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‘ The Ring Prosess f
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The developmé#ﬁ of the ring process shomed thet it wns adviseble to.re~
edit it end complete report number 394 publisked in August- 3930 A-foDpre -
hensive dessription o:;zhearqéuqu_tofdate sust be left until leter, when .
the results of ell tha?agﬁnuibu;purtzcipaﬁing’in‘thE'dovelopmsnt will be ¢on~

_aidered. . For ke time being the enclosed 1ist of a1l published raports-{Ens: —

3) gives an ided of the present-gtetes—The-development hes now reached a7
definite point: in May, 1042, EM@ cerried out at Spandzu the first test flights

with en engine aperatiog on the ring procoss. .-

‘The report deseribes first the fundemental featuras of tho ring process, in-
' vhieh e gesoline mixture io ignited by diesel wvombustion. Since this diesel
ignition must tske place,at low oompresalon retios, tha nmecoosity has therefora:
- arisen of developing new excoptiobally ignitabdle fuels, the cheragteristics of
which ere described: they ere cmlled B-fusls  From tie bechanical ‘stendpoini.
the measurement.and injection of the emall R-fuel quontities as well es the
pozzle design ere important. 4 considerable sduentage of the ring process 12
_ %het it eliminstes high tension ignition,-which refiders the redio communications
of the sirsrafi wuch more &iffisult - woreover there ia the sdventage of the
wids contrFol rshge . hecsuse very lesn mixtures con bs ignited. The ripg pro-
-gese resulted from the attempt %o igaite relisbly wWith oir the mainly imperfeet
- mixtures of high voiling ‘point safety fuels. Thoae tents. form B working field
{n themenlves and they will not therefore be denlt with here. In the wenntime
the Diesel ges procoss has found extepsive applicotion in the oporation of Diesel
‘spgine Lorrspe‘tutilieing rized gas or-producer ges. It appsared therefore .-
eonvenient briefly to dea) with this accassory working system in an appandix.
" The ring process and the diesel gas process go vack to Diesel\nimsalfk'whn in
e prtent sed down the fundsmentsl dste-of this working process. The fdea of
' operating gasoline engiuos working on liquid fuel by in jaction-iguition was ¢
" mentioned in 1938 by Eisenlohr. - Independently of this, 2 solution wes found
at the Technicel Experiments Ststion by operating o diesel process st low com-
preseion ratios.- A further sppendix deels with the questiod of ‘priority.

mmRopgeTION - . e

At present both gasoline sud dissel englnes ore used in avistion.  IT we
sesk the differentisting femtures of these two types, wé fiod thet this is not
ot 81l a simple question .to smswer.. The compression ratic is mnet théracter-
 ystie: thers are gasoline engines with fery high compression ratios end diescl
‘engine dosigners strive io echieve the lovest possible figures.. In both sngipes
the mixture is obteined with the injection of the fuel: " pot even the momentd oL -
this injection is & cheracteristie, &8 for instance the Hesmelmap engine ( @
special gasoline engine designj injects the fuel olmost as-late =5 Yhe diesel
" engine., The diesel engine comtustion too 15 mainly e consiant volumc.one 2s in
the gosoline engine, so thet the only decisive fsature left is the ignitiom
system, The two engines are 30 olosely related, thet it is exastly the ignition
. gystem that offers the poasibility of develcoping g pDew working process combinipgi_
the features of the tvo types. This bos hovaver produced new views on the '
reletionship tetween fuel and. cngine whichk, o3 for as they are known to-dsy,— -
‘mill be descrived telow. . o o .

. The moin differentiatiug‘rénturc of the neﬁﬁwquidg procass will be more
sasily recognised if've give @ bvrvefl outline.of‘%hé,gaealine and diesel proseases
“apd their main properiies. ' : RN S o P
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A CGmpér{eon ﬁf.gasoliné'énd'diesél Procesces

1) cunolipe process
o ﬁ'-ﬁﬁa'main'tgatdres[bf-thejgasé;ihé'p cceasfbhleﬁ heve buen meintetned
_since ite {nception ere its dependence oo tho fgiition limite of the fuel-eir
mltﬁg;g an¢fﬁhe¥g§y:ce 9f~ignttion'in3tbe,shapé-oflsn_gleotric spark.

o R . s el A o
= .. 1t 48 well known - thet thefdepgndence_on_1gnition‘limitanresu;ts—inwzhe
faet thet the engine output cen te ddjusted orly to o vary limited extent bty Bot-
‘ing on.the fuel (Fig.l. 90ej. The conyentiopal expedients allow the comtuation
of-miztures. up to a 3¢% air e:cessv“whereby the output cen likewise be reduced bty
sbout 50%.6n the wuin aengine it 18 nbsolutely imposeibie. to #dinst the mizture.

to this extgnt.‘bacanse‘the'yarioua_cylﬁndera_ero,not uniformly fed

. Tberquelity sdjustment muit theragobe be completed by & guantity ed-
justment, i.e. by throttling, Fig.2 (907). . The -drawnback of this process con™
aists firot -of 811 in the feet that a loss sree appeers in tho diagram, mors”
over the ratio of residual greos to fresh gae increases spd £inally the com- -
bustion is less complete. ms shown by the CjSOntent—ar-cxhaust geses at low
load. At pert lord the gasoline enpine workse with Low efficiency. - 01 the
other hand =% full load-the efficiensy is good.snd the output is elso high, a8
the cylinder eapacity can te completely utilised. The zime the fuel spends in
the cylinder during inlet end compression strokes  end consequently tbe quality
of the csrburation, sre such that even mixtures without esvess air cep.burn. . .
compietoly. ' - ‘ . AR o

: " If we nor turn to the ignition, we note firgt of wvll thet 8 pqint‘ SR
gourée of ignitien i3 not sonvenieas, because {ts sciion depends on the com- -
position of the mizxture in the neighbourhocd of the spark gep- This i showa -
clearly by the foct Tthat the eagine dops not atop suddenly vhen he exeess alr
irexcuges: 4goistad ignitions gtili oecuvr when richer mizture happens to be -

 present in the yizinity of the 1gnition sperk. The typicml yeriations of the
ottc cycls diagrem Fig 3 fp0R} . show thet im the gesol ine_epgine the curbureiion
‘zannot te axpacted to dw always uniform. : : ' - A

_ " The mon-uniformity of the carruration is particulsriy high wher naing
high toiling point fuels, whith emn- be {niroduced in the sy¥iinder only during”
the compression stroke to evold condensadion during the inlet stroke (Hesveimani
The incomplete cerburetion due to the short length of time compals the Hesselmsn
engine to usy sperking plugs with protruding electrodes: - experience ghows thet.
on the wall of $he combustion chember the mixipg is partioulerly unsetistactory
It is_quitencleag_ghat gueh sparking plugs ere unsuited ©o bigh londs. :

. Ab regards.the efficisney of eleatricel lsnition, §4% ia known thot the
electrodes are_seriously'affécted by the residues of the ansi- kroek sdditive
Sperking plugs should therefore be considorad ns eotessoriea ratuer than sire-
turel eleuents, zhick in faet they should bs just as Injection nozzles are.

