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1. INTRODUCTION

. Fvel resagrch and fuel supply are. cloaelj llnﬁed i
especially in the realﬂ of °v1atlon, above all of mllluafv
*avﬁatlon.v. B R _ e

‘ These tvo branches, cmvzl and - mmlltary 1ly1ng. have ‘rif*'”
“almost '‘the same material requirements as regards ruel, but dm fer
‘marcedly 1n thc accomnany:l.nb supoly requ1remen834  ‘ _

“Th paper 1s an. attempt to glve a plcture of Con&ltlonb
:1n Lhe supply of ‘light:fuels 830601a11y for hlgh per formgncc
englnc= of. current constructlon.,_ N T

Fuels 1or D»esel and jet pronu131on or safety fuels
;make the plcture more confused,  without, hovever, altering. .
it fundamenfally. The present sitvation is naturally taken

into account, but the views given apply. cenerally. /For the
,mout pact they already enter 1nto plannlng. el el

Hbme production and unlformaby are, together w1th
~aeroplanes of the highest performance, the most 1mnortant
- demands of military avistion.- These requmrements cannot” al]
be fulfilled without contradiction, so that certain com-
vromises become necessary. In Gernanv, through' the Air
Ministry and Industry (especlelly the I.G. Farbenindustrie)
working together with the German Research Institute.for
“Aviation much has been dore already towarms the vafllment
‘of “hoth recumrnmenns.v  e _

' The follow1ng paper deals 1n aetall nlth thlg”~oﬁu.,'/‘ 
Increuse in. both avallabiliby and unlvormLLy axfect R} e
hlEh nerformance fuels considerably rmore tharn fuels of t"o’,
87 Octane No. Class, so that developments will be QISCI$°LM
thh snec1al reference to- tﬁe former ClaSS.f_—,f '

2. mwmsm.: oz«* AI’ AV“'AJ.‘IOL FULL SRS S

- Thc rost innortaht reouisites of” fuels have often been f

‘r-qq(m-y'-ha'-' g Arm nr\ Tpnrn "A*‘n'i‘ or ‘YH‘PI‘\."\"'\-\:



(a)

;Ph131ca1.gl;&” N
Freedom from Vapourtformat :
‘No oil'dilution, . .o
*Good stabmllty 1n Lhe cola

(b)) Chemiesl.

(anti-eresze properties)

: g rformdnce.-‘ L '
. Good . Stability in storage (ox1dation Stgblllty)
v Low deposit: formation. :

v;ginFrecdom from corrosive propertles.-s

J(c) PhV§ioa1 aﬂQ chemlcdl

(R . . -~

w’Low f1r0~rlsk

, The LUlf lﬂgpt of these vequ151tes can resulu from the
,fLel ulde, aq Lell as from the utillsation 51de., v

g

3. ”ULFILMI‘NT oF RE UIREMEI\ITS BY» THL PbODUCTION SIDE

' (3) Phjsical PronertlesL

. Vapour fOdetlon dnd 011 dilutlon are consequencGS“'f
_of bad boiling. behaviour, according. to whether too much low
or high boﬂino components are’ present in the fuvel. . Correct
_eubtting of the benzine fraction gives a fault free product,
~an zdmixbuvre of suitable fuels will also. 1mprove boiling
behaviour. Slmole distillation-or- blending instailztions
~can be used for this.. Dissolved gases can also cause trouble
under certain circumstances. Remedies for this must come -
from the design side. Stability to cold in the¢ case of -
Tnuro hydrocarbons, is only & question of purce benzol content™
and water content. By diminishing the benzol content uﬂd
~drying the fuel the required stablllty to cold can be
,_antalnew. lixtures with dlecohol znd other mdtcr~soluble
components. must be made ‘anti-freezing by the selection of
sultable blend 1n? proportions, by dehydration and the use - -
of stabilisers., ‘Additions, such as are used with lubrlcatlng
oils to lower thelr pour 001nt, are useless herc..- :

‘(b) Chemical. 3rooertﬁes. .

. !n the vo—knoc% range . the ultlnaoe performance is maten.ally
300ntrolled by the intake temperature which in turn depends

“on the heat of vapourisation. .MOWGVer, ‘this value is so.

