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Y new xvorking proeeas ie described for combustion engines v:hich hee tha
: followins eharacteriatics'— ,“. - : : :

Mixture tormetxon according to the Gasolim- engine mothoa by msecting the
fnel in the .’f.nduct on cr ccmprension stroke . .

I@ﬁ.zm accordwg ta the Dioael engine hy :lnjar-tmg an ea:uly ignitabla oil

1nto the gasoline mxtura._ e : ‘ b SR RS es
‘ This is caned the Otto—Diesel m'm:eaea . Tt ia used wigh- the lo.-: eompression~
ratios of’ the gaaoline angine and ttxerefora reqnires 1gnitmn~fuels wh&ch are. muoh
more 1gnitable tth the usnal Dlesel melag I R - B

/

The rea pmeese hrs the follo-ving advantages'- : « Cr LT

, (1) Power is c:mtroned ‘not by thrattling Dt by alterst on of - the. éxéegb"g;t-.
mtio, This givea a low fuel concumption at par" loadg, ; = i.‘ L

, (4) le ignition syetsm ia not: arrectcd by the deposits from artiknock aub_ e
.st.ances Pnd there—*ka'aiﬁa“m“iﬁteri’eranca a:rzh rauio—comaica iona. T



| quirenenta for the sntiknock performnse’of fusle are less thsn.
‘thoge ne ¢ e

of o gasoline engine.¥ith the seno compreseion ratio of 1:8.

{4) The nock 1imit of fusla doss riot depend a0 mich upon the m

strength. * Thie fect ie azfti@lquy?fa??ik@g with eromatie fuels. . '

(S} This nsw process s not.very: senaitive to the quslity of the mixtore;
‘Thereforo high boiling safoty fuels, as, e.g. S TR

7Z 900, can bo used.

_ A piston giving a com= .
.pregsion ratio-of 18 is necogsery and-a second pump for the small ignition ofl
'quantities; slso a ‘second injection ‘nozzle ingtead: of the ‘sparking plugs. -~ Con- o
. trols mus} be-developed for tho two PUIDE, oo T T

... Tho method can be applied to exiativg engine types.

. The chemieal development of ignition oils is moking 8004 progress.  Since the
“’principle of the Otto-Diesel process apnears: to have been worked out so fer satig~
~factorily, it is: timo that the nero=-sngine firms were ‘called upen to Jjoin the " -
- sfforts for its furtbor development,. . . .. 0 o0 R LV R

Introduction‘ i i el

, 'The,aerb-enlgi_nea}‘otitqday.,_ara-‘easo).inb_fehg‘inés“dnd Diesel engines. ' The com-
Prossion-ratio is not en essentin} -distipguiching feature, for toere ere-gagoling
engines with very high compression: ratics, end Diesel engine development is dn the -
direction of lower values. - The mixture formation is: obta ined-in both ongines by
injecting fuel, and even: the tining of Injection is not charaﬂeti:’s’ti‘c’,ﬂ,fot, ‘@B
in the "Hesselmann® engine -~ a special type of the gosoline engine - the' fuol-{s R
injected olmost as lats es in the Diesel emgine. The combustion of & Digsel engina
.15 nowedsys a constont volure combustion ac in. the gmsoline engine. So the- /..

. decisive distinguishing factor s only the ignition system, =

- Though the two engine’eystera arc 80 Teerly related to each other the fgnition-
system 15 Just thet factor whieh presents ap opportunity of developing & -new method

which combinea the charecteristics. of ‘both engine types, - This leads to nsw points
.. of view as regards the relstion:~: "Fuel = Engine” shich,will be deserived in this.
CUPEPERY T e 5 R e L e L T R e

- In order to see how this pew method differs from tho ususl way, I should like -
.%o explain: briefly the Otto and Diesol engine progesses snd @escribo their proper-
cBles. o o Lo i e B R T L DA e

4._Comperison of the Otto end ‘the Diesol process.’ R L

{1} The Otto proecess -
. : entior
ore the effects of the fgnition limits on the fuel-air mixture and the source of -
_lgnition ~ en olectric spark. - 4s’ every ‘one knows ’t‘he,erfe_ci;?;‘pf‘the.__i’gni}tion”“f .
~lmits is such that the engine output can te controlled by fuel Fegulsiion only to a—
limited extent (£ig.906).  The usual means permit ignition of mixtures only up to

an excass air retio of epproximetely 304 whick reduces the ‘power. output elso by

 Tho'main characterfatica of the Otto process aince the time of its in

~ebout 307, In & mein engine, - homever, the mixture ‘Tegulation camnot be used to

- that extent.,

.. The control of ‘quality must! consequantly be supplemented by a control of
- - quantity, i.e. by throttling (fig.807). The dimedventspe of this process is First,
that the disgram shows en ares of negative work; furthermore the relation of the
" residual geses to the fresh gases becomes more and more unfavoursble, -end finglly
- there is jncomplete combustion 8s proved by the CO-content of tha exheuat gases et
10w loads. . Thus at part leed ‘the Otto engine works with poor effielency. CAE



full J.oad howevsr, the erricieney,is, ood ond thero is also a bigh posver outpu‘?..s
‘gince the cynnder capaeity can‘be f-complat.ely Lailiaed. " The fuel remaing in the"
‘eylinder during tho inteke end ,raa'sion;strokes end’ thereforo thevmixture- RO
_Jrormation ia ao good that mi,xturas"withcut"’ xcess air burn complei:ely‘

B ith regard x th ignition, - po ‘

,,deponda 1n its effect upon the accidental compositinn of the. mixture near the

; 'spark gap.. " This is shown' by ‘the fect ~that rith 1ncreasing excose air rat;o thaa e

“engine does not. feul suddenly btut ‘that there are: every. now and then a fou firing ..