The gavelopment of speciel anti«knock fysls, produced by the-hydrog*
enation process, has lsd %0 ihe endsavour to @pply to thesa: fuels not only
higher boost but also kigher coimr cssion rtios, 8 8. 8. Tho result_should
be to improwve both the output ond the ssonomy. The resulting_bigher-tampéra~
turas #pd pressures ceuge 8 further strasn on- the sparking piug, the to the
peed for bigher voitugas.  This adds farther to the gifficuition alresdy
apperent in altlinds Cluing % waunl fomproesnion TaLios  vhen RRG. SFMALION
¢current teads to make 113 Wy cuteide the ap;rkﬁns-pluﬁg instead of Jumpiug over
to the electrodes inside 'vhe cyiipder.  If we add thuit the whola high-tensicn

ignition system gust be 7ETy sarefully sereenad %o svoid distumbances to the
-raéichommunicatioﬁf'the desire to operrtae the ignition by @ difforent systom
" sppecrs fully Justified. o SRR SR
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:2§ Diésg1 Procoss

SN ,/"5@%evoutstahding pdventege of the dicoel engino is @ certain independ-
"mnce of the sir excess; over the smallest fuel guantity injected will burn
ccmpletel§¢pr0vidad thﬁ'airytemperutufa ie. sufficiently high. - Merely to pro-
-guee-this—fHemperature the-comprossion-must be .boosted to about-14:1 ~ 18:k——o
From the point of view of the thermol efficiency this pays, es in thia remge
elpo efficiency:still increases, Fig:4 {895). Practicmlly~‘howevertﬂ%he—f——ﬁ———
result is the? at the prevailing high ptegsurea,thé‘maeﬁaﬂ&sa&LeTficiancy'drupa:',
thus ary ddgehtage aiseppesrs.—It—cen—ba proved, fig.5 (922) thet gs the com™
prassion'ratlo,falla”oﬁf;”the‘power’of»a diesel engine does pot Grop but i% -
sven rises. . The illuatretion shows the output of @ direst injection diesel
.engine working on gas 01l rises considersbly by reducipg tho compression from
1%:1 to 11:1.. This edventage hag po practical applicuotion, bacause the ig-
nition leg ot this low sompression retio hecomes go great ‘thet’ storting is mo
Lopnger possidle.  Morsover the zum of the' engine i very jerky.  The dissd-

venteges of high ccmprgasion_Qrigimétad-the.endaavour to dovelep low compresaion’
djegel enginas . The tests on other fuels also included in the illusiretion
will be deall wilh cgein later . The ignition process Lt3elf cen be roughly
deaaribed3as_folloﬁa?f‘after;theruel is injested into the air heated to 500/
600°C, it is atomised .end tepourised, #hich process: invoives a% furet a ceriain
heat abserption. - In vhe course of this siensPormetion in which the air oxygen
‘participatesjonly"iﬁ:bert, epacking occurs as well as oxidisation on the surface
of the jat. Thia‘oxidetion‘&ncreaaeé during the conversion and {inelly visibla.
* ¢ombustion appears. whereupon $le pressure riges, Tig.6 [909}. The size of R
.thie ignition lag depends on the fuel quality: it 1s kaown that peraffin coms
‘pounds bave a good {gnitedbility end a:omatic.compcunds @ bed -one. ' o
. W 1 g . . B . .

. S As alrgady'meptioned“ the ignition iz independent of the foel-sir
retio; ~somewhere at the jet,sufrace“thé“mitthrqfﬁéét suitable for-coubustion

{s aiwayg present. It is therafore possible to control the output from idling

s

to maximum by controlling the fuel . -The diesel engine; however, cannot be
operated with the ~stoichiomatrie fueltairratio, although’ this would meen the-
complete -utilisetion. of the-eylinder capacisy.  fn sir exeese of 20% at least
is alwaye]requiredw;'otherwise the short ignition iag 1® ipsaffissent o zom~
bving each fusl particle with the sorresponding oxygen quandidy. The dicsel
engine i therefore snTerior by ebout 20% to the gesoline.engine, 8 regards .
tho siteinable meximun outpat, Tig-? (910). Conversely, #% iow icads the

diesel engine working with high Bir excess ig economically superxor'io the
throttle controlled gasoline enging. o :

\

. B. The Ring Process ‘ I ST

‘L. General ~
. Apperently it is poszible o combine ine two types of engine by using
2 cerburation and comprassicn.as in tho gegoline engine, followed by on ignition
- of the diesel combustion &ype. . This working syatom hes the code Dame “ring
' .process® “if spplied to low comprosgion engines; the highly inflammable diesel
fuel Tequired ls colied "ring fual™. A% i? zhaaﬁieael engine, this process :
sllows operevion by mixture coutrolkomlykgeigu33°the giosel combustion develops
cufficiens heat to ourn even very leen gdsoline miziurgs This offers the

"perticular sdventege that at port lcsd he efficioncy -io sonsidsveviy tmproved,
" “pwing o the avsence 0 throttle losses. This epplies . homever, only to freeiy’

sopirating engines. Ic_suparcharged engines, kaeping the blowsr aliways et fail
108d would sause a wasie of power. A verisblo boost prassurs sontrol io there-
fore more ecomomicnl . The sonveationel corburaiion Lrovess produces a vniform

di:ﬁrﬁbution.of thg fuel iR the air end no oxceas oxygen is required as in the .
~ d4esel engine. The same cutpus een Sherefore be achisved o3 in the gasoline
engive.  The gountless lgnition cores of the dissel fuel teke the plece of: the
oneé or two igaition. sparks sud an injsection pump with aozzle repisces igaitfon”
mognots sad plags.  Woen idl:ipg the engine runs oxclusively on the diesel prian-
. eiple.. - S R
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;In the discueaion on the aiesol procaae 4% wng ohown that: it iso convenien% to'
"oparete aﬁ~ﬁery low: comnnassion ratios. - The diesel engine however, f!g- (880)
‘ghows thet. thewiguition 1eg’ ia wery stro ng;y danauuant a0 the. ¢omprass;on ratio
‘This applies partncularly to. tha- low, compggpsion ‘pegion, where, ‘with ordipary ‘gas
0il, the ignition lag grows. 80" ateaply ¢hat’ it nnkes| mnBQS\operation 1mpoaaible-, The
;ring proceas must ‘b operated tith ‘the” “lowest poasible oompression~;atiou,.both to
avoid_high prassure nezks ana bacauac too. great 2 Aemend should not be made--on- the—
antiknoek valus of .gasoking: _For the Ting procesc dev010p“°nt ‘on 871 compreesion
‘ratio was! adopted at ff?é%“““"his rqtlo esn eapily-] ~be-uccd: in availahle eng*nea

‘and fu918~coa1d be found that 1gn‘te at thc corro pondlng conbression tamperaturea.