“nearly the seme for different hyorocarbons, ‘that it does not
‘play a great pa““; Alcohols have. a hl”hﬁr heat of vapourlgaclow
50 that thoy give a verformance 4-5% hlgﬂcr thaﬂ nhat of

TR



hydrocarbons.:e,_

£ When the perfonmance 1s 1imited by the commencement of
knocklng Lhis. Ztendency, which is detemmined by the’ chemical.
~structure of the fuel, is its most important characterlstic,
“all the more so as almost all engines aiwm at the ‘highest-.
. performance. . - Table 1 reviews the properties of typiecal
~examples of. high ‘anti-knock fuels. It must be remarked: in
“this comnection, that & the present time although anti.knock .
values arc still estimated in part by the Octane number, '
frequently other methods are: ‘used, ‘e, g..the richﬁmlxture test;
]introduced Ainto Germany by the' DVL. - For this. test the RBM =
nrov;ded the BMW 132 one-cylinder engine. S e

vage 3.



ANALY”ICAL DATA oF HIGH ANTIAKNOGK FUELS o
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o from these, natural ‘products of the desir
3qpropertles can- be separated by smmple condensatlon andvfr c—
“tlonation ‘or new material;built upry lee . trans. :
"The - great: difference ‘hetween' these two procedures is that simple
“methods 'yield only products whose. quanbity*and quality depend £
“‘on'the’ nature of the crude. . - When- the natural qualitles are:
- insufficient, as in crudes from: ‘Iraq, Iran, Grosny and .o
.-Pennsylvania such crude oils are. useless: for aviation v1t 10Ut
-~ plant for the necessary - reforming. - Simple separation, methods
are. inanfiCIEnt ‘to satisfy the great demand - for aviation :
ﬁ;fuels. In .addition the quality ‘of Tuels so. obtdircdwisvusuall_,‘
,}far ftnat of rcfbrmed or. synt wtle. fuels.' ]

S L By separat101i(1_on .}5ui°oJcriuation - polymc ;sation,jy
- ‘and condens saflon gug oun e turned into suitable iSOOurullihs- _,;
-~ Crude oil “CaLL yield usable products by simple: distillatlon Lol
~eatalytic crecking - (1sonar¢frins) or thérmal eracking: (arowablns),-
~um01cover, motor. ‘spirit-is formed, Lfgnltc and anthracite cax yield
- benzine ezther by the FischeruTrowsch ‘o7 by :the '¥:G, methods. - " i
“Vhile the Fomer: gives benzine‘wlth ‘pronounced- knocmlng tondencies,
-~hydroganation of 1lignite. or steam coal according to thg second“é’,;v
;;procedure gives av;ation snlrlt Strui"ﬂb away.? :

. To nvoﬂucc fue~s_of hﬂﬂh ' t' 1*noe.;:: ratlr? ull unuatlv~-;;w
1¢factorv properties must be modifled by catalytic aromatisatlon,
adenyarogenatlon and-isomerisation and in certain. cases; also
-extraction.  Details of. these processes: cannot be given here, ;
~but it may be indiecated that iSoparaffins are’ nrepared mainly “kfx
“ Prom gases. and: aromatics from: benzines. ~ ALl these ‘processes .
_render: necesqary extensive and: ‘specialised plant. “Among. fuels
- from other sources, . suitable for use in blending may be ireluded
;amotor Splrlt.-g“.w S il :

: Benzmne alStllled from’ ngnlue & Ix ssndle 15 smul7 1n /;~f¢
}quantluj and because of ‘high" ‘sulphur content and a ‘high. degreen
of unsaturation needs.cxtensive: treatmont, . alcohol may be -

-4 e*1ved~§rom potatoes. ete.,:or from coal, but is of 1iktle .
'1mnortan Isopropyl-either is prcparod from gas (natur¢1 or1
cracked ‘or, 1nsircct1v from - coal, ‘but also: plays no part._ All»
avia tLCP fuels connaln Lotraethyl lead: in guantities varying
Ibct\een O 07 and 0.12%: by volume and in certain: clrcumﬁtances

um to 0, ,18% by volumen. Isoparaffing and aromaties at ‘present

-are the extrenes of 39n31t1v1ty to rich mixture and: ﬁemnerature
‘conditions in high erformancb fuels., Dagran 2 shows. Ehat the =7
'a?OnglQ 05 (German is mLﬁGTlOP fo thc 1ﬁonafaff1n1c b, (forelgnJ