" strokes. whea a8 eomewhat richer: mixture: heppens ‘to ‘ba.pear: the ignition spark.’ vThe_

* typically irregular: gasoline diagram {fig. €08} 1ndioetes the irregu}.arity or tho :
mix‘ture fo-metion in tha @solino engine v(fzgoﬁoa) Dl

i The non-unifomity of‘the mirture ia partieularly groat xxhan usmg :mels
with o high boiling ‘peint which: cen ‘only be. admitted Anta the cylinder during tho
_‘compression etroke, inorder to avoid: deposttion during the' induection stroke. e

. (Heaselmann). - The mlxture formetion: - incomplete because of the ghort time ~

i »necessnataa protruding olecl:mﬁes‘r sincoe experience shows that the mixture rom-
- ation is- particularly poor at the wans ‘of tto combustion ‘chember,’ It is self-
T eudent thot euch sparking plugs are unsuitable for high loada. e

- BB regards the reliability of eleetrioal iguition. the electroﬂes aurfar con' .
uiderably from the deposita ‘from the entiknock substences.. " Thorefore: sparking'-
plugs must be conaidared 88 conaumabla accessox'iea and not: ‘s atmctura!. per?.a ag v
they" reolly ‘should be, end as sn;jection ‘nozzles mey now be coneidered. - In eddit'-
ion, the vhole iguition system must be very . carei‘ullsu screened ‘in ‘order to avo"ﬂ
mterference with radio eonmmniez'tione' ' the desire to produco the 1gniti.on 1n
*ano&hsr manr.er is underetondable. RERCIRL . . e

(2} The Diaael process

: , Turning now to the Diesel engine, its most mportant advautage 18 independ-
- once of excens ‘air, for even the smellest fuel quantity injected will: turn com~
: pletely 11’ the temparature ia: eufﬁciently h!ghq, “This," ‘however, . presupposed the:
‘stepping up of the compression ratio to sbout 1: 14 or1:18; meraly to produce thie
.. tempereturag,  From the point of view of thermel ef*‘iciency this ‘eppanrs worth
" ‘while since it i3 still rising in’ this region (fig:. 89.:).. ~:iIn:praeticey, . hcmever, _;'
the mechanicsl’ efficiency  decresses with the high preasures: occurring, -and the:
,advantage ‘ig-1gst. . It may ba- shown. zﬁg&oea) thet with decreesing. compression
ratio, the power/of 8 Dieee}. engine does pot - decraese, but increases.  The figure
shows that @ Diesel engine working with ‘@rect injection gshows a canaidorable power,'.:
inorease with ges-oil. when the mpmasion-ratio is lowared from 1:17:t0:220% .
The praotioal application of this edventage is not possible," beceuse the- ie.nition L
 leg with 1ow compreasion-mtio bscomaa 80 great that the engine ecannot be sterted.
Engine running is also very rough. - This: dxsadvantage of 8 ‘high ccmpmsaion-rat:lo
18 tho reason for trying to develop Dieael engines wi!;h a: losr compreseion m%io

. considering now. the 1gnitmn pmeess uaelf'” after i:he mjection of the
.fuel mto the sir,” heated to approximstely 500-€000, atomisation end. vapourisation 3
‘of the fuel - at’ flrst with absorption of heat - takas ‘plaes, During this pro- .
‘cess, to which ‘the oxygen of the air is- only partly coneributing, cmacking end -
’oxidation or the surface of the" fuol ‘stream oscurs. . This. oxidetioen mcreaeea
during the resction, end- £inelly a visidle oom‘bustion ‘takes plece whieh is

followed by s presanre increase {£1g.508).  Thé ignition. ‘1ag depends upon: the
quelity of the fuel. "~ The: paraffins are vary highly ignitobla, the aromatic fneh,
however, rove 8 low ignitability : T _ .

L The ignition 15 independent or the fuel-aix.- mtio, sineo al'aays somewhere
m, the aurfece of : the ruel stmem ‘there" is & mixtmre by ourable to 1gnition. '?:‘
Eherefore the" power cen bo cmtrolled from 1dling to ma fmum . ‘outpat by reguxation
i ihe fuel. But the Diesel engine cannot be operated at the stoichimetrio C



fuelfeir retio though this would meen tho complete utilisation of the cylinder
-Cabacity;”;;Tﬁevpoaér?eveilebléffor&pfaghi@alﬁpurposgsgisilibite@why the necasoity
.of having'af“leﬁatf20%,exéésé"airﬁéincé;thejhhbrt”timejofithe}ignition,leg{wouldpJL'
:ﬁoéibe;surriéién;;tq;provide_every_fggl,particleJwith;the;necessary'oxysenA(figqglor
'QTﬁiagmeans'tha%ffhe}mgximumfpcwarﬁof“the]DieéalfenginemisAamallerjby*zogfthgpithati;;
- of ‘the gasoline engine, .On tho other hand the Diesel engine is much more economic-:
'alféﬁflowétalqads;&:fForvatklow'loadrtha:Dieeelyangiqg;wprkg;withfé;pighjexceasgaﬁgjl
ifréﬁiﬁfﬁhilst“thbjgaaclinefengiﬁé;isvdcntrolled;by:ﬁhrottlingaﬁ%:g_ Lo

“B._The Otto-Diesel process . . = .

~= . The .two engine aybtsmsfcan‘obvicuSly,be[éombinqdﬁin'theffollosing%way:‘ﬂthefaxﬁ{
‘engine forms end compresses its mixture eccording to the Otto-engine method. ' This .
mixturo“is'thengignitedmby,a,cdmbuationaeccordingﬂto the.Diesol mothod, . 7a have,
80 to spesk, two engines in one;'gfnp“tO‘thefand:of.tbefcompresaiongthe;engingrwork&’
Jasfa:gasolina:engineHSndﬁsubseqhently ee & Diesel. engine. : The gesoline engine. -
“needs nosparking plug because the self-igniting Diesol fuel eluo ignites the .

-gesoline mixture.  Therefore ze may call the whole mothod the Otto-Diesel process,
¥le can: ensily sppreciate the adventage of this method., ~ As with the Diesel emgine. .
mixtureecontrol-is'permissible‘ainée'theﬁniesel»combugtipn,develops,anough;ﬁeat“ep;‘ 
ignite even very lesn gasoline mixtures, - At very smailYosds, @8 e.g. ®hem. . .
~idling, the engine operstes exclusively on the Diezel process. »--Furthermore the .
‘mixture formation rccording to the gesoline method allows an even fusl distribution
»;inathazairﬁso;that“no.excessjoxygen‘ié“required’as‘in'theﬂDieseltengine,,;mwhus;tha,
~seme .power is obteined as in the gosoline engine. - Instead of one or two ignition.
. .sparks there ere innumerable ignition centres of the Diesel fusl, end.inateed of
‘megneto snd sparking plug =n Anjection pump end nozzle are used, - .. .