‘ This process ﬁreatau numar us aaa In"ziééﬂﬁf problprs for ue"elopmant and -
reaeareh Fﬁrst of ell,.it 1s nacaasary 40 PIOS urs o -very hi gh,y jgnitable -
diesel . fuel and itg. chamical a6 well .08 nhvs1cal p&oporuios muet e inveatigated )
This R-fugl msk’ meet ell othqr'subciflcatiens sueh .ag "gorropioL freez1ng point
and’ viacoa;ty . Frow the operational’ ‘ztandpoint it is. reqnirad tnat the, ignition
‘take place even at comperatxvelv 1low PFOasures and tcmﬁsraturesy; 1% 1a also
necessary 0. invesy 128199 how the™ *gn;?abxlity is affeytca by The prosen»e of
axfferenu gasolxna Lypes. F;qsl;y ?he ouest;onc ‘0f. tvsns;orﬂa»ion velocity of
theeo fuels, BTo 2180 Tery xmvortan " the prassure lntreaaﬂ taa mnx1mum prassure
»peak 88 well GER the tenpera*uv uep“nd onv..,}_, : o

_ Thowough inwss fgkt1on muu* te, emrvica ot zo flnd »a ¥ .ch way R‘fuel should »
ve tnjoetA& 1n $he gasogznb chﬁrce C Jes hmpe &nd-poa’ 16400 g% also be. ﬁhorough~
iy e%ud Fﬁ tne R-Tual . nu“nn tv “pcu)*od {04y GTCtu;POﬂG?hboﬂQ,-uF well as the
1nstaﬂt at vh cu uBQ 433@ tioﬁ numt nekc p1sce ' : . .

Very ex“ens 196 worx ig, naﬂa 3HOTY to. avsesu vbo F anﬂees,nv compared vO the, g
gauoline CYul " Those uowpar;aonu ore NeLessaTy 0% operetyng condiuions betweéen
-ialing: ahd full load and rotween operet;on with” free aspirating enﬁinea snd super-
charged ones, sueh: as. uged- in aviation. Tha problem of starting la en entremely
.difficult onelbeuauae thia must ba. possiblo at uomnression ‘yates oonsiderably
lower: $hen 4n dieeal engines, in much [EoTo unfavourable cirrumstsncee uhan in gom~
ventional autometive’ ‘opgines- - ~The" ouestiop la Dartieularly di;racult %0 aolve
even in the automotive a3 eeel the‘nroclem caw hozdlv'be ﬂonsi&ered ﬂobved.

The invast*naticna mat aluo denl aith tbm qu tion of uhe flsMC*propagcoiou
rate a8 well as of How the- ignitlon occurs. st @il in the rxng ‘prosess:  The eX=
planet;oa of these detﬁi a is uighly sxgniricun fox thu 1»« t;gatxoﬁ of knock

ehavtour : C S .-

. ”he ring process was snecxally °uxtod to the uge of hign boll ng poin? fue‘s
vecnuse instead of ope oing: ignition souree there £TA sovﬂrvl 1cﬂit;on foel,
appaseLsly arsurituted oec*.tho whola. cowmbus 101 chsnber _Sofety . Tuels. wbioh
¢annot- be. 1enited by the-ususl incendisry gneljs are viseous and hign bosling. - »
_ point materizla. . The eox x¢aptional asericulsies cncounvcrnd in their uge are mninhw;

dgus %o oiling of. th gparking plugs "ncecrdxn@ to repent re sults 13 appeors ‘hau s
the ring nro~0°a is like;v %o faciliszate »ne noo of varety Tuels in. @&oﬂl‘ﬂﬁ
' engines

,_,,w...

Ef “aaaL?a of 4he ring pro 88 -
- LEEERZE

ﬁ) Chemical 81d ohy"ical properh‘o= of R-fus 1ﬁ~
\ : The par»icu‘ar faature of the ring procaaa uonqxsu“ 2n ?he fect that at
‘Tow corpressfon rates ombu;t;om ooeurs on the diedel patsern. A8 ghown- in fig 4.
(8943, 8% B-1. comursssi01 zatio the termingl temporotures &I¢ shout 200°C ilower
than at - the uauml diesol gompresaion rotes . Diescl engines raqu1r° dOi 0 Coiepe -
o+ fuels; . it 18 uharafore ingtructive sha% ip the rivg Prowess the 5qnitab11i“y
,mugﬁ ferfoynend 100 Cctana ¥o. to m»hluve sure. igaition.
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 The dééaiagﬁenf,orvﬁighly}iéﬁitab}é;wauels preégntp a new prob1em]:the..“

abmﬁﬁion_gf shich vas attemp;ed;inrtyo'nqyg:~'-

- [POSEC, 2

DRI FORIPCE

o _,lltDevelqﬁmeﬂt’of,édditi#ee, to QOuﬁperact qs fef:asiposs{ble
‘ the‘antiknockTingzgdigntS,'auch as lesd tetrsethyl.  These
+ . pdditives; mixed in smell quentities mith:-diesel fuel, -

* should considerably imerease 1t?,ignith11§@?;hfwi BRI

2) Development of.uh~mixed'£ue1s; baving a“ﬁ§§5~high6r;iéﬁiﬁgiﬂw
ebility then ordinery diesel fuels thenks to their chem=.'
~4eel structure. . - , R o

P P T P

' '13 Additives, gemeral. "

_On the beeis of recent rasgarch,vthejcombuation_ofvinjeoted diesel  fuel and.
the action of ignition accelerating agents cen bs depicted es followsg: ~ when diesel
fuei is injected into eir h-highlyAhsate&; seversl reactions take place during - -
the ignitien leg, i e. in the intervel between injection =nd durning: their vel~ .
‘oeity can be expressed by fhe following equation by Semenodf: [T

T e v s Ategt ~ 1)

, ' The velocizy "+" is therefore an- exponential function of the time nge.
The other comatants deperd On molegular structure . pressure, and temperaturs. .
st e A LIV : A R s