A bl.OS nould more.neqﬁly annroach.or ever
sgzpure 1so-octane, “the troic
- Limiting perfoymance

ésentatlve7{
wa’ ys by”tneﬂ‘
£re

ing g raf
“improved. w1thout blending excent byia.c ] L
‘as; alreaﬁ”dlscussed. ‘FAther suitible frazctions gan be'taken
;(dlagram«p ior an: apnroprlate procedure used to turn th :
quel 1nto one of an

vsoparafflnic or. aromatic nature

L Agaln, in adaitvon.to thls, 1ncre¢se 1n lead_ ntent
jand blendn,no withia higher knock~rat1ng ‘fuel can be used: to‘
‘reach the desired -quality. . .There are limits to -both. these
;n0951b111t1es.a Eyamples of: thc actlon of lead and of blen'
,}ino with hlgher performance‘ els are glven 1n,dlagrams 4

: mf~ Consumntlon as, when knodk ratings are equal,aa functlon’ :
[of ‘the ‘calorific value which' ln -burn depends on.chemical = = "
- structure (hydrogen: content) " The only way. to increase the -
- kg. calorific value is’a’ change over to the use. of gas' (methane,ﬁ
“hydrogen) but this entalls a grave fire-risk. Since the '
“injection pumps work by volume and not by weight, and’ there :
1is-1ittle. available room in a ‘Tplane, tho cal.. value/lltre also"
~plays an lmporcant nart. Aromatlcs ‘have the most favourable i o
;%12re gﬁl. value, .s. toluol 8450 IE/l agalnst 1=o-ocbane

<7260 VE/L, . o -

D As resaras stgbllzt" in storage (etdblllty towaras ox1aatlon)
ﬂ.nure fuels. behave: qu1te dlfferentlj according to their content of
jfsmall ‘quantities’ of substances ‘Ffavouring oxldatlon or 1nh1b1t1ng 4
it. 0f the: pure. hjﬂrocaroons ‘only. olefins, ‘especially: dl-oleflns

Care- unstable.<, Corresnondlnoly, ‘the saturated and carefully reflned‘

_aviation solrlts ‘of -natural or synthetic origin, are stuble :with

“or without: lead ‘Aromatic fuels, like motor benzol and synfhetlc ﬁg”

" benzine show, un to the present,: greater tendencies’ towards 2
_storage- changes.. ‘Future: develovments will: probuebly brlng 1mnrove-a
~;ments here, Two. typlcal exgmples of the- !agcing’ of ‘& paraffinic
and an aromatic benzine are given in- table 2. It is secr that the
-aromatic, leaded’ benzine shows a high increase in gum ‘content .
-and lead’ deCOmOOSLbiOH although stable vhen, unleaded rh11n fhr
oaraff1n¢c benzmne remalns stable even mhen 1eadea.g-. A

Page 6.



‘Bynthetic.
Aromatl (s

. "-’araff:.nic
(Natural -
; Benz:r.ne)

) A8 expem- s
sun.tabl ;,additivgs bind the 1 lead :;;
ingo ‘complexes and greatly reduce: the general -
- -Examples of such are. aeidsy” amines, phenols and

~other: comolex—formz.ng substances.\ - Thy
_:\"lt}} dlfferent Tuels. 'Eve

‘ments by the DVL ‘have shown
: comnounéi ‘

Th ~ ,,of incompatible dditives can produce a
Puel . worse ‘than every indiv:.dual component. Table 3 shorrs :
~results obtained by the wse of suitable inhibitors’ (DVL

" experiments). A more exact know]gige of ‘the course of the
. -reaction}, .ould be Vez'y valuabl P

Pege 7.



