,BIOS No, Q.ss O
1,6, (Oppau) Report No 431
15, 11.40. =

o REPORT*‘OE TESTS WITH RFUBLS
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: Swmnary Tho r fuels wh.’.c,h have been used up %o the present consisted of

2, Calomflc Vo.lue\
3, Viscosity - ‘. :
4y Melbing: Po:Lnt
.5, Boiling. Point . S
6, Vapour ‘Pressure Eo el
.7, Sensitivity. to wu.ter RS
8-. Corrosion.‘ .

'_o)’ ' Eng:.ne proper'b:.es
1, Cetone number . - . - ‘
-2, Behaviour at. vurious, temperatures of :mtake air and
B ~‘coolant, : e
: -,_5 Behav:.our ot varlous compression ratios v
Behnvn.our e.'b var:.ous powers :
5 Rexmrks on’ sto.rtlng.. e

i

"7"_’Ta"b es 1 o.nd 2

9 P»c.'l',es° <

, m:v.Eure of ROH oil with nitrotes and peroxldes _The R.fuel R,110, which was.

used extensively in tests by the sero-engine: mdustry, contained & percxides

”Wh:Lch. ‘compared viilh othor substances of the.sdme type, ‘had the advnn'bo.ge
- of ‘stability, But since R,110-atbtacked metals, this mixture wns only ©

regarded as & stop-gap, and the developmen'b was - pronoted. of homogeneous

. substences with » high degree of ignitability, A suitable substence was o
found, snd given the designation R SOO o.nd has o.lready been supplled to

‘the englne mdustry in quo.nt:.ty.

In 'bhis reporb the physical proper’b:.es of the new . R fuel are
deseribed, It 1s a fluid which is not dangerously inflannnable, and which
can be used’ with the usunl injection emipment it does not nttack\me‘bals.
Porv-imal and cerbain Buna mixtures con. be used for tv'hing oand po.clcing. T

. Tee’cs o engme showed that the new R fuel is less sensitive to
cho.nges in compression ratio and témperature than the fuel previously in:

" use, - The- .general conclusion, based ‘on these tests, was WMS necesso.ry
.40 control the coolant and nir temperatures. TMests at various excess oir

fuel 1equ1red are .Less ‘Wl“‘ the ‘new fuel thun wrbh former fuels.

ratios showed that tho gwer and _consumption of the engine are 1ndependen‘h

of the typs of R fuel, The 1nJec'b10n advange ‘arglo and the volumé of R

‘ The now R fuel is o.lso en- mprovement in 'bhe ‘sense that the engine ,
can be started without pre-hea'bmg. At low 'bemperatures the intake air must

‘be. pre-heated , and it :n.s suggested that on 1nterna1 combustion' engine 'be '
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R ' R AT Ty nitrates or_}-
: . In,_he_ﬂirst tests: w1th ‘the ‘R'proooss mxtures of Diesel oil with/
ni’crltes were partly used (Report 394), Simulto.neously, o fuel R-110. was *
-devejoped ;- of whick 1800 li'cres in 0ll 'were delivered to the motor industry, v
_which bkad entev'ed “'he field os. 'bhe rasult of 't:‘he 'loc+v1re on the 2nd February,
1940 IR e e e e e : .

: Th1s ’ue.\, R. uO, oonsa.sted of RCH with 107 of a pernxide A The o
‘11tero.ture on the subject -hnd mide it- Imown thet Acetone peroxide c.mong '
‘others., hod boen suggested for: the mprovement of Diesel 03l %), This - =
peroxide hos. prectically the samo offect as umyl nitrate, ‘but hos the dis=--
advantoge that only 3-47 of it is soluble in the. pamffimcRCH Diesel oil,’
It crystallizes out 2% lower tempom’crurqs, so that ‘dangerous. aoomnulo.tions
can occur. Also, this per.ox:.de only hns o life of o. few days. T ey

' ﬁ Another peroxme ‘was: found which }ns the great odvnn'buge of being
solublo up to ¢ny qu..n‘bity in- hydro-car'bons. ‘This. substance, a fluid with
o density of. 1,07 cnd a calorific value .of 6000 k, cul/kg, wos given the
cole nome Dibuting- Whereas pure Dibutin is.an e xplosive with an effect 1ike
that of gun powder, o solution of 507 in RCH cil may be oons:.dered hamless. :
Dibutin is not suitabtle for mproving Diesel oils, es, ‘1ike 21l peroxides, -
‘it reacts.with the~ unseturated components of “the Diesel fuel, .The- Iife oi‘ R
Dibut:m 13 unhm.tec, ond its: offoot even increnses gradua.lly. ‘1 S

Thc R fuel R-llo wh:.ch containod 10/ nf D:.butm, wo.s only in'ten&ed
as & s‘bop-gap, for the satbing point wes unsel ioiocbory, and soO wWas thc ’
,behavzour with regard +to metais, For instance, iron cnd copper were S
--geversly ,.ttﬂ cked, c.nd oxten31ve tosts m.th vnr:.ous mh:.brbors provided no
'remody,. iR : SRR b ‘ : .