, 'Fig{Q {8c4) shows the exemple of two fuéls, ppe'of'whichi"A* ig more
»astly ignitadle than "B", the {atter requiring a longer distridution time. The
reaction velocity grows slowly et first -then rapidly and eventunlly 8t vz oOm-
bustion is achieved. The intervening period of time 15 cellied ignition lag
‘Apparent%y':his'can be effertively shortened 4f %t is possible to accelerste the
~ slow reaction process. The addition of high dissocistion velocity fuels schieves
this purpcse, @a they “influence conaidersbly thexfsetion  The gelocity increases
_very- rapidly sa long as these additives last . rezching e terminel. reaction velocity
"yx"  Beyond thut the velocity_conformk’with the properties of the fuel. Becauss
' gurves "A" end "B™ diverge more ip their Tirst section then in the laat, it is ‘
significaty that the gdditive bas a stronger sction on the worse fuel "E" than on
sa" and thet en increase in the additive sffects "BE® more strongly them "A°. . This
" notion is confirmed by observetion. : ' e ' - o

o The 1list of lgritable raw oils is topped by fuels of the paraffin series:
“their ignitebility 18 @ funetion of their moleculer weight. The lstter giverns
their melting point toc, whieh restriets their practical use. Cetens is the best
known of normel pareffins, slthough ii is not produced in lerge quantit163b=

_ Geténo Cotene - RCH oil

" vormuie . - __CyeBay  CieBsz -

"sp GF @ 20°C . o475 0783 0982

" Poiling point °C nge<29? 280-265 200-315
"Aniline point °C . ..e82 732 " 866
Flash point °C - 136 0 328 70

Fire-point °C. - w81 - 186 . 102 :
Colorific velue kealfkg 40,400 10,400 10,400 '

o Ignition point .{Np} 9C_ ..230 248 240
Crystailisstion sterd OC <26 - . 2.8 - -3 .
Freezing point 9C . L R £ )

- Viscosity s 200 &S%: 4.5 4L 2.5
o 80%est. - B8 1-4
Cetene Ro o

00 . 87 . 90



The most eesily obtaineble rew. oile were the products of CO hysrog-
enstion (Fiscber-Tropsch procesa}. ‘The deta of one of them are sphown in thoe
atove table, . o LT R R

’>;;;~;4?vo igﬁgt;On éc&éiérat;hs_agenﬁa»haveabaghiknoﬁn'for 8 lhngbgipzr

A} Peraxides . ' . e . [\\_

+ . Such additives ere goverad by vaerious petents: the most comprehen- -
~sive i8 possibly the English patent No. 294129 dsted 14.4.1027, I mentidns.the.
. adventeges of .shortening the 1gnitiop Teg of dimel fusls, both ©0 @llow the use of-

‘lower compreasion spd %0 evoid _aifficulties at high speed.  Oenmerally. it is -
resommended to employ addizives which lower the 1gnttion'temparnzurevot ¢ha diedel
fuei. Beside mitrates, nitro compounds end paroxides, fodine, chlorine, meroury

- apd ‘selenius compounds are mentioned, as well es acetylens compounds such 88 00D~

per ssetylide. - L o S R : :

© o) Nitro éomﬁdupds : -
#__%;*+Beloﬁ 19we_1i3t'of the main conpounds often.referrea_éd‘in technicel
literature as ignition apcbletatoraﬁf i D R

Speaifis Boiling ~Melting Oxygen.

Neme . Formuls - _Grevity poing 2C poimt o %
Anyloitrate © CgHIIONO - 0.782 99 R - B
fmylnitrete . CsH11ONOz ~0.996 148 ST -
Nitromethane . - CH3zNO2 ~ 1.13 o102 -29° ' 83
Tetranitromethane . C(NO2}q . ¥.68 126 #1365
Nitroethene . - - CpHsNOz . ~ 2.05 i * - 43
Nitroathylene - CH2CHNOZ 1.07. 09 o © 44
Ethyynitrata - -CeHsONOg 3.3 p8——=fl8- . B3 T

: - MNitretee snd nitrites are-moast easily cbtained. Amylnitrete is pref~
erable owing to its high boiling point; Tests bod shown thod 1t is 8s sffect~
ive es ethyl nitrete, whiech proves that both the oxygen content end the molecular
struqture are determining fectoys.. ~Cther compounds are mentioned both a8
additives to dicsel fuels mnd rocket fusls, bul their monufecture is difficuls

_ Nitretas apd nitrites =re impractizsl not only bezeuse of theéir chem:
. cei tnetabilyty but alsc owing Lo their yapours teing htghly poisonous.. 1% is
further khown that the jgnitabilicy of eromsiic fuels, such 28 cosl dust OF coax
. tar oil, cen be inareased by kO2 pdditions. - The drawbeck is that oila trested
in-this way form oxygen containing spbotances of & resinoug nsture which csuse -
groutles in the}injectioninozzlés; This drawback does not occur when pure fuels
are nitrated. Thus a proctical R-fuel could be produced by the pitration of
__cetene: its ignitebility corresponded to shat of cotene with s &€ additlon of
amylnitreter ' : ) L o s R

. ftike'ﬁany aitro aubsfancea,‘thla'nitroVoatane also hed cOTTOS3Ye Drop-
—erubes ’ o - A T ,

L e R . . o N R o . / [
. .. . .8) Poroxides . D |
R Very 1ittle dsta are availsble on the structure of the peroxides known -
“a8 igmivion acceleratore. The. physicel cheracteristics ame known’ ealy for .
rather ineffactive sudbstances” the aotive representation_of this group ere very
daifficult to handle owing to their boing highly @xplosive . . Their spplication
%0 ‘tha improvement of @hesel fuala has baen often descerived  So fer they have.
-attained no prectical significence, ' S : S

/



.. The grest d1sadventsgs of poroxtdes is the ¢ “thoy ré dengerous-bacause
they ere explosive. - Moreover they are ungtable end when mixed with hydrocarbons

they djevelbp.acidg(ghtch corrode motals heevily. It vas elao found that they

trausfer thejr oxygen directly to metels end thus demsge them. ~ Neny peroxides
ere nolid subatenges and only slightly soludle in bydroserbons, such es the scetone
(eroxide proposed.ty Erooze. . "As @ result there is the denger of praeipitetion
whon cooling; which cen csuse explosions. ,.A?psrox’idé"'("ﬁ'xetﬁy1-et;hy1f-ketone por-
oxide) was found (by Dr. Andronov of Awmn.-leb. Oppau} presenﬁing'the}advantagq of -
" being liquid end: unrestrictedly solutle in hydrocerbona¢-~;Itfhasaawlqng life ond it
was even found thet ‘the. ignitebility of rCH diesel fuel with Dibutin sddition 1o~ -
sressed -in the course of months. - Of gourse 1% is nat posgible to uae "Ditutin” 28 -
an additive to commercicl diesel -fuel. bacauce ‘rogactions with the ‘unpaturated ele- .
nents would occur. —In {ts pure fbrm~D1butin‘cénwon13 be‘hanﬁiﬁ??wiﬁﬁ”varticular—-~
gare. Mixtures with éiesel fuel in equel parys svre, howerver,. entirely hormiess.
In the courae of tests, 8 10% uddition was foupd sufficient. 4 fusl compdsed of
104 Dibutin ip RCH diesel fuel ans called H-110 ord 1t was widely used in the ;
pirst tests. ~ As chown in fig.10 {917} in the ring process the ignition leg was ...
- consideratly reduced by doubling thia addision. gcutput_howevex wes hardly affeet~

ed. .»TheLadditive,ggtera thpwpxoportiaa of the diessel oil only 88 regards the
ceotane number, which is ingorenses from 90 to pbout 200." ST T T