| : Y

.. Tests have slready beeh méde~to'Qperété'Diesél?ébgiﬁes with e ges=air .=

| mixzture. In Germemy this wothod wes several times used under pressure of ‘Diesel

oil shortegs, and we have. also ‘carried cutféuchvtestsg‘vHWe;havégchverted seversl
-Diegel .vebicles to a mixed system where the engine operates,with.QSSfoil,asjuSugl»’~
~when -1dling or st low 1oadscw-;With‘higherﬁloadszaa,addsd;fdel-zaaﬁto‘the,air;f%;» '
Thisgmathcdiis,only'an;qmergegey:measure,since_theregis»still a :conaiderable. con=
‘sumption of ges-oil end the process is not economical. Experience shows that the
_use of this method under normel circumstences is but of the guestion. . But it must
be emphesised thet in this case the engine still remsins a highly compressed Diesel
engime, . . - - U A e e e PR e e

w0 ~But . the Otto-Diesel method,which;is_the_auﬁject:or;thie;papehjsisgbaeed'bh‘
the gesoline engine.in which, in epite of low compression, @ Diesel process fs . -
1nvolved§1g~$herldw-compreSsiqn‘and"cOnseqpentlyrthe'necessity~of‘using particularly
highly ienitsble Diesel fuels. together with the special requirements of sero- <.
engines give ws so msay new points of view that it ray be considered as & now pro- -
In ‘eonnaction with the Diesel process it was shorn thet it is best to work
#ith.as low & compression ratio-as-possidle. = Diesel engine tests show (fig.830) -
that the 1gqition'1agvdepends*very”mhcb‘uponfthelCQmpreaaion,ratio;*‘vthia'iaf' o
particularly ihe case in the7:aﬁge;ofilow_compresSion*where,‘with normel gee=-ofils,
the ignition leg increases so much-thet it cronot be used in prect ¢e. ' Put the
Otto~Diesel engine must be operated with compression rstios es low ne poasible,
Tirstly becsuse high pressure pesks.aretundesirable.and’aegondlyvto restrict the

sntiknock requirements of the gasoline.
S ‘This nscessity of using low compression ratios necessitrtes the development
of]Diesel;tuels:or,particnlarly»highgignitabiltty, . The necessary conditions for:
‘the Otto-Diesel process were established first by the Regearch Lsboratories st
Oppsu and leter in collaboration with other depertment o:?our.wqus,.ao_thet»now

fuel . : .



;‘the 0tto~Diesel engine ‘canbe. operated ‘with a cOrpreesion ratio of 1'8 as occaaicn-
~,elly vsed’ ‘also’ in gaeoline angines,«. The fbllowing chapter will deal with the s
4*jsalient features anﬂ properties of the OttoaDie"l engine° TR ;

.“

ol ‘Toth

(e) Iggiti leg

i PN Although the Ot c-Diaeel engino derives from the gaeoline engﬁhc it
».behaves in many -ways, 8.g8. as’ ragarda the ignitzcn, like a. ‘Diesel engine (figoglli
;shaws 8.g. that in. the Otto—Diesal engine 28 in the. Diesel ‘engine: the ‘ignition’ lag
{1ncreasee with deereaaing compreseion raulo : 1he same phenamanon is apparent. . '

. when the ‘temperature of the: inlet-air 18 lowere ﬂhsn the ignition lag" becomes

-;greater the injection takes pleca in a’cooler: gae mixture .80 that the: ignition lag -
‘ ‘below. 500 air~temparature rises’ very steeplyn' High ignition lags’ cannot . be: made
-ﬂbacause duripg the lopg time required Tor the mixture formation. fuel: spreads i
_through the whole eylinder ond so leads to“u'bulk efplosion.‘» Further. in ‘the = -

Q’Otto*Diesel engine, ‘the compresaion~temperatura 18 louer. then vith the ccnpreasion ;
'of pure air, for the gssoline fuel consumes hest ‘when. vapourtaing and 5o lowers - :
.the temporature. ‘We. find: therefora (fig.e12}). that the ignition lap 1ncreaaes with'»
T~1aing fuel qnantity, i e. cith increan!ng loaa. : S . Lol

: rhe 1gnition lag doae not depend only on the tempcratura et the end of'
- compression (£ig.914).  This graph ahows the fgnition lag in terms of. the compreen,ﬁ
sion. tsnperature," Different temperatures were ohtsined firgt Yy nltering the <
‘inlet-gir temperature st a constent compression ratioicf 1.8 .secondly the comrb*v”
pression ratio wes.altered at = constant 1nlet~air temperature of 800, = Starting -
‘from the point of intereectian ‘of:the " two curvas,,ioeu;at 809 eir temperature and
;.ccmpreaaion retio of 1:8, sand eonseqaenaly g final" temperature of 3800, & .decreese
- of the finsl te perature by a decreesa of compression ratio," B, arfecta fheo e
- ignition lsg much more thau e decrease of the inlet-mir temoeraturea ) This means -
,that the pressnre ulays 8 very importsnt part,,.i_,»;_,_ : R

. ' The tcat showa too (fig‘elﬁl that the ignition leg dacreases onsidew-;
: ably with increaaing boost pressureo ~in-this- tnauf—however«»the ignition wes not. -
- set, es tefors, at T.D. C., but nt the optirun velue. - Thie injection sdvence angle
-Jdoea not correéspond exactly Wiuh +he 15nition 10g0 Tha infiuanee cf the pressure,'
however, is, unmlatakeble. P S : B

' ,;ﬁhen 1njectine the ieniticn fhel 4nto the g?solina mixture partxal
mix!ng of gasoline and ignition fuel is unavclaable and- the ignitebility' is redueod;
»In feet the: ignltion 1eg is increneed €3 soon esg leed tetraathyl ‘1s. edded to the -
gasoline fuel, . The' results shown in £ig.016 are ‘rather surpriaing, for the
ignition l2g is grevter with igo= octene then with benzene .although . tho rewatse
‘would be expected becouse of the higker antikncck velue of the henzeuc,~‘ Az
‘mentioned before, the éffect of lesd tetreethyl is 9vident.; 1% is, however, very
small and. cannot be compared with: the increase of the antiknock value cauaeﬂ by
~these add&txves to trﬂ gasoliﬂe fuel : o

(b) "he 1gnition fLBl

\

. IR For ignltion fuel a substa vce ia requlre& rhich 18 mueh rore ignitable
‘than the usua 1 Dieael rucls., The developmant of ignitzon fuel is urdertaken in tﬂo‘
.ways-ni;‘c;; ‘, Lo , v A : . i

