L3 1enshel-Ge

Report ko 158 pps :~ 59 o
‘ ?8 2¢ January, 1943 ° 1?[»
F, Pénzxy Y

Iha "h ng" procegs i
R Penzﬂg Oppau \*__

Théré'iénso much talk to- dsy. of 1ovel matbods of propulslon thnt one -
Hwou16 suprSe:thn the good: OLd p1suon ‘engine hed. done, ‘its. Jobp and’ wps hardly

»worth teiking aLout any more. .- Thls Jisifar from. the truth {owever and ‘one.
ig 'ropsetedly: asnonashed 6t the way' in Thicb ncssibilitieu of" .urther devs;op
RNl revesi themdplves oA propf or th:s 1s provided by the nev ng“ pro*‘
cess.v_3v : \\ ‘.’ ‘v"‘f UK g‘ tﬁ-“?,’ )
e sbxl"a;st1ngu1ah torday two methods of engine operct1on the Otto .
smd the Diesel- p;oceas_ “®ith every deveiopment this distinction becomes less¢

The .Ottc and the Dlesel eng;ne gre apwxoachlng a common compress;on retio.»
“In the’ Otto eukxue the  fuel is' no longar mzxed Blnh'ﬁir in “ths ‘eArturettor,
but is 1n33ch«6 ;nto the cyllnder in- 8 way. which c’ose;y resenh;as that An-use
in the Diescl en; ine. 4% Ths ‘same time ve have: the possitilaty of "1terlng
_’the 1uJB“»lOL'uLx1Dg o m;lT CIn the Ueqselnpn englne inJection hes moved:
right. up to the end of. the comnression stroke; 50 that this engine nlpht be
considersd ss » Diesel engine with auxiliary 1gn1tion‘ The' Diesel: englne
-0an TUn on-gasdi ine, qnd thc Otto engine enn. use qnfeby fue1$ vith hlPh toii
inp pointu ‘ . : S e o
fhe one didﬁ nﬂtion Trersining is that the D1ese] englne 1gn1tes the xue;',

itself . while tle )tto engine requires the eid of ‘a spark*ng plug. ‘this-
d;stznctlon has beea bridged by s th;rd“procpss, ‘which is really not. 8" thmrd
~proness et all but a cross betreen tha Otto and DleSGJ processesv
) 4 number of peOple Have 1nvented such conbinatxons Tha 1irst uas
“Diesel himself. . Ina patent of 1898 he steted’ qu;te clearly ‘that & mix-
tureof fuel and- air should be compressed to & point: at Wthh it does ‘not .
“itself ignite, .but that the 11m1t compregsion should be so high that e second
fuel: ;njected neer ‘dead.céntre will ignite itself and the mixture wiuh ito
The process wAS never applyad becsuse the use thet was 1ntended to te made
of ePs was . not then-an-economic pzaposit‘on.. In 1939, ¢1senlohr had’ con*'
sidered the pOBS;bil]ty of ‘igniting gasoline by means of a tur11ng liquid,

snd tn 1933 RO -Puel processes .vere invented in several ouarters, appnrently
Ulmuluaneously L To. glve one instance, the method was invented for operating
Putomotive diesel engznes on geseous fuels, and 8ag~in by us, since our work
"on safety fuels'Ied us to. seek a more powerful means of 1gnitAon than sparx-
lng S v . . IO
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‘The -, process—which—we—hevevdeveloped and uh1ch goes by the nnme or the "R‘ng
process", is: different from: that: invented" hy ‘Diesel and his successors " The- letter
started’ off with a: Diesel_engine “end instesd’ of" eir'wished to- supply 1t ‘with e
mixture of fuel and air,. In- ‘our. present, state of knowledge this makesﬁcsrtsina___
demsnds on- the knock retlng of gasolmesq .~ The "Ring" .process; on the" other hand
is based nn the Otto*eyct*“snd reuuires a fuel which 1gnitss easily,n, :

A fuel such ss would allow an Otto engine to run ss ‘8- Dzesel engine without
sny appfeciatle 1ncrease in conmression/was not known vt thet tirs. 1t ap)esred
in the substance known -as" R 300 shich forns the bnsis for the "Ring process o

v Diesel oils are eesier to ignite the more pararflns they contain snd the =~ .
loqger the paraffinic moleculse. - Paraffins withup .to 4 C-atoms ‘are still not -
very.-essy. to 1gn1te -a8.is-‘proved by the: good knock=rating of. the gases from.
Kethrne to. Putrne which:of course ‘are’ ‘used 8s fuels for gssoline. nngines, : The,
paraffins. from hexsne onwerds .are suitable for ‘Diesel’ fuels ‘The most easily -
ignited 18 Cetene ¥ith 1€ C-atoms (rigure 1}, but’ this" exhausts the possib111t1ss
of the pdreff1n series for our.purpose, It is ‘possible thet. larger molecules
will disintegrate. even more easily, but these are of no~tnterest on: sccount or““’
their setting point as this is: slreedy +16 fon cetsne, s ’

', \ : ‘] gFigc 1 - Ignitsbility of strsight chain persffinsy

It will Fe common knowledge that we hsve in the nitrstes nitrites snd per~
oxzdes so~crlled ignition accelerators, which like ] detonauor ‘incresse the.' -
rate of reaction of a Diesel fuel.  Put-they. unfortunately only incresss the _
"speed, as they themselves only .come into opernrtion et certain temperstures. . ‘e
.used these substrnces at first ss a stop gap,. but wers glad to dispense with. them,
- as they oroved very . trich . though less when in a finished blend thsn when they ,
vere being prepsred ‘ e , RIS . : ‘ . ;

- A happy solutlon was. found among the ethers° : The best known ‘of these is.
ethyl ether; which is a" common staerting gid, in- gasoline -engines tecsuse of its
volstility, and ‘in Diesel engines beceuse of its eesy ignition. It now eppears’
~that the ethers with higher boiling points also have good Lgnition propsrties.s‘
A cherecterlstic of ethers is that they contsin oxygen in ‘the molecule; which
'should be & streight chain if possible.  The ease of ignition of ether does not,
Mhowever ~erise. from the fect thet it csrries some- of 1its combustion oxygen, for
egse of ignition does not. depend on.oxygen content. - Fut probsbly ethers. have -
‘the .property of: forming, compounds speclslly rich in- oxygen when they decompose“,

thet is, they form peroxide -
5
(Fig. 2 ~ Viscosity of 1gn1tion m»terisl R 300 ,
The viscosity of R’ 300 lies, betveen thnt of ‘gas; 011 snd ‘of pesol;ns;