"-”‘.2)'Hombeenedué;R:fuela;;,[’

S The tests on the fuels discussed in the—precading.chapter;can'beJregarded
ea congluded, aince it wag possible to f&nd-hamogeneous.fuels'havxpg a'cbnsiaerablyi
nigher ignitédiiity tham hydrocarbong of the poraffin esries. A systematic series
of testa covered a large number_of fuels and the ¢nOﬁue“"f‘el-};-morj.u.die.thlli:d.iﬂlﬂ??l‘
ether cga5~0~cgﬂ4»0*caﬂ4f0*czn5*a11€¥WBa_caind R~3C0. -~ This researeh work tock

into gocount no;‘only;ﬁyevoparatianal propa:ties;ﬂbut-also thg'posaibality of™
large scale prQGUction,' ' . S B . L

N

tox

© . %he pfope§tieszof R"BOO'érécv

Specific grevity . . 0.91 kg/lt.
.* Boiling point — : '1809C
Crystallisation stert: . - ~48CC _
. Viscoatty -30° 5 .64 0St. .
N 20 . ! 1.8 "
' 450 ’ : 0.83 "
T 08 0.5¢ ¢
—gatorific-vrlue . ¢.880 Kealfkg
A%r consumption . 2.3 Kifkg-
Steem pressure 80° 0.02 atm,
SR 100 .06 "~
. 160 Q.36 "
_Refraction = - R Y3 8
Flash.point -« : 780
~ Cetnne NO. : _ - 190
‘Oxygen contant : : r;*W22£~

e - .Thie is thersfaors » rotber high boiling point fuel. its viscosity lying
datween that of graoline snd diesel fuei. 1% cen be used xith the usual nozzle-
system. ~ Its cold stability to ~459C constitutes a copsiderable sdvense on K110
(107 Dibutin in HCH diesel fuel), vhich at.~129C geve wox.orystals. ~K-30C Is
satisfactqry,as’regardsucorrosion {with the poasitle exception of elektron}.

b} Operrtional vehaviour of R-fuels

, _Ignitebility i the main determining fector for the use of ‘W-fuels: the
starting of the gold engine depends on it, BB well as the ignition log, 1.0 the -
timé during which thg‘a~fu51,gets'undeqirably mized with -the main fuel . "
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13 Egnitabilibv ruel aensitivity

P e

The QG. zQSV diesel anaina fihted for ﬂuriﬂg~%he»uetana aumber . .
between 0 end: 190 a0 a?so ba nsed for the daterm;nstion of higher Agni%abllity
values, - Phis is doens by the 1gnﬁmlon leg method, in wuieh the ;gn;&zcn lag &8

kept 8% 2. Liéﬁﬁ level by varvi1g “The eorgFeaaion - Pne compression. 3han gives a

'wsasurc of the 1rnﬁythlatv_ Bor, Vary higaly «gu¢ %eble faels . o ogpher rapreaen%w—

ative -snbsteEnese. musisobe.used: anu»eau of vhe usual calnorthﬁn fuels, mebhyl
nephth°1,n° end-¢etansd - &ao mxxiurss were used, One B0% manapo ang- 20’ methyl-
naphthalena ‘and ‘the other I ? 1 feel plus 350% Dibubin, mated 8t -gefene number of

zas ~ This was.obialned by devermining the cetene 10 o pRYe d bubin. fn. 41
farent mixd suress.at €00 Recently 3 pure. el wos used for she. upper 31imit, which
pad besm likewiso ‘rated 8t a2 vebane puwber of lgah'" S 5h tais mebhed the ignit~
20224ty of K -BOU was desormined at abont 180, thug aiid iaing an advanzo on She
saviier R-:10, rased 2% 185 The hi ghﬂ“~*@nitunxri+v pfYere. the wmin advontages
:P an. &8 sinn stoed.vhnen the &P g;nu ig epid snd of ailowing. aperasion oa iow temp~
arature with intake air."" x‘ s5gEme Zhed dho. jgnition Lag dsereases as the ig-
,'zabiliﬁy'rasaa:_ u”»Dﬂ@G mauiios» oaky ohes the ookibastion and :
soasoquenily ¥ 4he dead ganire CHhaen *ujuatxng
po ophiImm CRYHY Th@ DA .“ : st - vaaehstratTE TRy WS
e ks ae aargs dosk BOL. veTy. ¢ T ? $he
ot ques oa iesel. engd L im pracuiﬁal
& inp was found o 0o s aPfacted by
% ' b"* bighly fani wia must b amTe o
i ﬁmfﬁ@%-?; i she e eaF0n ¥ e

g Peame

g pas 1OJuW‘M§1WDth
5. e peiessary injecsron

agcd“" In Toct 2he igeiilic
Z00n £o the EAs0line . " The r&s "
1984 oY 8 3 % apaeers thot the igni Lion - iag :
ars3ter for $go--0stansg shen 2o LIRZEne, @lbnourh Lhe oppeaiﬁa mazgah 56 hxpacted
onaigering the. hz“ﬂeﬂ anhiinoak wsiua of bbnzenoi.“ﬁs slrmmdyv"@hﬁxOuen $he .
tfeer of 1amd teSrsatoyl is “’c&“]v vigible, %hough 1% s yame elight and 0% “in
yoporsion Lo the vise 0F #nuiXnOek ¥ value- shich theed a@aLtiv produec In g8ser
ine On the octhsr howd v gawrious R-fuels- affest @xf‘erAﬁlv oe aume fuel
Falla'ln ars the resulba of adding °w, qvxeb'on apirit B4 Bo warions R”g#elsg
- — i . ‘mixad with gefane AURDSDY
' 252 PA - o Grep
B 130 C. oMo i 5y
N “ROR09 v L&Y A
@ 00 § ©ORGE 32