, {1) “he development of add1t4vas wh1cb ere xn contreat to nntiknock
auhstances such - as lead tetrasethyl. ° thon added ‘in cnall quanti tiea %0 am already
cnite easily zgnitahle Diesel fuel’” trey vill: iucre&se its 1gn1tabiliﬁy corsiderably,

\

(2} rhp developmant of euba ancaa vhuch by maelves are much mora o



wae uaea with "RCH" Dlese_ o
§ 'rasults of racent re.::-,arc‘.as
BLE as. follows*“j,(i‘igoaoﬂ)‘ i
?‘velcmty with; which 1gnitxon, akes ; ,
zgns.table substencesg “ghiech reaet ‘BOFS: rapidly, oIme any casa tha 1ongeat ‘time ‘i6
‘spent ot the beginning 0f the resction, and so W con: magine,that hero the emall

;nuantity oi’ ‘pdaitive. b:,'fIts ropid dxaintegration gives 8 vigorou “imnulsa whieh is :
auf"iuieno to shox-ten the ienitmn lag; S i o

e ‘ Such substances ere ," ,,gn nitrates and perondes but they coulﬁ not -
'f’oe usnd ..ucceae"ully 1o increpse’ ‘the- 1gnitability. They ®ere unstablei net i

‘,.ufflﬁiently aoluble, prcluced poisonow vepouvs, supplied noxious ccmbuation RS LI
proaucta or. bad other disadvantage& y : IR : : - e

v»"ﬂperoxide wes Tound; nowever, 'nhich kaﬁ none of these disaavantegeea
ndition i thet—*be #il with vbieh it is mixen shell have no unsa«urated
'Pho most znporbf*nt nwperties oi‘ this neu peroxide are the i’onowing

: ’:f';wlour S s | Golourleas s :
S ’.solubility' BT . itiseible in. eny. pronortion

N N ‘hydrocerboas - . o 3
vchDal.%J ) BRI 3 cs‘ oc 20060 ,' -,_ o B
. Speeifie. gmvitg P 1. 07 . R
- Vapour progsore g ’_f “-Lowaer: thgn t.hat of Diesel tuel
calovifie value [ U ?-f':~-.;'Approximateiy 6000 kcal/kg. g
'f“}Air requirament ‘~ - RN - kg/kg. [ PR

» L o "‘his pex-ozua must be handlad wit.h particu}.er cautmn when pure,, but
-'mhen mixed in equal perie “aith. Biosel fuel it is not dangerous. - - ‘Bn addition of.:
:‘10% a8 - ueually founﬁ sui’i‘icmnu Livig are at’ present engeged -in. finding ‘out. the
affects of. greater addmiens,. -;'~'Figu91'? ‘showe thet in the Otto-maaal engine the
ignition lag 18 considerably ‘reduged by’ doubling the aﬁditmeo_, The poaern however,
e, herdly affected. The additive alters the propertiea .of the Dieaal fuel only €8

,regoraa the cctaneonumber which rises from’ 90 1o anproxnmtely 2r9; Eﬁg 92'3 ahows
- thot. the additlve ”D" is much more. efrechve than a,,g nmyl n!txite. e ‘

‘ RIS There 45 etxn e dmadventage eﬁ. present and uhis is ‘che emnll 10?1
& 'temperature stability of tha “RGH“' Diesel’ oi}. ‘which we ‘uge. es the basio 0113 apd
.. :which sterts %0. crystel’tiae below -10"8 we: ere ,enﬂeavouring to use other m.ls -

for tbis purposeq L v : e ; O

using_\thé aecond method“ :

s Instead of a mixture we hav a homogeneone subatanae nhich is highly
; 1gnitable.l Already quite @ number. of suitable ‘substences’ have been . four:l. 1.
. /800D €8 ‘the numerous posnibilities ora reviewed"e choice will he made bearing in.

- miqd ‘the poﬂs_ibility of 1arge seale produe«.ion., L - .

(c) ‘I‘he 1gnition oil nozzle. }5._‘} 3.':

Tha quentity of the igxitmn 011, neceaﬂary to 1gnite the gasnline "



fmi ture, end ﬁhe lgnition lpg whxch tLen oecursc depend on the type of injeetion
‘nozzle. . It is pot’ anvantageoua £0_use. fxne stomieation. ~ Good: resulte have. been
?obtained w1th ‘a. axugle hole nozzle which gave a near iy sollﬁ streamu ‘Two pointa
will explain thus ph°nomenon.., ﬂ:rat 83! manticnnd toefore, & certein mixing of the,
gesoline and the 1gnit;on fuel is Lnavoidable ené thia will, occur'mora with. finer e
_distributzcn of.: tho xgnx+1on fuel - #ith e golid jot,. however, ghe proportion of .
gogoline will be- relﬂtivelv amallo becondly, atomiaed 1gnitxon 01l droplets s 111 :
trensmit: the heat ganerated durzng tna,reoction 1mmediately to tha gesoline mixtnre_
whilst @ solid -jot reains ‘the. haat.; . Only a emall qpantlty of ‘oxygen  is introduced;
by the ignltion accalera,or, ccverxng oaly: 1, 52 of the air raouirementu,: Iu any
'caseD it will fevour the etar° of e&ethermic reactiono ..:{- a0 e

«,_ﬁﬁ ';*‘_ Ev;dence of this is pzuvide by the test shawn 1n the next diagram i
{£ig,921), . Heore the qu?litv“of the atomisation was’ variea by altering the 1nJect=i;
ion crassure, ond it a5 found thet the bes t vslue. fcr the nozzle used was. approxi-
mately 110 atmosphere:;?l The: 1nje¢cion preasurc . ras 1ncreasea,and ths atomiaatxon
was impraved, and-tho 1gnition lag then increased, hen 1t. wes. reduced, the depzh
-of penetration w8 lcan anu,trs atOW1sation becama 80. bad tbat the 1gnition lag
,<agnin increesed G afi B LR e i TR e s

s

(e) The 1gn1tion fuel qusntity ',5vj; ﬂ {ﬂy9¥91,u'? Tff ff“ f7*3ffAfwi' Q

o ' Fzg 919 _phowrad that ﬁhe ouantity of. the 1gnition fuel has almost uo
jinfluence on the performanee -of the ungine, even if 1% is operated with excess air
S g in theae testan 48 wa: ahall sﬂoleter, this - ‘misansg that the: 1gn1tion fuel . burne
almost Fithout oy, preasure 1ncrsese,:, “If the. ignition fuel qu°ntity is reduced -
»beloa g cortain.lovel, the. ignition leg incroares snd . the engine sventually cuts
out. The reseon is nct so mueh that a minivum quautit of- energy rust be supplied
:but rather that the regulation end jet formation of such smell quantxtiea =8.to
- 10- mm3v» becomes imperfecto ‘This is proved by experienee with supercherging where.
‘smell quentit;es are sufficient for ignition ‘though they ere nnly 2% of the fuel
lor 1355@ whilst epproximately 4% is neeeesery rith ‘normal aapiretiono ‘* ‘