' (Figu 3 - Tne propsrties of R 300 ;
The properties of R 306 - are compared with those of other known fuelsl
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_f_\We selected from the ethers wfth high boiling po1nte one “hich .was not’
Jonly. distlngnished by its propertiee but could also be produced technically,
This substance becsme known as R 300. ~Figuré "3 sho:s some of the prOpertiea
of K 300. . Agcording to these, ‘R 300 is a- fPir;y heavy liquid ®ith a high
to1ling point which, thanks to 1ta high ‘cetene nurter, w8y be descrihed as -
an eesily 1gn1tc“ Dlesel o1l Tts calorlrlc valueenn.a weight basis g 86%,
end on & volums besis 80% thrt of" grsoline, The small requirement of pir.
means thet the calorific. value of the mixture is sorewhat higher than. theat’ of ‘
gesoline._ Therefore R 500 can be used as 8- starter fuel for, Dlesel engines.
1t is8 then calied KS II. ‘ REEE.

If nou the P~fuel is injected into a compresseu gasoline alr mixture

“%the nPrticxes begin t0" react with ‘the oxyPen _present. Althouph heat may ‘e
absorbed to begin with, this is followed quiikly by. generation of heat, snd
soon the resction has reached such a speed th=t burning oceurs, end the )

thOLe mixture is ignited. “herers in- gnsoline combustion only Peyine vith
the 1gn1t1ng spArk, e mey sssure thet in the "Ring" process combustion will -
oceur almost simulteneously et several pointq Fnd.’ thet ‘it will'@oceur at. those.
poxnts ‘at vhich the R-fuel has a prenonderence over gaso]ine and where the '

temperatures are highebt._ ‘v . g . R

, “The . 1gnstpb111ty of i fuel is due to the fant that reactio.v~ﬂmuanﬂpa e%
nomparetiyelyﬂlow temperatures, This vell known frct is wall demonstrated -
by the tests which were carried out by, LFA Brunswick, . ‘1n these 8 gasollne
engine netuslly a CFR engine “wr's driven externally. without. ignition, #nd
first of sll the tempereture of the exhsust rir wes deterrined.  Yhen fuel )
was added to the intake eir, there was s rise in the exhaust tempernture and-

‘this was higher, Che greﬂter the reaction during compression., : ‘

» \big‘ 4 - Pre reaction of R 300 S
nhen & mixture of fue) e1d air was compressed, & Tuch higher rise

o in tewperature wag orserved with K 505, -which s susceqtible to Teaction,

" thern itk an eeaily ignxtable gasoline;

\ Figure 4 shows the- relntionsnip between excess Pir ratig and the rise

in tempersture of en ignitstle. %asoline of cetene number 42 vhich is highly
susceptible to knocking, which ¢iveas a maximum rise {n tenperahure of 409
Under the sarme conditions R 300 underwent self ipnition, which was only .
‘reduced when the compression retio’ fell to 15.5 »nd the tevperature of the. . ...
mixture to £0°. - Nevertheless, the pre-reactions observatle in the Ancreased
temperature are much more nronounced than with gaaollneg ’ »

Another estlma»e of the ignltabilitj of R 300 is given by the Cetane '
number determination on the 1,G. test Diesel, in which the 1gni»10n delay
is sdjusted to & velue of 189 by alteration of the compression ratio. This
is about l:i4 for grs o1l pnd 1.7 for k 300.-  An investigrtion of the:
1gnition deley in. relstion to nr,ssure~and temperature was cnrr1ed out in
‘the machine laboratory'd? tne Technlcal High school Dresden ‘on. the Holfelder



;compresslon bowb (P‘igo 5)

(Fig. Ignitlon Deley of R 300 and yPs 011
In the . 1nve3u1gat1ons 1n . the ﬁolfelder ‘compression - bomb
] with 'R 300 there. were very. small” ignition delays '
S which were little affected by preseure)

It eppeared from these exper1ments that 1gn*tion delay is much 1ess than.
rmith 8 gas oil ‘heving a catane number of €5, ‘Tt wes. further estﬁbllshed that
dthe ignition delay of R 300 is very 11tt1e 1nfluenced by prassnreo . Also, as’
temperature 1ﬂorepees tﬁé‘ign’tlon deley apneers to decresse uniformly,,;~r'
Wherees with . rvs 011 the effect of temperature cont1nually decrenses.,\ '

; A Jet of This' quick—renctlng R ruel therefore takes the place of the
ignition spork which brings'about combuetlon in ths Otto process.  But this.
is ope of: thi ,reet adventages of ‘the "Ring” proceas.fa It 'is well known -
thet, es enpln s develop’ electrical ignition is ‘becoming more dirficu1t~

"The necessity ror provid“ng a screaning isa nuisancek but ‘s Treal disad~ . .
ventage is the- fect thet at’ hlgh eltltudes the sperklne plues mis fire owing -
to sperking- Over externally.: 'Other foults becare appsrent . 1n the spprklng
~plugs themselves; where the efr1c1ency of the ‘insuletors is. inpr1red by .
deposits fro: tetra ethyl leadg_ Then agaiu the electrodes are attacked

- The result fs et the sprrking plugs are not ‘= component of: the engine,

‘but. @ -consunyt.ie. partg~ -There is little prospect of finding en additive
‘other then totr' ethyl lead, so that 1% 18 to te considered a 8 e step
‘forward 1r instend of a sensitive spﬁrkxng plup, we have a jet of llquid SRR
‘ffontrolleu‘ky S ,ellable n0771e SRR el ‘ Ea : B

