Lg.
1% of. addltlmea,ga.vas ‘thé -least fell in power compared with spark igmtion
ams%;m“mdm ev:bhe_greatestq_f all .m_gower‘ For the other volumes of .
additive, the intermediste values of power drop. were’ obtainod Generally '
'speeking, at this compression ratio tho wnluves for different amounts of

additive are very close 'bogether.v The highest powe» reached on self=" L

‘ 1gn1tion is o.'bou'b 107 lower tham%the velne with spark 1gn:|. 1on according 'bo
Figo 1 ‘ . DRI A : M—P‘_J." - ) .

o

At hlgher compresslon ratlos increased addltlon of ethyl nitra'be
reduces the atteinable power. progress:.vely, This is ma.:.rily due to tho fact:
“that inecrease of ethyl nitrate raises the. engine temperature, r?herefore Yo
avoid engine fo.ilure, the throttle must*be oponed lessi¢ e S —j*-

: Thus s 'bhe spec:.f:.c consump'blon increo.ses wlth the e'bhyl nitre.te
onnten'b, Fig,3, The lowest. consumption at 1% of ethyl nitrdte content is’ .
“gbout 20% higher than' the minimum valve with spurk *rnition, Fig, ,,1,, it 3‘1.;.
is o characteristic of the consumption with self-ignition thet, -in contrast
to spark ignition,” ‘the minimum velue oocurs et o considerably higher engine
speed, Consumption decreases up to 5000 rpm, which is the highest engine
.speed measured, Sel#-ignition operation appears suitable for high. engine
.speeds, nccording to these measuremonts, . This ‘is 4in oonformity w:.th our
1nten'biors to use th:.s process ot h:.gh engme speeds.
Th powe:s—whxc%r—ean be regghed with Lﬁenstun'b volume of e'bhyl——f~

nitrate decrense os the compression ratio rises while consumptlon increases
(F1g.4). -In the most favowrable corditions (¢ = 6,3, -5000 rpm) the
specific consumpt:.on is the sams w:.th both spark and self-ignition. :

et o -

) The Pressure Dmgro.m, The oourse of pressure m thev oonfbustlon c}nm‘ber
for ord:.na.ry spark ignltlon operatlon can be seen :m Fig; 5 :
. F ig.G shomrs by vmy of compo.rlson the pressures Wrbh self-lgnition.

At the moment of self-ignlt:.on there is an almost vertical rise in pressure,
the heigh‘b of which varies according to the operatmg conditions, - In
-general the result of this jump in prossure is that the peak coincides with
the meximum pressure, which then falls rgf\in, ‘with violent osecillations, '
Fig, 6 shows the oourse of pressure with self-ignition,.which is such that .

it camnot beéiused for catinuous running,. ‘As o further.comparison, Fig.‘?
shows spork ignition: operation with’ lcnocking. In this cobddtion the
,._'previous curve ‘is similar to that for® self-:.gnrb:.on, 2lthough the pressure
rise oocurs later, the difference. in pressure. 1s 1ess, and the osoillations '
during the fo.ll An pressure are not s0 v:.olen'b

» The course of pressure with. self-igni'bion rn be ﬁn.nfluenoed in
a number of ways, Fig, 8 shows how it is altered by vnrying the amount of
“ethyl nitrate—udded at a compression retio of 10,3, It is evident-that as
the ethyl nitrate is inecreasaed. the 1gn1tnb111ty becomes greater; this is -
. evident from the—faot that self-ignition begins earlier,. It was, also found
-possible to influsmwe-the pressure curve by: o.l'ber.’mg ‘tho compression ratio -
- the temperature of the engine’, and the1tad, The result was that there .
appeared to be o prospoct of oonslderably reduoing, ‘or-even elimimting
'lmooking wi'bh © self-igni‘b:ton.



The maxlmum preasures rea.ched _w'i'bh self-ignition were higher :
throughtou’c than those with spark ignitxon, so long as there was no lmook:lng
or. self-ignrbi on in the lo.tter oase up 'bo double ‘tne: nressure be:mg obtained,

Pt o= The ‘Mo dmum pressures depended o*x the tempero.ture oi’ the engine )
the 1gn1tability of ’che fuel the engme speed and. the 1oad condi'b:.ons. .
O’cher cond tions bemg equel 'bhe lughe.,"a pressure wos' glven by tha'b
degree of lgﬁ"lbobl.u*'*"'au which: seli-»xgn1t¢cn wag bimed $o oceur ‘in the .
-neighbourhcod -of tiop dcad centrs, Witk weory -gﬂ.l“a'ble fael (10% ethyl o
"nitrate cantont) demiticn ,o'k ringe ms:dernb'h" be f'orr'e +top dead’ centra, :
for which reason phe peak pr egzurs was lower, Fla, 8.¢, . With increasing