"1'3

PLT&-O!J “het BrL10. ﬂﬂd RLEN0 lsauu xS
izpitebdbilisy of h B0 &6 brea

shapsfere iR~
. Thus, for
o 4nd . boasSt ar?

o puTRLan of dotersind %osav%ia <he
4ne P Cepplivesion o thi e aw“o
340 iniooted o the siwming mest 8 1 Doy daed pover outpu@
Yor thig HJ“UOS (Gaon agvones anch was measuxred, i & 'bh@ nngﬁr ‘
spterval hot wEOR injectﬁow~$?art and éeod nentr measured in srank ang;e‘degrees‘,
Usually znid angie ls greshey than ‘the 1qnitlon iag mohsurec petween $BTE, of '

njestion nhd the 8%erd of cououstzon; - op’ lrum outpu ¢an be achieved 8s in the




. ﬁ_? ;
7g§sn11ue.engipe5§yﬁingtiéiing tha*cdmbhstion‘ﬁefdtg-top'dead sentre .
i ThazﬁnjécfidnEedvancq’angigmfélls withiincrease'iﬁ c6mpross1qn rdtib,'tiggv
12 {1001):v_'Tbévge;oline'enginé?ignition'eimﬁngvaled’391nts;to‘the gombustion
veloc;ty'inqpeesing a8 theﬂcompregcicn—ratio_ia_incrensesﬁ As sbowp by the .°
- gasolina engine curve, the- working pressure also-verias with the comp:gs;ion'ratic
\Inwtha“ﬁfpropessffhé'working.prasaure-fallsvmorcfs;eeplyTSince the cowbustion -

~Yegomes incomplete. ,ﬂﬂgé_xnjeeﬁionfQQvance”é:glewmusﬁ be ineresses at firet end
"~ ay wery ;owicqmpressignhratios.ﬁbe'optiﬁﬁmfis ugsin ach;gggﬁgwi$hma_rather smalier =
'mauglen._‘Apparantly‘zhia~degends on ﬁhe'faot'thsﬁ*ﬂo—prnduce‘ignitioﬁ at low com=

ppressionfratzoa~the_injectidq must te effected neer iha deed cenirs, 1.8, gi08e
to-the maxivum compression temperatbure. A very imporisnt pr gtical_gueation is

presented by the obmerration thod the-injestion raming. dependa oD woest wir tempo .

sTAture due o 4She lotber veing considerably 1ower a% bigh eltitudes than poeX

the ground, £ig 19 11002 ;. shows thet fhe ip jeetion advdnce engle varies but Little

 with vedustion at the seme timo of the ompsTatare of boest &ir and sooisn%I.
gwontuylly the engine fails, a4 toperatures vArying tnvorsely with the igale”

Cability of the R-fuol used.  Leter Op, various otler Opuraving gondizions arg

L deslt with at whig 'the,optimum‘1nje:tion.tim1ng.was determined . - Surming up,

pe san sy that ia tha regiom . of usuaz’oparaaﬁﬁg'@ond;%ibns the injeetion Liming

L wpries bud 1ithle. ac thet éxgeps for giarting, operziion I8 possitie 3% comstant

-v;nje;§icn‘aafance‘ﬁng1@, f‘ R T o e T

s Briuel Qnaht{ﬁy'@g§>jetyshnne.,

Fig 10 (917} ghowed %het the R -Tuci -qpantity napdiy offects the engine
pomer oven whep @ir @xoess 12 wesd, ~ This meeno thet R-fuel itself Yurns withous
¢onsdﬂerabl¢Hpbwer output - This surpricing Pnet must by clarified by fursher .
- gxperiments * Shouid the f-tuel gquentity be reduced beloy e_cortainllimﬁt, at
fipst the igalvion isg increasas and £inally the apgine faile Thia is Guo | not
oniy to %he fagt that 2 minioum of enorgy must be expandeﬂ %0 produse 4ha temp~ .
erature reguired, but alse that 14 becomss mechanisally diffisult $o meter regularl
2zl 4D n-good—jes foxm -sugh amall quantities {5 to 10 ew.mr v The addition of
antiknock\fuel reduges the igaitability of the R-fuel. This proves thet the .
higher the ignitebility, the smeller the R-fuel qusntity required for the ignitionm..

The RHANIR R-fubl quantisy sulfiniony for hhe ignition in by,gggpa;@gﬂﬁhe
post comvenient for %o combughion procesec espuciatly 8% pars lond, more 48 " __-
) ded e achicve souplete comonshion.  Apporsndly $hin is dwe te %he affect of

ths;pensﬁréiidm of $he jes, which ﬂepenas eﬁ;$hQ_quamﬁ1%y“ :

- Fig is {1054) showae that, wﬁsu.a’r;eh'fueléair mixture, the minimum R-fuel
quantity peeded for the igmizion is also the optimum ope for the overell gonsumpkiod
Teats beve proved 3hot this quantisy cen bu doubled wichout affecting the aconory.
Coasiderebly more g-fuel mugt te added Lo 1lean mistiirées thsn reguived for <he
jgattion, otherwise 4he combusbion 1g insomplate Tero ., zog, thers is a eertain.

_ jatitude for- the R-fuel quentity, which iz mos% sonvenient for Lontrol purposes

-~ $j5%h very lesm mixtures the R-engine rune slmost as u diesel engine, the minimpum
R-fuel guentity thereiors beipg the optimum cde Yrom the consumption angle. I¢
cos found hot ot very low pars londs, aboub 1 /10 1ord, suck as are Bpyway [ever

—gged in fIying operotions, it is sepzenient S0 £witeb ofT %he fuel and to oviain
nhe. vnoie outpni wiZzh R-fuel only. : ’ ‘ R =

v

_ The sajactiog advance angle—ic always groaser in the case of isax mix~
zures then in Tieh ones. IE could te sxpecied thot tho ignitability would be more
affected when the injestion tekes place indo & rich gesolinu mixture than {n%o
a.isan one Riph mixturss however prssenﬁ 2 ruei ahorter,combuatzon'time, whieh
cosults in a smeller injection advence angle. o

=)
e



v_f“-‘Experim?nts,hnvé'shown_thét‘genérolly'ld.to 2O cu~nme are anffidfens td?ﬁf
_the praetical load range of sero-engines and that greater quentities are neaded .
.only for very low loads, snd for sterting. . The R~fuel 1njgct;on pumps.w111 -

therefore prebebly be designed fof'tqugelivefy rates. G

AR . v T ‘ o SR
— COntra:y,tOAprpatations'tha avoilaeble pump types, (e.g  Bosch PE Ib pump

with 6 mm. plunger) are quite . setisfactory. - 1% has never been necessary ¥o
bother aboﬁt'particularly,small'dahdfspacea; .10 these teosis the variation of
:heroggbustion‘presSure.typical.or gnaolin&/énginas’was,evaluated'byvstetistical,»,
methods:  The aversge deflection: from ‘the meap value wad an indication of steadi~
_pess of running, thus giving 8 pew syeluation stendard for the quality of the:ig-"
nition.  This proved that at full lozd the spark ignition engine,is'ateadier'thsn
uith R-operatiop, yhereas s% cruising pover engina ;unning'is.conaidefahly steadi=.
‘ar when the R-process iz used, fig.15 (929}. ~This now stendard will undoubtedly .

be very useful in° future experimonts on R-fuel injection.