3uw;ﬁen:gvﬁ;OQGLWt-%’
_3ﬁ?fz;rq.;1§0ngnhibitor 3

" lo.002 Vo1, %
,,denhlbltor

- Deposit formation acts first to cause piston ring sticklng

Cand contamlnatzon ‘of the" lubrlcatlng oil with carbon and aSphaltlc
‘commounds, - Disturbance of the oil: circulation and: further 3
- ring sticxlng may: result, More. thbrough reflning can. decreaseh, .
“deposit formation by the removal ‘of certain harmful ccnstltuents.,
~Other: methoas are not so far available in: production. Aromaties
show a- D’:c’faa‘aer tendency to deposit formatlon than 1sonaraff1ns.-;

Cgrw051on of tne vahes is’ caused by too higa a”"_vm i
temnerature and - exeess 1ead content.;‘rqw‘ i

The use of higb knock ratlng.fuels w1th 1cssleadaM well
as 11m1tdtion of ‘aromatic contents. are the remedies. More
data.on.the demands made by tuels on the hedt~re31st1vjty of
the engine mauerlals used gwe require AR i

(c) .thsacal Chemical Pronerties. X

i Fire»risk is d¢m1nlshed bJ increa51ng thom:lash p01nt :
(hlgher ‘beiling point)  and the vse of compounds with llttle

- tendency: to- self-zgnxtlon as well as narrow limits. of BN
inrlammabllity.' In current practice the dﬂfference

between 1ndividua1 fuels 1s small, however the self-ignltien
.

Page 8



ressure, carburettor jet pressure and
regulated so as not o' exceed Vapour -

The same holds for the temperature; in = . -
ices the fuel must be pre-cooled. Kinks in- '
ir-pockets, must be avolded. Alr-separators.,

‘pressurce (sic.)
‘certain circums
~tubing, leading
-should be used.

' lub.0il Contamimation must be prevented by using the .
weakest mixture possible, by avoiding or limiting starting. from

the cold and keeping the oil' temperature as high as: possible,
‘Better !'sealing! of the pisten rings can help, when the
‘Piston lubrication is not impaired thereby.
. Insufficlent Stabllity to cold results vhen remeinming
‘gbove the critical temperature; a correct filter-conset ruction -
{prevention of - stoppage by water and snow) is also helpful. . =
(v)

. Wtha

, low knock-rating fuel: the. performance of a bebtter =
-fuel can- only be reached in rare cases. - Enriching the ... .. = i
mixture or retarding ignition are the corresponding measures to -
“be taken, With engines having an adjustable injection pump -
this is difficult enough. It is practically impossible where it
~is set for a certain fuel. .In this ease a dual ‘fuel system is ¢
2 possibility (aniline alcohol, 80% alchol, 0.12% lead). Tt
- renders practical the use of wmsultable fuels, but can. be
dispensed with vhen other fuels are available” =~ .~

... Much can be attained by the use of other methods, e.g. the .-
-divided injection of F.A.F. Schmidt or.the R = process of I.G..
(Penzig). Thether differences in fuel are unimportant here is
mot yet-cerbain. - - s o e e T

. Consumotion is substantially a function of the cal. value,
“but: can be redvced by considerate use.  Vith a better. knock-rating,
for example the compression can be increased or the mixture
WeaKenate: T T T e e R R




ally reduced b;
ta higher or lover

~using e weak'mixt
:gtemnerature‘gives

che cylinder tenperaturf low an also vy eEher runm.no as.
14 ttle as possible at: full: load, or using & rich.mixture.,
- From the ‘constructional’ vzévpoint, ‘good- wvelve cooling,--;
;especlally -good heat transference along. the valve—stem

‘«is necessaryVl Ry

i Fire riskiis ,”voided by excluding'the formation of
’exposive mixtures {(Wwateh pressure. and temperature . ra»“ ,
in the tenk!) and preventing: leakage losses. Other pre- .
‘cautions are, use of inert gases for. de—aeratlng, exclusion’
‘of ignition danger from electric leads and: exhaust—pipe, the
use of protected and. detachable tanKSuaS'well as quick
facting safety valves.\u-d e '

" ”".;Imczssm:ns OF SUPPLY & THDIR nmmmca on
v ‘nm& FUEL_ msmacn.__, g =

S already mentioned the demands of militarym hd, civil
jLaV1ation are materially;szm1lar, ‘bt there are. ‘additional -
“Pactors showing & great: dlvergence.: This is best seen when
Lthe two are nut 31de by 31de-'x~=~

‘page 10.




unimportant - (25 1 s
availablllty not-affected) |

suitable:fuels.
pl 1n case :

~,Un1versally
“ Bpecial fuels-
of necessity.