It ie therarore nece°spry %o develop pumps ‘and nozzles which supply
and regulfte the seall quantities reliably, At the .same time good cooling. is’
»'necessery for the smell oil’ quang itiea can ' only: dispose of.a small quaatity of heau.~

%o have reoently worked with Bosch nozzles which are ezternally similar to the.’
1nozzlo DE 40560’6 ‘but have a bore of 0,25 mm. only. - . Ye uee & Smm, pump plungery———
‘The téats show thet - this urrangemeao is sstisfactory. though the effective stroke

is hardly 1 mmy‘~ v S , . : i

(f) Tho contr ol or hc ot o-Diesel engine -~ ‘,- T f,‘_? ‘,,

© A

| After thus hﬂvlng uescribed the ﬂetails of the Otto-Diesel engine
'we cen’ now discnss the engine as a fhole ena briefly deal sxth the problems of - 1ts
' contral. PR Pl e e SR O . s

R

. 3 Figqelz ahowed zhat the ignition lag increaae& with 1ncraasing lode
”But this is only the case if tie pressure incresse takes: plaee exactly 8t ‘the’ dead
centra, ‘However, it is bettar, ‘particulerly with lean mixtures, to. initiate the iv:‘
~ignition tefore T.D.C. es in the gasolina engine.,' Fig:926 shown thet the. inJeetionw-
advance: engle which now’ 1s ho 1onger identical with the ignition leg, -is approxi='
mately 459 for all-lcada. . This: fact 1is edventasaous for control, aince a. constan% ;
injection advence cagle ean be'used. . The in jection advance angle shoved the 1
peculiarity in all tests of 1ncreasnng a 11tt1e in ‘the region of ‘A= 0,8 %0 1,2 and :
_ then returning to its originel value at A = 1.6,  It-is pogsible that the reason . -
for thie is the dasign of the eylinaer ana its gesolina injection system. It is . .-
_intereating- that the injection advsnee sngle incrsases above ) = 2.5, and_that 1t
bacomes neceeaary at the same tim~ to supply 8 little more ignition 011,;> “he



R axcid:y ‘the specifie. conaumption uhich ahowe a
clear minimum acua eeriein cxcnsa air ratio - 1. ghould like to:shov. you s eecond
‘test which 88, carrzea cat in.a very'olmzlﬂr manner,‘only w:th ‘the: difference that
vo used’ another DO2E 110 for the ignition- fual'ifin“eﬁolo .You see that now the '
consnmptzon ‘curve. remairs conatant &t 1ow value for o considerable range of thg
‘exceas eir ‘and | 1nﬁepe“dcnt of *he poﬂer, ThlB eonsumption~curva reminds us: of_m;
“the Diesel. engine-end . ig. axactly mhat e must §ry to schieve. It ahows the -
€importance or the devnlopnent of ‘en 1gnit40n fuel nozzle. 5;+V~~ :

B : Thus we sec that the outpat 15 bontrallad by the delivery adjustmsnt K
f'on the fuel BUND, thc upper limit of. shich must be influenced by the air-density in
- the: induction pipe 1in -orger- to avo1d an excaasively riel mixture.  Apert from that“
;fthe reculation of ‘the fual 18 eontrarv 40 -the gasoline engine, independent of. the
“sir. density.‘ The 1gnit1on fuel quantity is -either, set %o 8- constent velus or.
'ragulated by. the deliverv setting of . the fuel pump. The -1 applies 10 the'_._
‘injoction advence angle, . ¢ tests on ignition lagn a’ready discuasaa ‘showed .
that 1t can be also rodueed with increasiug booat preasurea i,eo air densityq,,-

e b T shculd like to po1nt 9u‘ tnat ia is alao possible to operata the )
(engine as. s gaaoline °ng1ne -opd only to "eplace the: spatking pluz by en ignition
fuel nezzle.ﬁ"ihe engine - is then- cantwolled by throttling s pusl. - Filg.951 shows
_the control of. such_&r en(ineo A% first- ths. power is reduced by weakening of the
mixture. Them at cn cxcess. "ir retio of '1.16 throttling begins, ... The excess eir .
ratio did not remsiy conatent as/'honld ‘have been the case ‘with e gaaoline engine .
proper but rose to o nrarimotoly 2.0 whep 1dling, singe the throttle was operated
by band,. . This mebhou of control hns no particilar adventaga since ‘tha copsumpt ion
48 not sc- gcod o3 in jhe Otto“biesel engine -and. 1%-is mentioned cnly 40 ‘show thet
engines with a. givex aontrol s"atem can b° con;erted w1thout diffieulty to operaue
wﬁhigﬁﬂmxﬁwl : o .W,“,‘ : -
: ith rorc ence to the operation of tbt - engine op - 1gnition fuel only,
it could be asked why the engine is'not exclvsively -uperated as & Diesel engine. on -
the highly ignitablc 1gnition fuelor‘vgererrzng again t0 figcgez which shows the
~outpus. of the Dieeel anglne ot-various - compréssion ratios, we sea thet with the -
nost ignitoble fuel we can work with the lowest compression Tatios, but et the sameJ.
tiwe the power. drops nith increasing ignitabilityogw We: also -know thet- Diesal e
engines require specxal aﬂjustmen 4T they ere. operated on pure "RCH" oil.. The
reason for this: is shown .by the pressure cirves in . figc924 in which the praasure L
riso rlattens out whsn using highly 1gnitable fuela° ' " ‘

.fnel - -Buk: since we are only at the vazy beginning of the development it ‘secms
poaaihle ‘thet we cen schieve en -improvement,: €. ‘by- o miteble modification to tho
~injection or the nozzle: design. : We expect that: ‘best progréas will be ma2de by the
~chemicnl. devaloment: of other ignition fuels.. Eig,928 shows thet this is justi-

. fied, - This diegram compares the pressure diegram of- the ignition fuel mixed rith-
“en- additive hitherto uged in the I.G. test diesel engine,. with that of:a new fuel
-of ‘8 totally different. composition. This is one -of the hamogsneuus fuela elready
mentionod. - - The jignition. lag is. ezaotly the same but the combustion is comsidorably .
“better, for the- pressure riaes wore steeply and the eftec ive arsa’ of $te: dlagranm -
vis larger, - This megns. that the homogeneous fuela will 1mprove the womking of the
Ott0°Diesel englne considerablyo‘HYL_. ; i S L T

_v\,

(g) omgarison between tte ge°oline gggine and the 0tto~Diesel engina

’"he diagrams show tha» the maximur power of the Otto-n;esel engine



olear compsmsoa poasible, the consumption of the gaaonne engine waa: reduced ati

~§nerease-tho- ~pregent differerss of appro::mataly 104’ in the oourse of:zfurther devel- '
‘opmen‘i: of 'bbe Ottoﬂ);esal engme& v_;,' .