. .-The l1n=tsrp factor in tbe use of tetra~ethyl lerd s an eddltlve is ]
‘the derage whico lerge quentlties of it crusé to-v-lves and plugs. Ye may
~.assume that fur-the futire pleted valves will te’ used, therefore the weakest
© point is the quarking plug. . 1f this weakness ean be corrected there 1is
“the oossibi]it» of ‘going sbead with the use of larger conoentretions of"
‘edditive; end-of. arriving in this way at high performence fuels {Fig. 6} v
of: course the prartest esre must be teken that this increased use of sdditives
does not’ ¢euse uroulle in other directions. it %11l not nrfect‘the ‘k=fuel -
jet at &ll., : : L FUVERERER L

§F4g 6 - Increasse. én knock*rating througn lncreased use” of lead. addit1vc
"Increasiny the additlve vsed sbove the 0.12% of ‘present customery rasult-
;ed in increaged knock-ratlng, vhich appesrs of value in the "hlng" pro-
- o cess, if. the vrlves are adquately protected) ‘
» ‘Flg‘ 7 ~ Comparison of 0tto~ and Eing~processes .
In both vrocesses. she’ attainahle meximum is practicslly the seme, The‘
fuel supply of the "klng"wtexae is- controlled from full 1oad to idling}
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B is now nemessary to. determ1ne vhether the nev,iype of 1gn1tion 18" ;
»suhject ‘to deviations' in power/end consuwption.,’ ‘There is no reeson to- sup~‘
.posé -that: ~this is 507, fon‘the ‘vower “is’ ‘determined by -the -energy content ‘of the
icherge -and in both: -cases this can te. mede to 1gn1te completelj. , Admibtedly,
‘R 300 hes a low calor1fic value, whzch howgver is: cancelled»out_by its low oo
fconsumption of air, Thus R*fuel does not reduoe the energy con*ent of the
.nharge_y. ) R : o : - -
e « - s - P g
REE Therefore we elso fmnd that the maxzmum ntteinab1e performance is the e
- 'same -in both orocesses (Fig. 7). . Eut we cen. al o perceive another adventagei

of the Iiing process, “which mey be consldered ag"an hezrloom of the- Diesel” '
v'pr0uess the -fuel supply of - . the li~engine cen te controlled ‘Trom full’ load
“to 1d11nga . Jdith the Utto process it is’ poesitle under specially favourable
-conditions to use & 30% pir excess. - But owing to unev01dahle inequelities..
~in-suphly to individual cyllnders en &ir excess of onby 8 1ittle more than
“10%” is permassihler«, In the Ring process, hovever even tlie lernest mixtureS'
rre’ ignitebla.‘ The»;egeon is the hxgh energy. content of -an L~fuel jet,:
whic¢h is 'atout 70 koal compared-to 1076 ‘keal of an ipnition spark "ith
very week“mixtures it is necessary to raise “the ‘volume of R-fuel " somerhat
P8 weak mixtures require s more. ‘poverful aid fo dgnition. ° The volumwe of
}R«fuel must. then also’ be ralsed because whéﬂ the fr1ction horsepower
is prov1ded by the R~fuel,» S : R T
Anart frcm the questlon of. control it is o decided advnntage of the
"Ring process thrt it cen 1gn1te mixtures however wveak. . Fith aprrk-
ignition engines great care’is required to achieve a: good distributlon of _
the- mixture ‘when injecting the fuel into’ the cyllnder as- ocherwise whet*v
ever the -engine speed or other oparatlng condition" the mixture amasr the
Lp.rul:r ﬁLULn will be either too rich or too weak. The result is’ poor .
,combustlon, or ever missing. - It is. .dignificent that the "Ring" ‘process is
not’ nearly so sensitive, as 1t depends -less on the comnosition of the mixture,
and the jet Denetrates sufficiently to rind a8 mlxture suitable for 1gn1t10n
N
. Because of, the sensitivity,af the. mixture_ﬂxhe—pesk preseures in &
spark 1gn1tion engine fluctuate. very ¢remtly ‘even ‘under normal cond1tions :
. 'so that only by taklng the .average is it possible ‘to -form-a ‘picture. of the e
. ¢omt:ustion process.f In the king process these deviations rre not eliminated
but are considerably reduced as mill be deronstrated lnterh ST ’

. Taklng a fuel with edequate vaporlsat1on the formatlon of the—mlxture
. will te vtetter the. lon§er the time which is avallahle for fuel snd #ir 'to
mix.  Therefore in the sperk~irniti0n engine the fuel is 1ntroduced at the:
‘teginning of the. suction stroke. I the time is now. reduced by postponing -
the moment. of ingection there is a loss: of power through incomplete combust- -
ion, 8s shown in. F1g, 8, In the sperkfignition engine in this case a

!
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BMW 132 N ‘the. power falls if the heginning of 1n360t#on is lnter then 120°
-On the. other hand in the hing/proceas the- engine -can reke . do; ‘with’ about, .

- half thls time ‘in which to: form: the: mixture, > - 1nJect1on cern. Lewe place ]
o e 19rge extent durlng the compr9581on strokeo~q “Thus the MRing™ eng engine
}cen work .on 1ncomplete mzxturea,_or intentionallv stratiried,charges. i

g Vigp 7 shows thpt with rich m1xturos, cmrrespondzn to,take~orf, power
.fnlI“‘more qu1ckly wlth the "Ring™ process than: vith the Otto process; = ‘This =
~is evidently becmuse the’ R-fuel comes into: conteet with fuel everyvhere, .
‘mixes with-it’; -end so loses its’ effectiveness,, ‘also the: compression temp="
;ernture is less: hecause of the large voxume of fuel: Whiuh 1s veporxeing,;;__’

va15c 8 -‘Influence of the beg1nn1ng of 1nject1on 1n the Otto and Ring K
processes :': : w~:’

In contrest to the Otto eneine the “"Ring" engine is considerably less .' ’

: sensitive to incomplete mlxtures ceused by late fue] injecoion)