' the B-ongine differs from the diesel engliiz in fiiet the fgnitoble fusl is
not% injectod'inﬁo-pure'air s in o fuel-air mixturs. 1¢.is instructive‘%hat .
the ideal of multi-spark ignition would be sttained if it wora fessible to deliver
diesel fuel where oxygen, molecules havo not et boen replaced by 1ight fuel. ~
This is oppcsed by the smpossibility to. distribuie pmnll fuel quentities ~‘over the
whole combustion chember. . The solution of this problemw vquld.be”équsvalent 1l
the discovery of the'mazimum,pQrformance ﬁieeel?enginép S T

r

. . It is more likely thet only some drpplets,pf ignition fuel f£ind the neces~
" sary oxygen and the rast burne incompletely. ’.Thevignition'fuel quevtity must
therefore be as small es possible. The jet however must always penetrste the

‘jgaaqline'miiturg_very deeply to increamse the probability of essocintion with oxy~
gen. B : . . PR i o :

s

" . The ignition fuel quentity nacessary to inflame & gesoline mixture and ¢he .
corresponding ignition leg depend therafora also on the type of nozzle used. 02

__%his subject elso experiments still proceed; = it hes however been;repgatedly' S
proved thet fine atomieing is not adventageous. . .Sifipie singlehole nozzles have -
¢iven good results. , Thera 3re “two reagons for ¢his - on the one hemd i% is un=

:avoidable that'gasoliﬁéland-dieael fuel got mixed to a._certain exteat, and tha .
more 8% the more finoly diserituted is the diesel fuel. Tn the case of e solid
jot of fuel, on the other hemd t©he proportion of-gesoline w11l be reletively

emall. -~ A furtber reagbn is thet Tinely gistributed ignition fuel droplets,
autiver immediately %o the gasoline mixture'the,héat.produced'during.their O~
action -whils¢ in the case of & solid stream the hsat js confined. “#ith stert~
ing, when %the R-fuel injection occura inte fresh air. sccording %o the diesel pro=~
cess, ¢ very fine distribution is desirable,  Fubure nozzle development must aim -
8t combining these two opposite requirementa. in the course of the experiments
1t appsared edvisable to odserve the jet a% verious steges of its formation. . AD
apperatus was"tharefbre'pxoduced which sllowed the jet %o be ignited by the sparks:
of lsrge induction. This instrument wes eontrolled on the low tension side by @
‘gpacially designed marcury contact bresker. ™ By turning the beeaker casing, the
instent of . s schaxge could be edjusted to eny stege of the jet formetion. The
duration of/the spark was so ghért, thet the afdplets appearad undistorted in the.
‘photograph; £ig.16{1000) ehows the jet of a closed nozzle of 0.3 mm. bore end
_the conicel jJet of a pintle nozzle with anl angle. of §0°. Ezperiments ina .
pressure chamber are contempleted for & thorongh,investigation of the pepetrrtion..
As ebove mentioned the test results heve been pbtaired‘gitbhsingle~h01e‘nozzleu _
_glving @ rather narrow jet. . Fig.1? {e95]} shows that tha conical Jet has a mueh
higher consumption than .the siraight jot. A nozzle producing e‘wide'sprey-gave '
" yeory bad results, slthoygh it seemed Vvary suitseble.to cover the whole combustion
. chember. L% carp generally be gaid that the nozzle bore hss very little $mpore
-anee,’ . It should be ebout 0.3 %o 0.4 mm  In Bosch type closed mozzles e small
quantlty of Buel elweys leaks opﬁ.atAthe-lappéd nozzle stem, though it 1s 00% .
~considerable gompered to the total -quantity. - In.the,RaprOeess,;however, the.



. R~fyel quentities ars so smell-thet the 1sakege Tepresents s considerable Propor-
tion of the totel. It is gherefore vory diffieult to it multi-cylinder engines
with nozzles having sbout the sems leskege. So~celled semi-open nozzles are
the:afore;préferable~for‘Béfuel;nas they ‘have en nfreturn_valve before’the'nozzlg
oponing end give mo leakége:. T o e T

4 pre-combustion chembar was used fo obtain e special sheps of ignition Jet.

In those tesis tne}nozzla,wés,ndt»ritted“immediately 1ﬁithe‘cdmbustion-chamber¢~,>
vall, but en ajrrecooled chember of sbout 5 cu, CW. capacity wes interposed.  The
vau@l-ignitedaitself‘in'this,chemher{”én&;tha cylinder cherge wes inflemed by
the fine pointed flame jssulng from tha prefcombuat{on chember. =~ These tests -
showed. thet the R-fuel guentity could be very omall, end the operation wes
thoyoudhly satisfactory. It 'is pecpssary to follow up this poesibility begouse .
an R-engine fittequwithvprezcambuation,chambér cen operete &l zonsiderably lower
boost oir temperatures than & direck injection %ype. At the begiaoning of 1240 -~
attempts were made. to apply pProsper L'Orange's preséureleSs»injection to the . -
~ ring process. The mesults a0 far'available_gﬁ_tests,carried out by BHirth show

thet this methcd has possibilitiess it 1o therefore possible thai tte injection
" pump for R-fuel muy b digpensed with. - e I -

L -,e) Performance'andvcdnsumption gg.spark“ignition engines
- The'ﬁsximﬁmiperfbrmanee 1slthé:ssmé'in voth sysiems. . Hero, %00, the
necessary mizturs 13 stochiometric proportion; owing %o the,nou*un&formity_of the
wixture formation’ conteins siweys 60 mueh OxygZen thet the ignition cat take

‘plaae”' In the case of richer mixtures the perfcrmande ie.réthgr;lower thgn'in’
yhe eparik-igaition proeess.. ' o ‘ S . '

The somtuation peak prossures of the R~process we:e‘cqmparad,withvthoaé'

© of thie Otto cyele {n the course of nwmerous experiments < ° A% 2he same comprassicsd
‘retio and maximum power ouipul, iower peak pressures were obinined in +he Ring o
pProcess. In—enother series of tests the~injection'timing wnd the igaition timing -