- ‘The plo.n for 1noroo.smg the igni’oability Bf the h:lgh gmde RCH L
“0il by means of additives was abandoned, and o search wns mede for pure
" substances with o “high degree of ignltabllity After investigating e lorgo
“‘number of such substances the fuel R 300 was sclected, having regard to.

, poss:fbilrbles of produc"lon. The next tosk ms to compate this fuel wi'bh

"R 110, 70 : : : B

B) Physioo.l c.nd Chemco.l Proport:.es o = _ o

Tablo 1 shows thnt the now su'bs*bo.nce is'a fo.:.rly heavy ﬂuid wi'bh
8 high boiling po:mt ‘ Tho following fao'bs should be nobed'- R

'1.' Density: Tho dons1ty of ‘the new substo.noe is u'b the upper limit cuetm!'y
"~ Tor fuels. (diagmm showing donsit:.es)

v

\2. Co.lonfic vo.luo. calcrifio vulws of the new. substanoe is oompamtively low,
' .l,as the Tollowing comparison showsse . L
(diagmm showing calorific values)

' The most :.mportant oalorif:c value oi‘ the new ﬁxel that frelative %o the
“volume, is about 20% below that of the previous R fuel ‘But es engine

t\e.;ts Show, this is of mo- importance,

l
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u‘» V:necosity R 300 - like 110 -18 mo*e ‘viscouvs than, gesoline and i'b can
EHus _Ee_used without difficulty in the usual mgect:.on'dev:.ces, - :
: (diagmm showing v:Lscos:Ltles) :

It is pcssible to ad-ust the v1scosrl:y o any requlred value by
means of: addztl.,eo, “Plate ‘L.shows thut with ’ch:.ckemng ‘there is ‘also o S
'f1FL+emng of tho v1scr3u"y curve, so that a’c Iow temperature the behnv:.eur
is hordiy: nffe ":,eu, cAccording: to tests made so far), thickemng has no ei‘fec'b
en the vetano ey anﬂ 'b’m oecava'm' the engme. -

/

4, Meltlng, pon-“ﬂ .u.e prev:mua mol R 110 has a set'bing poin'b of -13°C
. Which s smasnoteristic of.the, po.mxfmic RCH o0il,. The mew R fuel ™"
represenus e cnulderab"e o.dvam..e on: *bnis. The melting pomt of R 300 is

’ 5.$ Bo:xlmg gbmﬁ, he pure substance R 500 has .’ boiling pomt whose rela'b:.ve
“posi on can be seen 1n the i’ollcw:.ng compar:.son- ; : ‘

P Gasoline -11,-' S 40-150°c
R-110 e zoo-soo°c , S

Here “the b0111ng range of R 110 ~an be taken as representative of 'l:he
bo:.lmg ro.nge 01 DlOSOl o.Lle. e

’6 Vo,pour pressuro. 'l'he vapour pressure of R .)OO is very 1ow, correspondmg_}

To the boiling temperai:ure ot 100°C it 48°5t111 below 1/10 at, Comporison
“is difficult; for thoe vapour pressures. of mixtures, such as Diesel oils,

‘. could only Le determined by conventlonal methodb (nald) Plate 2 showe e
'hhe vapour pres..,ure » :

Te Sens:L’clv:Lty +£0 Wo.ter. The now ‘R fucl c.bsorbs small quan'tntles of wa'ber,
TEs solubility is o very complicated: quest:.on, and o simple presentatien g
is impossible, The woter content has- surpr:.s.l.ngly little influence on the
cetane number, Thus, in cne case up to 4% of water was added without. the--

: ce‘be.ne number. bemg reduced, - But w1thout doubt the other properbies of- 'bhe
r-nmus ard qni‘a'o '\urub.:. T 'nilurnced '

)».