, /Illustration 9 sho“a that this 1ncrenses 1gnition delay, S0 thnt meximum

pressure is'not. reached until after deag centre. If we were to inject” sooner
ignltion delay would be even, greater, and so: this condition would not te., -

yreuedied tut made worse. Improvement only aceurs if .the: charge is’ delxb'

erately mnde heterogeneous.f for instence, by. delaying injection (Fig RIAN

As 8" substitute for thie practice, wh1ch is only’ useble to 8 lzmited extent

it 1s better to heve a stratlfied chargeo' ‘

The reduced power nith the ;ing proceas at rich mixtures is seen to
occur mainly at low boosts. At higher ‘boost .pressures. the unlformlty of
- the mixture fells" orr evidently. owing to: the diminished penetrptlon of the
.quel, and also the compressior tempereture rises.because of the increased. v
- load so.thr~t at high boost: the "hing" procesa 1s superior to the Otto procees
even, for *eke»ofr power, ﬂ" : A R SL L

S gFig 9 - Pressure dzngram with a rich m1xture :
Although R-~fuel is 1njected early,(cowbustlon begina too 1°tea

= . _{Flg. 1 10~ Power et rich n1xture
The inferior po“er of the- h~engine at rich mixtures cen. be 1nf1uenced by
: altering the formation of the mixture) ~ © . .7
(Fig Lﬂ - Comparzson between Otto~ and Hing-proces° T
; \ » . with super cherglng :
At higher boost pressures the ling process is equal - or superlor to. the
Otto process even et ricb mixtures) R
S
- The. question of non-uniforr charging hes acqulred great 1nterest today,
as there are possib111ties here of 1mproving the detonstion nerformance ot
an enginse, and so avoiding as fer as pOssxble ‘heving recourse to expens*ve
‘Tuels. It would be desiratle, therefore to try out ihe Wzng process: “in



- testomith stratified cherge. |

Before going into details, we Will considerthe Knocking behevious of

ffhewbiﬁo?anafthe*"ﬁingfféngineé.qUite~ap§fﬁercmﬂﬁheTqualitjfbffpha3mixtur9;~

" Xnocking is ceused ty the foct thet the unburnt port of the fusl remcts

st-quickly—withfthe’bxygenkorﬁthelairithﬁt;ignitidn'occufs’béforefthe.fléme:“

-

‘Tront initiated by the spark hes reached this pert .of the mixture, ~ The -

ynockingkis;moré:violept,tha,greatarfandfmb#e;uniform,thisiparf-of,the; R
mixture is:  its independent vea¢tion is affected by the pressure of the .

burnt mixture es well rs by tempersrture.. . Itvis;théretore”to_be‘QXpactga ] 
“thet the tendency of engines to knock cen be reduced if eevers: sperking

" plugs sre arranged so 8s to cruse such speedy ignition of the cherge that =
-self -ignition occurs ‘only to g limited extent, or not at all, - S

‘- anmee .in a fuel

B ,Fromffﬁis'we mé§ ezbect'£hét thefﬂfnglbrbcéss'will dém#hd,kpéck—fesiat4
- insofar =s-the prrticles distributed in the combustion . -

1

_¢hamter ipnite the charge simultaneously at meny ‘pointa. . Tests have ncw
~showvn that en improvement in knocking;behavionp"may bs.ezpected,‘even if -

et present this is not as much #s expedted. =~ . T AN

',;‘Thua'fof.éxamplégfifva'ﬂormaliy éspir$ted‘éhgine'#éé Tun on severs) -

‘different fuel:air mixtures,.with adjustment of ignition advenese, or inject-
.ion.sdvence to give maximum power or the knocking limit, then at ¥ : 8
({Fig. 12) the heheviour was the seme in both processes. At higher com- -
.pression retios knocking occurred earlier in the Otto process: “ this wes

overcome by adjusting the ignition, which resulted in 2 reductioh in power;

This phenomenon, which requires c¢loser invest{getion, appears to indicate

thet at-a lower compression retic the adventage of ‘multiple ignition dis=

\

~ The

ng %0 the deterioretion of the Otto mixture through ‘conteminstion -
by R-fuel. - e may suppose that at higher compression ratios this detér- -

forstion will be less; corresponding to the redﬁction'infignition.daley"_

- appears owi

© .8t different compression. ratios e

v {Fig. 12 - Highest power with Otto and Ring processes - B
lower téndéncy‘tb knocking of.the I'ing process becomes more pronounced

1

- the hipher the compression ratio) =

; ?br-finel dlerificotion of the detonetion process, it will be'ﬁééeéséry
to investigrte closely the course of combustion, - It is quite possible that
in the Hing process, in sddition, to the form ef knocking with which .we are -

'

ramilipr;‘we may heve space explosions {raumexplosionen).

ok Turihéficomparisoh_fetmeeh the Otto #nd the Hing process vrg obtained

by plotting“kmock limit curves with verious fuels. For the spark-ignition
engine sn ignition ~dvence of 380 tefore -top dead centre was chosen,. being.-

'thﬁt.us?ﬁ%lx‘lfié.é?wwa923§ughm§gsﬁ§¢mﬁHFor.the.7Ring"ieﬂgine,the beginning



* Imei-,
\dentelly ‘tHe” noaition ‘of. the-knock'linlt curve wrs only ellghtly 1nfluenced‘
by the: inJection pdvence. F1g. 13 shovs the: curves: Tor. ‘severerl: typicel
-fuels../ There is no- pronounced ‘difference. here between the Otto~and’ h1ng
processes except thet with B4 end 01 et rich nixturee a great increaee 1nf
nnock rating ves obeerved v : R SR v R

. (Figb 3 - Ynock 11v1t curves for the Otto and Ring pro"eeses . R
bnder the g'ven conditionen the b r e p valeee nre ebout equel) -f_~

It is s known fect that by stratify1ng the cherge 1t ie poss1ble to reech
a condition ahere the lest part of the mixture. to turn has either & very high
or very low proportion of sir; sothnt the spontaneous ‘reaction is inhibited..
‘ tnother poseibllity consists 1n alterine the time .guring ~h1ch ‘the rixture-
-rerains in the cylinder. Two phenomenn rre inportent here. If the fuel -
{s inJecteH nt the beglnning of “the 1nduct1on'etroke - then . it hrg: sufficlent
“time-to0. form. 2 uiteble mixture ‘during - the ‘suction ~nd compression atrokes.
; S1ru1taneously it begins to rerct with the oxygen in the'air, so thet its
knock. retlry will be:reduced Tor exewple by the formation of oeroxides.e
‘Phis latter. phenomenon chiefly occurs under the I"Tluence of the hlgh
—hterperetures dLr1ng the compression stroPe