- compression ratio, ‘the J.nnren.s:rg Jomp‘t‘Cuslodpressur reised: the peak. - "
pressures, as was oxpsched. It wo's 34111';ua=..:,4.bw to, esta nu.,h tlne ef‘feccs of "
the other operé.'blng do. l;e.. : B : . :

) Sta.rbing the Engme w:.thout Spark Igm'blon- As: o.lready mentloned, i*b was
imposs:.‘t?le to start & cold engine on alcohol free Leuna. gasohne W:.th 10% of
- ethyl nltra"be.. The ‘engine could only be started when cold by using: 1gni'ba.‘b1é
“basic fuels such as primary gasol:.ne 1), et o starting speed of 500 rmm,-

) using 10% of ‘othyl nitrate at low compression, and 2% ot high compression. e
Af'ber starting, the engine wme changed over to the other fuel, _'_-~.—_ .

SR : Wlth the self-a.gnitlon method descrlbed above, the' quest:.on arises,
‘whether“it was a_gese of self-ignition or pre-ignition or res:Ldual gas . g
ign:.tlon. As regards “this, the follow:.ng can be sto.ted' o R

il W:Lth e low 'hempem'bure stur{; 1t could only have been a cose ?f

, self-ignitlon. In o. hot running-engine, pre-ignition would ma Teinly be caused
by the glowing electrodes of a disconnected sparking plug, . When the
. sperking- plug was shut off from the combustion chamber, there was no
" observable ‘difference in the behaviour of the engine, so that,at least -
ot low. temperatures, pre—:.gnltlon can be ruled out, On the other hand
at high operating tomperatures there is & possm\ihty of ‘pre-igniti on
oecurrmg,. JInithe four-stroke. proceés usedj ‘tho¥e.can be no quest:.on of -
the fuel ‘becoming 1'rn.'.ted by r'sz.dual guses, e :

-

SUMMARY

The f:u.w ws*l'o for the purpose of renllslng the 1dea of Gottlie'b
Daimler for a self-igniticn process Wer9 made. on.a four-stroke spo.rk
_ignition engine of 200 end capacisy; ond led "t the following conclusions:
"1t is possible to work & self-ignition syﬂ’cen by using the. ordimary car=
burettor, It 1s ‘also possible to start an englne .’Jrom cold without spe.rk-
_ 1gmt1on by us:Lng su:l.ta.’ble fuel m::’cmes, R : o

. ' To raise the 1gn1tab111ty, up “to 107 of ethyl nitrate was mxed mth '
: alcohol free Leune gasoline, . the basic fuel and . pawer ,; conswnpﬁ.—tﬁ]’ and "
-.oambustion pressures were measured at various .compression ratios between ,
6,3 and 13,2, .The ethyl mtrate raiseﬁ ‘che fuel consumption and reduced
the power to a certein extent, = R AT

Ay

" - Under the most favoura‘ble conditions, power and consumptlon with i
self-»igniti on were sbout 107 worse then with:ordinary spark" 1gnition. The
“aXimim pressures and the thermal nnd mechamcsl load on the eng:.ne were -
‘greater.' Coe e ¥ o . - - '
- ,
s The results of the tests show prom:.se of success, and 11: 1s therefore?_
‘:resomnended that this work bo cozrtinued ' AT S

,—.--a---. __-_ ‘ - ; -
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"-‘Fig.z Power v.fc 1rom O to 167 of ethvl nitie te rdoed +o alcohol-f‘ree
L Leuna - gasolmo 1"1+h cxi'ernal g ualﬂ -al"i’lﬁ" on o at o compression
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.,"-'}F‘.i.g 3 Fuel oonsuznption with from 0 o 0% of sbh’yl n1‘- e adde to s
ulcoho) -froe. Louna gusoune w.rtn e,;..,or'rwl o.no .;‘,-I -1°-n1~c~or avzd a.t
‘;' . compress:.on re.t:.o of 7 7 o : s A

: Fig.4 Power and consumptlon with 17 of ethyl nitra‘co ‘added to o.lcohol-frea
Leuna gasol:me ‘with externo.l and self 1gn1t10n and at vurlous e
oompression ro.tlos. —._ R AR PR :

5.5 Pressuro d:.a.grum w:.’ch sparlc ignition. _. v:v;__,__‘ o

Fig.6 Pressure diugro.m with self—ignition L
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Fig.7 Pressure dmgrum w:x’ch spo.rlc i;rnztlon 'under knoaking
condltions. e G :
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'Fig.S a,Je;e- *Effect on the ‘pressure diagram of adding ethyLnitra'cef
'EE self 1gn1tlon C.R., E‘ LT 10 3