'18 aomeahet lower then that cf ths gasoune engiaau., At tha present etage “of

:development we" are pot 80 much i'tterest.ed in" tho sxtent of: thia dirferance tmt
_rather dn’ whather this difference cen be ‘gvoided; This can.be answered in. the
afrirmative”fnr the:! deﬂ'zciency is: eaaentia;lxjue o’ the mperfectiona of tno ‘
‘1gnition ruol inaecti on ; Lk G

At part load the ‘consumptian: of tha Otco-ﬂiesal engine 18 be

‘than thet of the gesolins cogine, which is o bo cxpected (fig.cs2).  The cux-ves‘"

shown: here dirfer leas’ then tnose of our f‘irst tests. L Vimen attempt to make &

‘further by eu!table ad;justmer :, - Bu$ we are ‘¢ertain thet we-will Ybe able to

L In order %o compare two engmes o muas nctonly conside; power and
consunmtmn ’but glso pesk preasure.» ‘Pig.989 shong tha: B{;EUP‘. .ond the peak ‘

 pressure. ?hilst the M.E:P. wes calovlsted 5 usual from the torque; the

, plotted peak preasures reprogent. mean wajuesn’ from 1argev' mmxber of m&icat;or .

disgroms. . The 0tto=Diesel engine never phows uigher pesk pressures than the

.gasoline engineu In ¢he presant ‘tents they were ﬂuen coneideraoly lower which ie

partly due, hm:ever, to the lower pov:er,

Quite interesting ie the steady runnins by which I msan the vari-"-" "

;‘ationa ‘of the ‘peak pressure from it3 mean value. - We see thet in the gesoling
engine the variation mcreaaez both in the rich and the lean region when’ appraaoh- g

‘ing the i@ition ‘limit, In ths lesm ‘region the enmgine runs most unevenly 8t the -

‘moment when mixture control mst be ohenged %o throttling. - ~The: veriation
j decreases again 85’ the excess air ratio dedreasea eith throttling, RO

St In the Otto-Dieeel angine tha porert‘ul ignition by the 1gniting

' ,streem ehould ve notxceable especially in: the lean region by smoother rupuing,:

Tho 4% agrams show o tariation whieh w08 -empller ‘then that of the- g,aaoline engine
diagrams in the ‘oxcess eir region. “Thus the- Otto-Diesel’ engine runs evenly up to
wery high erxcass air ratioa'. oI rioh ragions: at prosent @ aomaahat larger vsri- :
-ation is observed which ho'saver, can cartainly be: avoided. - :

lh) _Beost:mg—ot the Oﬁto-meael en ine ‘

R e know rrom tha gaaolme engine that the L&E;Pu ob%ainable et the
knook umzt decrensea at firsl with ipereaping: ‘exdess air end rises again at ebont
1.1, ~ This rise, hmvever “is only" shor., sipee.at -about 1.3 the mixture is.mo-

 longer igniteble. In ths O%to~Diesel ‘engine; however, the 14mit. corve ‘continuves -
‘0 riso’ st&adily and reaches higher volues 'then in the- rich region {fig.927, fuel

¢). - In order to avoid tao high tooat presaures this toat was performed with 1009

air temperature. A1l the same 3 booat prassure of spproxzimetely 3 atmospheros .

‘was reached at an osxeess air ratio of 3.0.80 that she test couid no* be ¢ umed

1% is up to ithe engine experts to find out- the limit of. economical operatzon with .

¥:] highly auperchorged 1ean mizture.: - In theso %ests hare the power of thko blcma.

was not taken into secount end tho spaeifio consumption in the lean regicn
rerained almost ot the game. low velue. - The cylindez*heae temperature ond the.
exbonst ges temperature , which we have not discussed bera, .decréased corresponding
to the fall of celorific velus of the mixture. - The ignit&ou fuel quantity was.
sdfusted $o & fixed value, so thet this quantity rafemd to: ‘the. fuel decreeaing

‘with inereaaing excees oir ratio. Pt e R W e el s

Se cen clearly aupercharge the fuels to a larger extent in the g

: Qtto-nioael engine then ‘in the gesoline engine (fig. €25}, 1 should, however,
13ike to point out that it is not simple to obtain compersble conditiona, tince the

. knook ‘1imit 15 strongly sffected by the selection—of the "mﬂ;tcn -advonea™ . The--

.gasoline engiw Operated with a conatant settmg of 32° Iu %he 0tto~Diese}~



e As shoa1 in formey tests; in the Otto-Diecel -engine the limit curvesk}
' or the uromatica_ﬁngla‘gra eonsidereoly flatter"v -shape than those in the .8aso% - -
' 1ine eugzneowm Foig: improvament with the: aromatic'fuels Ieads o8 change in’ their i
',order of evaluatinno_ oV2: ia" always ‘above Gy in the Oato-Diesel engineu,f The" ,

Qperticu;arly flat: curve for zT 100 can be not cad in bo»h enginesoﬂ;-;

v otter knock behaviourj' the OttOwDieggl engﬁne may be anticiﬁateé
~heeauae of ‘the multi-point ignition’ which pre"ents tha occurrencs of large rasidual
ges; qu»mtitxes° +'Bug it Bust no% be forgoﬁten thun*tha Otto-Diesel’ engine works o
‘with a compression raotio of 1:8. end. theretore requires more from a fuel’ then the :
‘gascline engine with lower comprasaiono Ho' atatement con’ yet ba. made on the S
"influence or the de*alopment of the ignition ol on. supercharg;ngll_ L