If the 1nJection of gasoline 1s delayed from the beglnning of the
suction atroke untxl its end, ‘the only essentisl nifference will be thet
- the. formation of the’ mlxtnre will not be.so good, and tho: knockinp tendency
“will-thus ‘te reduced.’ This. wry possibly be due to the fact thet the whole-
of the cherge and thus the lnst pert of the rixture to burn/ is not: unxform
“in character, so thet ‘in lprger volumes it hns no tendency -to spontﬁneous
1pn1tion.* ‘Lut it is elso extremely likely ‘that ‘the corrser .distribution
of the fuel makes tre reactions during the compression stro}e more difficult
end 80 reduces the tendency to knocklng,‘ : : : .
If the injection tinlng is mede later in the compreseion stroke, then !
the tlne avrilsble for pre- reection is curtailed and, =3 the tests are on j
“the. test 'stend with 'esselman englnes 5 s.O\ed 8 pronounced 1mprovement in o
the knocking tendency is ecr1eved ’ RN
w8 heve seen (F1g 8) tbnt the ning eng1ne is particulnrly well edeoted
to opereting on ch~rges wrlch, owing to treir srort stsy dn the cylinder, a
heve e-certain leck of unlforwity. Fig. 14 shors.the vey in which the .
knock lirit curves: e™n bte chenred by alterlng the ingecflon timrng of the
’ gasollne fuel. - S ‘ . : R -

In both the . tto ang tle- ning process tre Lnock limit curve is so0. altered
thet the lowest point is rrised the most, . [he curves hecoc: e flvtter es~ -
pecially for the reason thet the knock rat1ng fallseome*het in the rich

romono . .This 1s‘possib1y connected xith phenomena wrich Prank found occur1ng
: i . s
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Ry 1n5¢92228;fuélflétergiitfis:9b5$iblé;,especiallyfinl“hé Hing process, to
S TR QéﬁievefanIimpfoyemeht;ih[knpck behaviour); : ‘ﬁ3,,,.’ .

,‘eépe,iévly;with,fuéls
pdor'in’aromatics;.leadftqﬂthe;fdrmation:of pefbxides¢ - As the nuality of
-thefmixtﬁ?é“is*undoubtedlyfreduced"thrbugh reterding the injection, the fall.
“in knock rating With-richfmi;tures could te egplained by the presence of

droplets, rnd”thus orfperoxidequ”'{Theixedugtion 1n,knock=rptingpoberued‘1n_55

" According to Céileﬁdér;‘réééfith’onQihé dfo§1éts “““

_Fasoline engines at wesk rilxtures requires further 1nves§igétion§_k'

 'The illustration mekes it clear that the reising of the minimum boost
point igfspeciélly.prbnoupted“in‘the'?Riqg” p:gcg£§;g§§d'that late injeccipn
“1s possibleup to a‘pdint;at,which.the,sbark-ignitzd%iuyuld fail. Admitiedly -
corsumption deterioirstes as f_consequence of Shis, - ER

The‘cugtaiiment1Qf'the”timéjebent in the cyliﬁdar‘byfthe-mlxjure ves
merely instanced ‘because it is‘a,pax‘ticulﬂrly"c':qnvenient",examplec Yuch.
better results can be obtrined by the use of chArefully stratified cherges, = -
by the DVL p:ocess. By ﬁsing'ﬁ_tvo*jet"nozzlelamwvh?vefalready succeeded
in displr cing the knock region teyond the renge of meximum porer;. Good- S
results vere also obbn}ned byVSIight.alteration»in'injection_timing9

....In considerin: corbustion processes, pesk pressures shouid not be ieft
out of account, es maximum pressures are en important consideretion in de~
termining the dimension of a power unit. . The peak pressures will be hirher
the more closely combustion resembles constant volume comtustion. The 0%to
end "Ring" dlsrrems ere distincuished byfthe‘fnctdﬁpqg_ﬂg§§4th§”ctto,‘cpm«7~w4
bustion berins—directiy the spark occurs, end is much less violent %o begin -
with then in the "Ring"” process, where combustion does not begin until e8¢ oxr -

shortly after top dead centre {Fig. 15).

-{Fig, 15 =~ cdurge'offéombuafion‘zq,Otto and‘Ring processes T T
In contrast to the Ring process; combustion in the Ot%o process begins be-

fore‘tqp‘deédfcentre)

- (Fig, le/v’Indicéﬁdr‘diagrém'er fhe'Qtthahd Ring'proceésé§"

Barlier conbustion snd more rrpid fall in pressure ‘in the expansion stroke
_result in losses in_th@'Otto‘process.compared with the Ring process} . .

2esk pressure should im both cases be about iC - 20° efter top -dead
centrs, so thet there is no doubt that greater pressure accelerations. oecus
‘in° the hing process, - But as things turnead out. higher peak pressures did-
not-ogcurs es the volume in which'combustion takes place is about ‘the same .
tn toth cases. - The fact that in the ®@no proceas tetween ignition and dead



centre thes volume is at first diminished, thet is, thet burning rixture ‘is .

VCQmprasaed,:Ieadeito.a110897ﬁhichfdoesfnﬁgﬁbcéur5in the king' process (Fig. 16)
Twpkq1ag?§ﬁs'EFE_Showg;hqrqfwith_bIﬁbStTéﬂ@el.peakjpressuregig,gln;Qdditionif¥g
to.the}slightfloaa.inrthejcbmpfessfoﬁfstroke;Vtharey;SLabhoticeablaﬂdeviatiog;=
in the expsnsion stroke, The:Ringfdiaefhm'is“thfbd&hou@.sbmewhat higher, :
thus geining by comparison with the Otto cycle._.;Thbteforefﬁoréequéifﬁéﬁers;trY
Zfﬁéfpéax1pressure;wouldfactuﬁllyﬁbéﬁémaller}in the Ring process. - .The dia- '
gramsrhevampeenggélectcd\dé‘typfcal\examplés;from.a‘large:numﬁerlpﬁ”tests,,so,?
'thet-they'are_not”haphaiard}*c;TnejscatteringitO‘wnichjthe5Cttd;andﬁeven;thej-i
ﬂﬁing,diagrams‘areﬂsubject'mékéa‘iﬁ{very:dirficQIt1to;eive:anfpxactfpicture :