- were varied st constant fuel-gir ratio. - The result wne that in the spark-ignitior
engine the peak pressure Tises Stbgdily ag the igpition ad7erce is ;ncréesed; :
even when the output falls off asgain. On the other hend :n the Ring process
the peak-pressure decreases as the ontput drops, whea the injagtion advence
excoads £ certain 1imit. ’ ST T o Co

'A% wery rich mixtures'theﬁperfa?mancemonuthe R process decreasas'more“‘
rapidly then.in the Otto progeas - This s not_due to the fazst that failures v
cecur owing to oxygen shortage}_because the diegrems do 1ot f£luctuate mora than
et full loed, fig.18 {1091},  The investigetions gtill proceeding tend to expiain
why the .pressure rise ogeurs long after top dead cenire apd <annct ve more favour-
ably adjusted by displasing the-injection timing. =-The ceuse secms.tojge.thatf )
on one hend the eveporation heat of the large quant{%y of fuél keeps down the— .
compression temperaturéf on the other hend undoubtedly a great, deel of R-fusl
is ueed up or tts ignitobility is morxe strongly deprecieted then ot weaker wix-
tires. A% higher boost pressures this phenomonon is jess marked, 'AS wvary high
boost. presgurss an ipcrensae Ln outpub -ean-&ven be obgerved in the ripg prosess, ‘
£ig. 20 (1084}, ' o _ o -

. - In the parg iocad region the Zopncumption was sonsiderably lower then in
_the 0Otto cysle- | This is due %0 the facy that in the R-process thers are ne
throttle lossgs: sud that morecver a considerable air exesss gives 8 nigher ef~
ficiency. ~ Frg.lL¥ ¢99x) shows © aormolly agpirated engino with a 15% Rower eon-
sumpjion 8t holif load The conaumption reduetion ig most matkad 8% boosy press
ures up-to sbout 14 stm ,; Tip. 20 §100%j, 1. in the normm} operating rango- A
bigher boosit pressures the consumption drops for souses a3 yeu/ nod fully explqined

. It might be expecﬁeﬁ thet the éamé#ccédrs.éﬁ vory low powers . In fae$,
however. it is found thet consumption is the game 8% apouﬁ\%»ioﬁd” This load is-
ovteined in;the‘ring_processxwath &bout.1.§.eir excess, with 4he result that %he

CReen
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combustion rate drops congiderably. This naoessitates iuoresse of Refuel quantity.
Fig.21 (1016) shows that it is quite possible to cover the whole range with a low
fivod R-fusl gquantity, but that at part loedi operation the consumption riseas The
‘increase.of R-fyel quentity producing with certainty the igoition of very lean mix-
tures lowers considerably the comsumption. ‘1oade below 50% are raroly.used in
flying, but only at the start and end of a flight, No complate combustion is .
porssible, even with large R-fuel quantities, at.very low outputa, olese to idling,
Tt 46 bettor to eliminate gasoline completely as chown in Fig.22 (1017).—In this
test, load and speed wore varied simultareously, to roproduse the behaviour of an
aoro-angine, The course of the b.m.e.p. curve ia therefore arbitrarily chosem. . =
For the sbove montioned ressons the .R-fusl quantity had to ke increased as speed and -
load were reduced; at 1,200 Xep.me this-adjustnent appears quite clearly necessary,
Bolow 1,000 r.p.m. the air excess is sbout 2.5, The conaumption-here.could be con-
‘gidersbly lowered by leaving out the gasolipe which burns only incompletely or. not -
wat’-auawA---correamndi,ns increase of R-fuel quantity was found necessary, &g’ well ,
-as a considersble reduction of theinjection advance angld: It im shown later that
‘R-fuel only must be used for starting up;i the control_can therefgre be easily
effected by switching off complately the fuel below a certain. quantity. The-fuel-. -
nozzle is then no lorger cooled by the fuel, but.it wag shown that the nozzle doos
not become overheated.. Relow 1,000 r.p.m. the exhaust gos had a temperature of
glightly over 100C. I : R

i

" 4) Knock behavieur of fuels in the Reprocess

In the Reprocess the ignition is produced by the R-fuel which is distributed
in droplets over the whole combustion chamber. It may thereforo be expeoted that .
“the combustion starts-simultaneously in numerous points; this excludes the form-
ation of detonating mixture residues.. IR s o o
The first experiments. seemed to confirm this. In this firat test the ip-

_jection was timed so as to produce the pressure rise at T.D.C. 'The comparative
gpark-ighition test was operated with a constant. ignition 20° B,T.C. Thege con~
ditions showed an increased xnock resistance, which vas particularly marked with
aromatic fucls. A mors thorough invastigation in) comparable conditions ghowed that
lmocking occurs in equel measure with both methods. Mhis must be dus in the first
place to the wmixture of R-fuel with fuel-occurring during the ignition lag. This .
results in a reduction of the 'anti-knock velue, which apparently, just balances the
‘agvantage offered by the multiplicity of ignition points. It may be “that in the :
'R-process the kpocking proceeds quite differently from the normal gesoline engine,.
where it is due to the sudden ignition of a residual-gas mixture. In the R-vprocess
ignition centres are ,available over the whole combustion chamder, BO that it is not
Timpossible that knocking might be produced by the sudden ignition of the whole -
mixture. Comparative tests are contemplated on the combustion process of dlesel,
spark ignition and R-engires. In the choico’of R-fuel nozzles special require- . --
.ments are presented by the starting operation. All experiments have shovm that a
certain depth of peretration is recessary to ignito with certainty the gasoline
“mixtire; this can only be achieved with a solid fuel jet. A small nozzle bore

is essential to obtain this depth with small fuel guantities. For starting, how-
ever, a large orifice is pecessary rapidly to deliver to the cylimder large R-fuel
Quantiti_e_-s,_dwhilst fine atomization is desirable to. allov an intimate mixture with
the eir.. The problem is therefore -to-produce—a-nozzle delivering a solid jet

with small quantities end a dispersed one with’ large quantitiasr‘“LoW*temperature'
starting presents a problenm which is more difficult. to solve than in the diesel .
engine owing to the - low /compression‘ratio. fhe low siarting speed and the large
clearance of cold pistons as well as the large valve overlap, produce additional
difficulties. T : : ) : :
. As in many stages of the-engine developrent, the work od the Ring process.
"for the development of 2 suitable starting method has led to subjects which present
an interest outside the R-process,  Until 'we ‘discover a fuel that is harmless -
outside the engine and ignites itself immediately when injectod even at low temps
ypatures, it is wecessary to apply special sources of heat. The simplest solution

eems to be to warm up the intalke air. ' R i :
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Most mﬁow zonversion ars direc’c injection engineao ' precombuatian _
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