uitablé for aﬁ&'cllmate.‘}

civil aviation is more- elastic in its_demands and adapts
itself more to given circumstances, On the: contrary military .
aviatlon.makes Aimperative demands. ‘with which supply must: fall
‘in. . Its demands.are . not always reconcilable . Ayallability,‘
umiformlty and usefulness under all working conditlons as-. .
~well as uniformity and the: best performance with all types of

. -aeroplane can only be: vnited in special. circumstances,: for
‘'the ‘emphasis on performance means that: ‘for the whole range: of
mllitary aviatlon fuels: with the- highest eals’ value and knock
rating must be dellvered, i e'*isoparaffinlc fuels. e

(b) Aya11abilitx of Fugls

Import frqh abroad may be possible as well as the use{”,;
captured fuel. This'is. not risky with 87 Octane No. fuels,~»
but high perfbrmance fuels are another matter. -

With a suffleient numb « of production centres, the fu o
most easily prepared may. 11 be used, even when very dlfferent
frow that of other countries._»» S - ST

“~ \De-centralisation of plants 1s advantageous as. regardsfvf
transport. Imported fuels should be usable with as little
alteration as. possible. If very different from home-made:.
fuels this may ‘be: difficult or. imnossible., The same holcs




: \ o /
fknov' the pemisstble skraying o
ptured fuel“s-‘ in '~-re1at:lon'_ to

X Y.Franco e.nd Englerd ‘have each ‘one i‘uel of.;-th Octane:
.87 Ciass (85 & 87.0.No. respectively). ~England has also on
~for' 100:0.No. fuel. In the U.S.A.: there wyere 6""somewhat

iaifferent ‘foels in ‘the Army & Navy Ay forces.._ £ p i
“in Russia is. especially’ interesting.  The 1940 supply
.specifications call for 6 different: octane numbers. and’ ooiling-f--~
‘ranges, varying ‘according to. oﬁ.gin.- Thus & country wel
'supolied by: nature remains b_oumii.. to the natural qualities
,the crude o*l, perhaps becaus 0 "lack of industrial'prepar‘_ i

e In Gemany there are onl % :

formity has been very largely realised.  The knock boundar:,r %
~curve. of various high performance i‘uels is ‘shown in: diagran -
.2, ‘ag measured by the DVL.in the ‘BMV! 132 single cylinder engine. g
- As.development and supoly rest on this test its: dependab:lla.ty
~.and. general applicability nust frequently be checked. . This ;
‘“test is not simple, ‘but ‘exact control gives very. usable values, ;
as. diagram 7 :shows. - In: conside?'ing ‘the straying of results,
. one must. remember that multi-cylinder engines even of . the
’same type would show still more straying if cares ully super-
wised :single: cylinder engines do not give identical: results.
V’orking data on full-size engines is urgently needed. = For if

on one hand the variation' 'in fuels is’ ‘greatly cut dowh A
perhaos even s-standard fuel zimed at, it must be known on i
_the other hand how engines of the same construction vary. But
f tho te ] shouId be. ap:)liev ‘to all aviation engines not to”_sjust: »one‘

: That th:.s really obvious need has not longz since been
-ai'attended to,; is explained by the difficuliies of 1nvest1gation
~using a full size engine.. With single cylinder. engines of -
‘differing makes the DV1 obtained rather: unsatisfactory results
. with four typlcal 87 Oct. No. fuels" (dlagrams Ba & b). i ‘l‘he
order of ‘evaluation given by the different engines is. Very
‘different. ' The fuels were of very different compositions _
-~ ‘vhat-the- d::.fferences ‘are: considered from the argle of c‘b.ffer— i
“‘ences occurring in: nra.ct:.ce, and how 100 Octane No. - i‘uels e
.;,behave is at nresent 'being invest:.gated by the DVeLs o