" of conditions, end it would be desireble 'to. make thorough ' investigations: so, -
thet this question might be cleaTed up. e e R St

s .;H(Fig§’l?‘-iPéékﬂpieséﬁreé}ih3bﬁtéiénQQjﬁgpéﬁgéroéésééslj{

pressures rise with ignition advence in the Otto process:-‘in"xhe Rihgf}
' R process. they follow the b.m.e.p.}) = B

' Peek pre

wé'have_nlaQ}studied'peaé pressures fs regards: their dependence on ig- - -
nition edvance or'on';njactioﬁ'»dvance,'énd'h&ve-arrived'et‘the_cpnélu31ons :

“presented in Fig. 17.. The best pqwer"ves:ﬁhé”samé,in*both]chses;‘which is’ -
‘quite understandsble,: as’in each cese sn excess AiT ratio of 0,92 was used.

In the Ring process a volume of ‘22 mm® of R-fuel per cycle was included. .

" The limits =ithin which the peak pressures fluctuate are shown.  This scat-
tering relative to the meximum pressure is 18% in the Ring process and 269
in the Otto. .~ L T el i s e v

In the "Hing” -process maximum pressure is more or less related to b.m.e.p.

If the b.m.e.p. falls through excessively early 1injection, peak. pressure f=ils -

with it..  In %the-9tto-process, on the other hand', peek pressure rises con-

‘tinuously, since combustion commences with ignition, snd the mixture,. which

‘1e alreedy turning during compression mey te completely burnt by ‘the time dead

~centre-is- Teached, SRR IR AL PRI S T e R
_ In. the "hing" process“théupressn:e'alrays rises pt ahtout ‘top dead centre.
R-fuel, if .injected toosoon, does not reet the tempersture necessary for com- .
‘bustiod, so thet ignition delsy incresses. - it the seme tire ignition 1s A
hempered becruse during the prolonged ignition delay R~fuel mixes.rith gasoline
If injection tekes place too close to .dead centre, ignition occurs too late,
and»paakvpressﬁre'ralle as . combustion is too lerte in the‘expahsinn-atque;

“But BM#,obSerxed_ﬁ;QifferentHbabavipur’withﬁsuper*cbargipg, and this requires
clargficetion:- ' The -most favoursble point for teginning combustion therefore

18 selectéd rutomaticelly, snd this explsins vhy b.m.e.p. is independent vithin

_vide lirits of the injection advence (Fig. 18).  This phenomenon .1s a valuable
eid to.control, and explains why pumpless, uncentrolled injection as developed

" by Hirth, which will te discussed later, 1s not only possible, but moreover .

-~ -Bltes useful results:



: In the "Ring procees the‘useful pressure is independeut"

"Fig 18 - Influence“of ipnition advence or'

;'v"-fv-ll" 2.

‘of combuetion S

of the degree of inJection ndvence)

-nFig 19 - Comparison botween cylinder~heed temperatures in fhe Otto end Lins

Proceesee

Under comperable conditions the temperatures in‘the Bing process are vell be*

lcw thoee of tre Otto process)

:fF1g5“20 Ccmparison'tetreen heets to coolent in the Otto ane the hing pro~ ;

. cesses -

_f The coolant heat ie con31dernbly greater in the Otto engine than iu the "Hing

¥ engine)

A8 already mentioned ve found thet during the erpension stroke the re~ s

'duction in pressure. was slower in”the. "King" process: then in . the "Otto" pro~

cess. This led us to the.cdonclusion that efter—bnrning took’ place tbat ‘is,

“thet there- rere greeter heat losses in the exhsust and the coolant. Eut the

coolant hest is not grenter; but” ectually considerebly less then: in the tto

process. . This fact ves. first esteblished by BMW-in tests on air- cooled

cylinders. Under equal” pover snd: cooling conditions the mean cylinder heed

' tempernture VEB. 4b° lover then vith the Ntto. process. R

Usiny n erall cylinder of lr cnpecity, Hirth observed the same phenomenonhl

- but not to such o pronounced: degree. (Fig. 191, *nel)y re - heve measurements.
of e ltqnid*cooled cylinder- {Fig. 26), in vhxch the power lose through cooling

wes 2567 less then in the Ctto DProcess.; . The missing heat . can" only be in- the -
exhaust gnees “hen this could sometines not ‘te shown- et 81l by temperature

Tneasurements, 8t other times only pertlly, ‘it ray heve been hacause the terper~r'

’eture measurements vere not sbove suepicxon.,_ e euspect that’ one source: or

‘error wes . the fact that 1n the different processes rediation veries. R

Tests are being carried out—on ‘these Jines. It must elso be remewbered
thet: the memsurement of coolent hert is subject to errors, so that the trans-
Ter.of ‘heat from coolnnt into the exhaust prses is not ?Si, but nrobetly less;

Yo will make further ettempts to explain thie 1nteresting phienomenon.

) So. irx ve heve marely steted thet in tbe "Ring proceee ignition is
broughthﬂbout by injecting a substeance which easily ignites. 7e had expected
to: encounter serious @ifficulties in this ‘injection process, but everythlng
went off much better ‘then ve expectod, - "herenamwe ‘had suppoeed ‘that 1t

‘would be necessery to Gevelop specisl ‘pumps: 1t eooeared that ordinary Diesel
" injector pumps with a small plunger of 6 mm. dieweter were quite cApable of
_controlling efficiently smell volumes. of 10 to’ 2J mn, By it was nqt even

necesssry - to pay speciel attention to small dead spaces or the dimen31ons end

preasures of the fuel 1ine Even at higher speeda the metering of smell




fvolumes presented no difficultiee es vns established by ‘Hirth in- tests st -
3800 r.p.m. (Fig.- 21).: llowever; at’ epeads atove 2200 ropcm,, injection must
be. advanced “'The volume of H~fuel ras 1ncreesed slxghtly with the epeed