;c Una of. aafety fuela in the 0tto~DieeeT nroce

(1) Qpality of *he nasolxne mintnra

I‘ L3y b° expecued thao the Dtt0°Dieael engxne 13 not 80 susceptible to.
dericienciea of the mixtere ;ornn+10L ‘a8 the gasoline crgine, since the- ignition
dependa no longer upon the acc:ucntal quality»or the gasollne mixture near the

‘-sparking plugo :]?\3 / : S L v. v i

: This fact con be provei by proaucinf gssoltne wzxtnreswof different s
‘quality-be altering the injection: ttm&ng 71T the atart*éf‘inJectxon—infaagasﬁlina o
' enginé is chengoed and thus'the time for: mii%ura formation, thg mixture formation .
- becomes worse with 1ater in;ection and the engine- fails,with injection gt ‘the end
“of the inlet” ptpole. . The Otto=Diesel ‘engine, however; works setxsxactorily with
" mixtures which are formed only durin@ the compreesion stroko, ~ "It even rums with -
“still poorer: mixtures butithen there is a loss in power. (f:gaslei. “In this case. .
it was found thet at 260° T.D.C., i.e. 1000 sfter T.D.C., the. power wes:gain L
elightly 1mproveﬂ which ie apparently cauaed by turbuleneeu, e et

Thus wo f&nﬁ thet the OttovDiesel engine is- leas ausceptible to deficien-'f
cies in mixture forzstion then the gasolino engins. ~ The gasoline engine is 5
operated on 1ight fuels ths' toiling behaviour of which hes. boen dotermined. under .
eonsideration of the fact that thiz engine requirea a high qnelity mixture formatiom
The new. process makes it possible $0 be moro 1udenendent of the boiling poinuu/
This quality of the “Otto-Blesel engine means a eonsiderable advanca in the use- of o
fuela with hieher beil*ng points, i.e; safety fualsv e . v

(2) Safety fuels

L It is obviona thst e fuel 18 less likely 10 1nrlnme the more it differa ‘
~4n’ viscosity, ‘toiling behaviour and flash_po;nt from the highly inrlammable gaso-
1ice.  There are various safety" astages vhich can: be reeched. A small ‘degree of

' 3a;ety is ghown by fuels which do not flash during oceidents or do 80 only reluc~
" tently. . We 'call these "eresh proof” fuels. A considerably grester messvre of ~
safety 18 required of fuels which ere esposed to incendiery shells, = Fhilat the
firat kind is importent for commercial avistion, the Air Force requires a fuel - .
which is safe ‘pgainst firing.  Botween thesc two. atages there sre fuels which are
not absolutely safe against fxrin 2, 3et do not cauoh *ire each time they are f%red :
on. - . S S

T The fxrlng tests which were cﬁrried ant by the oxperimental etetion i
"Rechlin" had very’ 1nteresting results wbich are shown in the pumericsl table .
»—(rtg~934}“ ~In-the first group we find the light ‘fuels, . Here it is rsmarkable
thet the heevy gasoline in spite of @ higher boiling point and @ very high flash
peint gives ro safety. Alao its highgr viscositv is apparently not sufficient to



hﬂve any nfluenee.‘ ﬁﬂith the exeeption of.expoaing this rual to diract firing,
“thers is o cortein improvement;ﬁ Loriif we. light rn esbeatos fibre aoaked in tuel
uhe Tions snreads‘with cnly‘ons tenth of the vel 'ity”or 1ight~

p .peréieily To{ ..
{ms-»oil 3} 1igher boiling point and ’#iscéﬁity. have . pparantly 8 favnnrable e
et‘fect., The boiling point alcne is not ‘the decisive: tactor‘ for in the third/ =
‘ETOUD “we- f'ma the ‘some gas'-oil ‘thickened: ty @ 1ittle wax.. Thia affaets ita- o
fluiaity or.ly. bug " the msult Ae complete uafety_agamet firing. I8 eannot ‘b ¢
_easumed; hcwevor, that the viscosity s the ‘D08t 1mportant i"eature for thiais
ccntradicted by the ract that. the TZ 900/1 38 fuel ig ot completely safe while the‘ »
nonsiderably tbinnez' ‘conl ter: oi; meois . all raquirements in ‘spite of its lower - “
~“flesh poing, - ’l‘his strzking vehaviour: is apparently due %o ite: eromatic character
“for: eowparative teats on. flana velocity betwean gaeoline end: banzene .show | a similar i
advnntage for-the aromatic "uele. -’as acon 88 the: engine development permit# we NN
muat direct our atzention partiealar g to aramatic safaty fuela, ’ , SR

The very v:lscous f‘uel TZ C‘:{30/0() :‘:is ompletely aafe against ﬁrtng, but
Bince the thinj;uel is: a]mo...‘z satisfectory, end engina 011 is safe 7 n:ay assuma
that a ruel ‘I‘Z 900/2 gzves sufrlcient safety T L R

Thus not one bus several pmperties together ara deelalve. : Apuarently

',high viscosi\‘.y is not easential and’ this is. uhe most’ important result of the S
CPiring test. - “This fact facilitates coneiderably 4tho use. of safety mels An-
“ongines, for. it is’ extremely difﬁcult .to deliver and etomiae viseous fuels.

& -i’rehaating 1s not only diffieult bus it ezcludes the uso of entimock aednive'e, o

' Lo hen survey!ng the safety fuela 1n order to find one which can be used
mthou?: difficulty in engines it is seen chat 'rz 900 has properties whieh mke it
particularly snitablao : SRS A e . L

: "Z 900 is & eubstance ahtch ia omed throngh polymariaation of isobutyl@ne_
snd eccord:ng t0 the treetmene aubs‘cancaa of quite: differant viscosity ean be -
.ained rapging from thin oil’ to rum~like meterisls. Ho can. use.the, . polymeris-

ation product in its vlacoua form ‘%o improve lubrzcants and ‘with lower visccsity it
“can’-iteelf be used. directl:y' 85°g lubriesnt. . “Another extrerely important. feature
‘which mekes it en interesting fuel ia the’ fact thet TZ S0 docomposes into ‘1t edm~
‘ponenta when heeted o 3000 vithaut lcaving ‘any residues.. Thus . T2 0200 is o vory .
‘rere. case im- hydrocarbon chemistry, ‘ This decompoaition produces "hinner ruels,, and
i‘inal—ly—tha mitial iaobutylene.. 5’* - . R _ o