age 12



fthe test: conditions mus
“When ' investigation shows
~then it must;be modified

s GRYL avlatlon of the fu regw; uy. eap ] -
jfuel ‘available: unless a State Control is: imposed. The checpest
'energy 1s‘that ‘stored in coal and crude: oil, supplies of whith -
seat’ that so- far 1ittle thovght has cen given to' . =
obher sources., “A11%'the. same,estimates ‘have been made accordlﬂg
to which: 1ncreased aleohol preduction. from vegetable products
nay be reckoned to bring the. price down to 8-9 PL./Kg. - SOtthat
alcohol from this 'source: could. play350me part’as a motor
fuels  For-use as-an aviation- fuel the ‘extensive chemlcalm.
‘treatment necessary would" make it dearer than mineral oil " . *
‘products; perhaps. eVeP dearer than: syntheth ‘fuels from coal.’
‘Fuels. from coal are dearer. than those from: n3.n.er=.l 011 becuuse
oF costlier: nrocessing. Hbuever, ‘this difference =
in cost must be reduced as far as ‘possible. ;. When the costs :
;productlon of aromatics and 1so~paraff1ns from ¢oal are com=
~pared, the; advantage lies with the aromatics.', More exact‘ f
fdata fow tﬁe production’ costs of the" vnrious/processes will .
gprobably only be avallabTe in the fuﬁure.‘ With the snreadlng _
“of- alr: bT&ﬂSUOTh, unlformlty plays/a more lmPOdeﬂb s S
J,role eVen 1n civi1 aviation.,v e . e

cmreg@sxoz\

55},3;(a) NDCESSLEV of Plannlnﬂ Control.;

L Wonm 1n tno fleld of Otto fuels nas shonn”chac fuel o
:nroductlon ‘and use are closely,inter relauea, ‘so ‘that alteratwoﬂw_
inone necesqltate corresnondlng 2lterations in. thb okhe ST
Since botb fields are very 1arge and- thus have a.great 1nner
‘inertia, every change- rounﬁ is difficult.. ‘To avoid this,

- changes must be planned’ far ahead and this: ‘applies gererally, -
*not 011y to Otto—Fuels._ The follou1ng p01nts are‘ wnortant°—¢

'ﬁ‘i;fﬂ,¢Sen51tlv1ty of the mdnuPacturlﬂo process and the
oo plant. to changes’ in fvel vronertles..;:'. -@-'“*
~ii. . Determination of the sources 01 suon y mn.ch are
. tobe considered. : =
,iii;I,A,Deﬁlelon as - to uhenher a staudard fuel, several

~ standard fuels or fuels of di&ferent propertles ‘
“warn co be used ‘ A T S s

(b) Fuel #roductlon. i
= S Droauc’uon erends =swec;ully on the eaolne oerformance
jof bbc fuel.~ Mclnxenancc of the mmnlmum pevmlss¢b39 auallty

"?;@age,z§;\'



ably be suitable for given:iue.
the. possibllity using: varying fuel
arlatlon 1n full e engines: of the:

; rbines
(standar :fuels) but
should: be: examlned.

jnosszblllty of @'duel fuel: system should*be.go
Ycertaln 01rcumstances. “Engines: running: o 'pure‘aromatlc
be fuels should be aimed:at. -

. '-‘1J;of.ox1dat_on~stab1 ity ‘should Nnye
*gated s0. tnat a’ sc1ent1¢1c basis For ‘the’ prenaratlon of: stable
~fuels can be: establlshed. Knoéklng behav1our should be. the~ 5
iobjeCu of further résearch’ in.the laboratory (delayed ignit 7,
‘Teasure renus) 'so  that light may" ‘pe thrown on the: ohyswcal,“ ,
_charactpristlcs of.the ‘engine from consbructlonal asiwell as’ o
‘operationsl- nolnts~o ‘view.  Heat. ‘transference and its’ dcpcndence
‘on.valve overlap. . C(VentllLoerochnpldunc‘ uunev-chargwng,
cinlet air Lempevature, volumetrlc eff1c19ncy and significance
~of resxdual gdses should: be: examined.: Agreement'of daborzbory -
» Qnd engine- characteri stics of fueTS qs de51rdb1e..HIn this -
_-connection: the. goperal valldlt" of the ‘rich mixbure. test mustube
“further examined and_sn. atbempt: ‘made to improve. ite Tne o
nern1551ble varlatlon in fuels must ‘be- flcmlv 1a1d aohn.. ruel
~deposits in- the engine ‘must oc_furthev 1nves Lgated in: ovder: to
“rediee” them in quantity. The action of ‘different Tuels. on tne
materlals o .construcglo,_ls alSO a mauter for. research