“Up.to’ 2500 T, p m“ our experinents showed that there eppeared to be e possi- =
bility of reducing it some hatn . G S : S

SR (Figg 21 *-Influence of speed on max1mun power R e
bmall volumes or ~fuel can be 1njected efficiently even at high speed)

(Figu 22 - lnrluence of the. form of the R~fuel JFt on poaﬂr and ;[tn_g?'
: "o consurption YT
: Fine-Ftomizing nozzles are unsuitoble for the injection or R~fuel)

In main engine tests re continued to use the avn1]Pble lerge fuel pumps,

. bty inserting small pump elemants., Leter ‘it il Pecome poesible to use
'special punps of smsller dimensionsﬁ, rrolonged tests: over ?000 hours at

' BN have ‘ahown that npfuel does not 1ncrepee werr and . tear end thie confirms
‘our ovn erperiencecv : e S

“Tor - did the nozzles ceuee any mpterial difflculties, So*cnlled open

nozzles vith non-return valves proved just 83 good ra’ closed. Boach n07zles“f

_ IAny tests were crrried out to determine the form: .of ‘the: ‘jet i "The test .=

. type proved 't0 be. a jet which is not ‘too fine, such a5 a: eingle hole nozzle"

~or pintle nozzle, - But pintle nozzles are unsuiteble for wide angles, such’
as are reoulred for injecting gasoline: an novzlee evioently stomize the

. small volume of R-fuel to¢ thoroughly, and have too 1ittle depth ‘of pene
“tration {Fig. 22)Jw,_Th1s depth of penetretion is obviously important.
Tests’ (Fig..eﬁ; showed thet vith 2 pintle nozzle: with an. angle of 40° the.
power achieved rrs very lov st 20 m?, snd that only AL°35 m wes the seme -

-~ effect ‘achieved »s +ith » Bsingle. hole ‘nozzle. of 0.3 mm. dismeter. - In -
generrl the lest results were obtained with single ‘hole'nozzles: mith an:

. aperture of C.3 to 0.4 mm., or pintle nozzles vith an. rngle of: 0° . The- _
VOlUmeB ere 15 to 20 mn? in 3 1itre cylinders: in sreller cylinders 10 to

15 mm‘ - PTe surflcientd But the volure must in any aese be aomewhat greeter
than requ1red by conszderations of m1sr111ng=: }‘._,; . i

. 1\Fig 23 Fuel curves with varlous R“fuel nozzles
With lerge’ aperture nozzles €:8s, p1ntle nozzles‘»lerger volumes of R fuel
are requ1rad ip ordor to attain the necessrry penetzeting poweru

The sele"txon of definite t)pes of noz7le nas ‘based: entirely ‘on obser-'
_.vetion of their long—term tehaviour. ' The ‘open - nozrzle’ sorays ‘less exectly"

ap thet drops. or‘h~ruel cause coking 'in the bore of the ‘nozzle. - Therefore-
the closed nozzle #B8. uged by~Bosub for. the injection of" gesoline is te-te.
_preferred. It has hov.ever ‘the disedvnntage of being rather 1nrge of =

_requiring a sne01P1 spill 11ne end of being subgect to fluctuations in the

i



- 13 ’:w,

"the new so~celled
inary asoline o

the volume of api]l These feulta meke it deairableato use
dripless Bosch n07zles 'hich ere only helf the weight of ord
nozzles.a U :

The nrrengement of the R-fuel nozzle thnt 13 the poeition ‘of the R fnel
Jet“in “the combustion chember, presented no difficult1esq;~ ‘Byery - arrengemanu
gave setisfactory Tesults, It is 1mportant to put’ the nozzle inat a ‘well.:

isooled: point;’ althoughmthere 1s_no fear thet vapour bubbles will form or that
the nozzle will become overheated e R R S v

Bt if suen s position is ea‘o;;n thereun

~in eir cooLeC 2y iip ders, According to tests mnde by Bh? 1t is specialxy SR
adventeepous to’ direct the Jet. against: ‘the hot: eyhaqg; vAlvé, . In this” way.-
the power in' the rich trixture” region 15 ‘80 much improved ‘that rithin usefall‘
Limlts up to. 0. £, the povier may he sald to be equel to that of the: Otto g

process ’F;gg ?4) ',';H.“¢‘~v— FEOREP

r."'

(F1g¢_84 prrovement in- the off power due to ,

) EUCE DR sprnying the B*fuel on. to the. exheust v"lvk o

‘"itn n T]Lh mlxture a gein in.pover ¥&8g Obsaryed- w1th the ‘betier: wethod of
; ; delivery of the R~fue"( R

ﬁt the seme tlme of'course we also observed thnt power and oonsumptlon
deterlorated with- an exceas of alr and. that . there was an undes:red approxiad
metion to the Otto ‘process. - e th:nk that 8part from the explo1tetion of an
eccioental atretiflcetion of the charge these phenonena ere . due to an
improvement inlthe~supply oﬁ the k-~fuel, that is, te the effect of the large
‘volume of R-fuel in reduoing'the compression temperatureﬁt‘ "ith a weak mix-
“ture -the difference in penetrrtion’ Yetween R-fuel apeznst the_exhousp velve
#nd. the unimpeded Jet ves dlsadventFFeous : R R R e

's alreedy nentloned, other aids can be applied to’ 1ncraase stnrtlng
power The -pronounced effect otteiped from’ spraying hi-fuel on to the: exhnust
¥rlve occurs- at lower boost cir and cylinder*ual] temperatures than are :
“possitle vhen the mechine ig 1icht1y loeded “e’emn ‘then drew mixture. loops
. with prectically equel ‘minimur cousumptions end the gain dn chargs_.eighu
whiel: is hrou?ht 9bout by lower ‘boost mir temnevature ‘appears as'a gain in.
‘power (Fig 25}, " By way of comperison tests on-a ¢iquid~cooled Cylinder$
with & nozzle “which’ spreys straight ahead are shorn Lol