'l’ho normal hnavy ails. howevar, evaporate leaving residual depoetta vhieh
spoil ‘the-. lubricant; - Sifee in nreuent»asy toots we musd always expect depoatts in
“the ‘lubriesnt, the: mportanee o" a !‘uel givmg no resiﬂue and not apoiling the B
lu‘brican‘c 13 obvious‘.. o R S . .

co Soma time ago v'e mede extenswe tesua to break 'I‘z 900 down to 8 yaeeoua
atate end to feed the engine with this ges, C Wl i‘ound that this could be dom but
: w is. hardly applieable to aero enginesu S ‘ ‘ R ‘

: . ‘x‘hus we had to give up tha idea of uamg the deccmpoaing property, and
attempt to supply the oylinder with T2 900 in atomised form, - Eut even vith . ' =
‘special nozzles it sas uot possible to produca a mixture which could be_ignited by‘
means of a- sparking plug.__" ;_- : e N '

; Tn seeking 8 means to ignite the imperrect mx?.nre the Otto-Dieael method .
wan davelopod rud operating with T2 900 was then- -poesible. . This represants the
most striking advaacs due %o this now: metncd. (pancxl note- not only the operatioc
écith safoty ‘fuel is thus. considerably advanced, but slso ‘the protlem of starting: has
23 new solut;ion. It is obvious\that 8 gasoline engine cannot be started wlth a



T Tha '-eanlt of:. euch K: R tem‘. ‘ie shown in- th :
expeeted in the prasent cireumstances, the maxinmm pm'fer uaa not satisfnctory, bains_é
-10% 1esa than that: -obtained from light gesoline. 'But the’ engtne shiows -remarkasble
behswiour: ‘with a leen mixture.; “Afal ‘high ezcess air ‘ratio even'a higher ‘poger; thatj
with 1ieht— @asollne ‘®as obtained. -;This phenomenon can only ‘be explained by %hefac
that the. TZ €00 hes tha ‘property ‘of- aecomposing whon heated : pparantly ‘the’ ‘1‘2
900" decomposea uhen it 1o ‘injecied-into the: heatea ‘air, ‘which' Procees: produese G
':highl g voletile- substancss und also g;as3 so thst a vary gccd mirtura 15 produced’

_ ‘I‘h&a sur;m.siug fact can be saen from the coneump'tion fignres (fig,919)
{:which ai. part load are batter for T2 900 thau for: e:mso::.lneo o A high Yoad, hcw- ,
. gver, the’ ‘consumption is still high. i Ne may axpe-"- somp. prograss through o

'{attention o atomisation, and -wa: sre all the more. certain that prograss’ wnl be :
‘made since.we have not- yet made” any ayetemticyoste ‘on' nozzles . for: viecqua fuols. -
“Pencil note:. Dsimler Eenz made tests on. nozzles and bove begun oxn nozzle aeveloa-
-ment';, ‘-Junkers, 't«'m9 rave token up the prob lems: oi‘ dellbéary and atomisation}

‘L /

, ; r“:ven ii’ we had an’ fmcrease of fuel deposits in the cylinder,, 1'b wonld no“
;matter-ﬁn the case. of T2 000 for the fuel which entered the lubricent’ would hava

a lutricat:lng eﬂ?ecto “'fle-have. establiahea vy tests thetTZ €00 is ‘=n axcellen T
~lutriesnt. ' An ‘engine which ran under conditions causing ring»stiehmg after-10

 houra st the- most. with co::mxsrcial oils, ‘eould e made to zun for 100 hours with -

T2 900. without any_ring-stickirg. Thus there exists the poasibility af operaf-ing '
~anm angine with 72900 working et the’ saze time as e fuel end as a lubrxcansu LT
- far have already successﬁ:lly cerried out tests on' reaaing ‘the’ nel pump with TZ 00(, ;
heated in- the crankease.  The residuel’ rual condansed and raturned agaiu to the
crakkcase, auarting i’ts cireulation againo R » e = £
S L ‘Ihcugh much '7'701'1\ remins Suill to be done,, you will ‘899 tha«. in coaneetion g
ﬂwith the Otto~Diaegel’ method thers are gocd prospects oi’ usmg safety me.L t’or tbe

. Operation ot engineeﬁ Sy

i Da conclusion :

Tha testa 1n conneetion with tha Otcc°masel pz-ocesa ahos thau 1tm basia ia -
? :secureg ‘and mere end nors  questions sriso which ore outgide the gphers of fuel ~

; research ‘and mainly concern enging doslgu. .Therefore the. ‘¢ime hss como when

“ at g ‘mapy placee e8 pozsitle tests of ‘this kind. sl'oula be carried. out using’ the
“wide -experienee. givea by eoro engine dovolopyonin. 88 f‘dql reaearch workera
: should firat of:8ll try to dovelop the ignitxon rucla and carry Gut fuel researeh

: accordmg to the new Operatmg mathod.,‘ RN o e
Tt will bo hast to atart nth single cylmﬁer ces»s whmh a’;sea only an L

, 'additionel pump and.nozzle ‘and. e piston for. g eompraasion ra"tio 4'6. e Them will
~‘prebably be no: difﬂcuiﬁy with the necessaTy equipment, sueh’ ea govez'nors puxrpo .

-2nd nozzles since widn’ experienge is- a'uailable in this i‘iefldo ' Bxtensive" taats to

investigate star; ting ere most importsmt, Bmce i 1s desirable to avoid using a’
spark.,.ng plugy even for this purpo 158 cmlyc : , ‘ -
A As soon aa ne hava enongh experienca ag’ ragards ‘bhs oneration of the mjeetzon '
_ignition we. shsll have to- increase the number of tests with Bafety fuais. . Horop, =~
_previous experience ‘of delivery and in;ection‘ will be very, ugeful. X3 ic auite '
' probedle that greater ‘pProblems of‘construotion and desxgn wiil have to be solved -
i.han with the OttOwDieael eeghod using iight 'fuela.. A8 1 said berore ‘the depoai%a
eafety fual are’ tmmeteriol §if we use TZ 900, But the devmopment’ nill have $o

‘ ,ba carriaa on beyond th:s ons poseibzlity. For all othar eafety fuels -3 have to



‘ WOre p_ursned in other quartere but they have only
ollaboration. :0f these two branches: of ‘aoientific ‘
mnlarly woll suited to the furtheranoe of uucb id
place our’ experiance at the ¢ ' )

d
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