The infivence. of Jlower temoeratures also rns an 1mportant\henr1ng on the,
stertlng of & cold engine; The “fing" engine is. started on RK~fuel onlj, and
the rete at vhich' gasoline can te introduced depends on the heat condition of

o the engine, But in this rqy & cold "Rlng enpine cen only le sterted at



Coemantiures sbote 200 In min engune vasts af 35 oud i, Tov semseraiis
;sterta@weresaphigvedjatftpmpéreynrée“belowQOQ:g tut;thcse;apﬁearfto'be‘excgptsk‘
domg, Do e T - A T P

fﬁihe“gcnditioﬂa7éz,éféitiﬁéfare*

.on ﬁha*Dieselfcycleg;j~In‘adﬁitionhto,the>lor.speed,or the orginery starter,
;the(largéfcléeragce,qf;thefcbldfpiatpnfmakésuiﬁAdiffic&lt:touachiQYe an adequate
'bompression}preasupe{ ’CThe,piéfon{CIearﬁnceé.gré»particﬁlarly‘large’ihﬁé“CQld; o
'éﬁgine1with{éirfcdq;eqjvylindérs;;]ig” e T R ST e

(g, 25 «’R;hgﬂprbgésgfét‘1§ﬁfboagggg1£iteﬁpérapnregq'

‘i'_If;tye. ét of R-fuel is directed agrinst the exheust valve, we éﬁékuéé'ldwf

o Also, the valve cléuraﬁce;ofﬁanLairf6661ed,cyl1hdebjat leW’temperatureS;is-‘
' very;smell;wandfconsequentlyvthe,intake~vblve;closes very late. : This is the
:ﬁreésonlwhy:tqsts‘by;ﬂirth heve‘sdeﬂlphet"tpettoﬁpresSion presesure is very
’low‘ét.the.normal'starting speedgoffso'r;p.mi;ﬂbnhe‘Charge;air»must be pre-

'whéated,‘bﬁt/thié‘he?ting egrin;can@bt]béfexplbited;,sa“the'cold,engine P
_kbreathesvbadly;qnnd‘fhe,hentJis'dibéipatedYon 1ts ~ay through the blower'tov"
‘the eylinder. These femilisr difficulties are perticularly pronounced in
~the Lking proeess; T e R L e e B i T

. According to these experinmmbe, the best thing would be to use an Puxil-
“iery sperking pPlug s.ithout screening, -and BH;’(Spandau!~have teen. successful .

~iﬁ'this.*>\The‘engine»isvthen strried éﬁ_lov,tempgrnturss as an Otto engine .-
‘with théxaids‘evailatle_ror the purpose, suéh'as'lfpbt eAsoline or: acetylene.

A special case of the ignition of H=fuel is in the use of a.pre-combustion:.. . .

chember,. An~advrntage of,the,pre*cOmbUétion]chambér,ia:thﬂt}‘as in the Diesel

ergine, the tempersture necessary for combustion need only obtsin in the cham~
ter, end comtustion is thus lérgely,indépendentfot»tbeftempepetareg in the .
-comtustion chnnber.,,;Itfis,rurther’to be_expectedhthat,beforé ignition the . -
H-fueluwill‘hardly,mix W1th~tha_fuel,1n,thencombustidn chamber, end that the ,
flame jet iasuing from the pre-combustion chamter will cruse thorough igrition

simultanequ$1y et meny. points,

'.. ;[hile'$5p§,tests with pré*ignitzon éhémte£$°ﬁaveiteeﬁ made.by'Daiﬁler45-f
" Benz -pnd ourselves, the tests made by Hirth are oflspaciel~interast; aince, _
- acting on.eVproposalvmadeTby’Prosper,LfOrange;~a-pumpless injectloq system

\

-wasiéﬁolved:A‘fentelé.willvxeport,pn this in the neer future,

[:VFurthér investigetion 18lrequired_iqtb?pre—cgrbustion chemters, as the—
concentrrtion of the H"fuelvinfthe;p:e*cbﬁbustionf¢hamb¢r snd the ignition of -
" the mixture-in theimain’confustion]chamber by the flame jet lead Qne,to‘expeqt
~.that'the knock tehaviour vill be effected. - . .. e

Py

‘.'iAshell only desl briefly ﬁitﬁ_the,qﬁestiohfofaréédlétion,‘Tirstly,fbecause



‘;5side 'yithoutfworry;ngjabpﬁy _akjfirzng cylinders, as in the Otto’ engine
L The reaulatlon of B -fuel related to volume and;injection advenca. anple'-:ﬂl
jjvolune control ern be dispensed \ith, 1f 80" ;uxllipry‘sparking pxug is: provid*<
]ied for startihﬂ rnd fgr idlingv‘ ‘The’ pump eryitlen. b set;perwanently at-l5.
“ 0 20 mm.. whfﬁe cnefé would have to be'a second. stnpe with: 50; to ‘100 rm? ..

;;Under the sefue szmplified condit1ons ‘the. 1ﬂjectioq adv«nce pngle can remaln'fr

V?constpnt - Fo anecial adJustrent fov .speed-is" necessary, except 1nsofar 8s;

this ‘can re done ty a special arrPnQement of the pump parts- and nnn-return
1'fvplve..; With spraying of the k- fuel, Pgainst the ‘exhrust’ rrlve ) op ~1th a.
" pre! combustion chember, ex1st1ng en§1na cooltne 1nstallntiona are edquuate
fBut it wougd te’ Yyery desiratle in ‘the "hing process, 68 1n the Otto process.l-
to be able to regulate the coolant tennerature. : ~'.>‘f7> SR : Sy s,

To aum up, e may say that the reel advantage of . the "hlng process 13;3‘/“

=fihat it disoanses w1uh the- customary screendd ignition instellation; whlch is 0

j,sensitive .to: e’tltude The leck of: sensitivity of ‘tre: engine to lead deposﬁs
end it ability 40 run on ank mixtures ‘are 8lso 1rportant qualltiea,ﬁ; It is"
established that the ‘coolant” heat for the H-eny1ne is. considerably less. then

,:those for the: spark- ign1t10n epgines nlthough the rees sons. for this are nog —

"lear T‘ina‘ly" t e Hing’ process apperrs to have better detonet;on perform
gnce thnn the Dtto process. - The "Ring process thus combines a number of. "
ﬂ~novel,qualities which nake ius rurther develonment degirable»,;f+_.v..=»

29.1:4e