8, Corrosion,. The:e we.s cons:.dorable corroslon of copper and iron vn.‘bh R 110,
On tho other hard; R 300 hardly corrodes at ell at room temperature.t Iron '
" and e..Lmnlnum; wers not corroded &t 100°C, . Zinec end copper are slightly
- eorroded at 150°C, but this can be 1nh1b1ted ‘by meens of. addxt:.ves. The "
tosts will be .continued as soon es samples are available of the f:.ml
quantzty produc‘-lon substance, T . S . -

* R,300 dlffers essentially from- ﬂle eusebomary‘—fuels as-regards 1ts
tendency to dissolve organioc substances,_ Thus, the binding mterial of the
DBU hoses which esre of fabric end are in general use-in uero-engines, Y -
- dissolved, ' The ordinary oil resistent Bune is dissolved in the same way, On
. the other hand, Perduren 215 is stable, Since it is difficult to produce hose
of. this mterial, othor rubber mixtures were successfully mvestlga'bed. - But
‘there is alrendy ¢ satlsfactory solution’ of -the problem in- the hose constnzc‘l:ed
of Povimnl 'k). These hoses. require pro‘bectlon abainst ‘domp,-

P R - L » s —m
- . o
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@) Eagine p
1, Getene mmboxs - The custamry measuremen
Ty tho camparative substances ¢ - Methyl - maphthalono
" which the walues O'and 100 have been'given, "1t is--only possil
_evniuste substancos ¥hich are more ignitable than cetane by mear _
pew Tmel,  Thercfore ths cetane number. of. pure dibutin wes determined in -
‘biends with.¢iffersnt fuels and was found-to be about 600,. . A reference - -

- Behaviour at different: tempersturesiof the jninke air and coolant: It is -
- of genere

‘shows thet the ‘oylinder wall tompersture has o cansiderable influence,

‘exhaust gas, A -coarse control is sufficient here to keep the temperature.
-'al?'we a certein mn:.mm. s e e T e e S

roperties

, , _ nd with this
extended renge.cf. mescurement a ve lue of. 190 was found. 00, 7As was’.’

mixture of cetang snd:d ibutin'we's ‘thus given the value 24

- showm elsewhers, tne ~pressure rise . of -Diesel’ fuol'éj.,.-i',s,,,ii‘-h&?ri.ﬁ-the -ufx'i'ghexff_ :
" their ignitobility,” The rew R fuel is no‘exception

_, ‘to this rule, although
it seems thet tho pressure rise of R 300 is somewhnt steoper then that

“of R'110, -But this.phenomenon is -unimportant,. because the combustion of

< gesoline fuel occurs suddonly once. ignition has token place, . . -
Tt must not be concluded on tho bosls.of the cotano pumber thot the .
_injection advance angle with the R process ‘will correspond, . Evidestly

thé combusticn of the gasoline mixture only begins when ‘the reaction of —

the R fuel has produced a. certain _temporature, . Asrcombustion-is more . -
sluggish the more ignitable the fuel, so the moximum point of the reaction
will be: longor: deleyod.ofter the begimning. of cambustion, the higher the -
cetane mimber, This oxpleirns why the injeotion ‘advance angle is nok .
reduced in & ccrresponding ‘degrec:to:the rise. in cotane number, This eon

be observed when the englire ig-jdling es.a ‘pure Diesel engine,. for then
" ghe injoetion advance tugleo is determined, not by the beginning of cam=~
. bustiony dub Ly the monend of grootost heat dovelopment, - . - A G

significance in: the R process %o investigate the effect of
verious temperaturss of the intake air and coolant, &s in this woy the

zemsitivity to different heat conditions .of the engine is shown, ~It:was

‘fourd that the new R fuel is less sensitive than'R 110, which was tged .
previously, - o uE T o S e e e p e

" For 'bﬁesafeSté:’.'d"’single‘cylihder-'(\D"B 6001) DB 601 type engine was used’
~on on I,G, %est unit, The fuel volume wos set ot 9.4'hg/hour,'.to,give,u.

mesn effective pressure of about 9 kg/em?, The R fuel volume Was fixed ot

200 'nzn3/sti'o.’:é,. ‘end the injection advence angle wes set at the optimum =
volue for ecch case, - If the oir tempercture was now changed (plote 3) . -

_then loses in-power first ‘occurred below 60°C, The exhaust gas temper- .
aturos show thot combustion is incomplete, although injection was - v

 pdvenced, - With R 110 however, it was impossible to work below 30°C g e
whereas R 300 could 'still be used at room temperature, - o

A similar curve shows tha % tho nomb.l'v‘gas‘oiine. engine. depends. very little

;~.ox'51. '_in\'l\nke. oir temperaturo, vorying in this respect as the density of the
air, . R A R _ : -

The -tosts were repeated (plate 4) ond besides tho temperaturs.of the
inteke aiw, that of the cooicnt was also-lowered, ~Under these conditions.

the folling off in power begins .ot 70°C, and .R 110 fails at 40°C, Lower

temperatures are possibla with R 300, -~ This second series of tests thus

:"*o ?ro‘blaﬁbf control consists, therefore, in koeping the cylimder wnll
serperature ab.a suitable value by catrolling the volume -of codlent,

Also the temporaturo of the inteke air must be regulated by pre-hoating with

S

%) For tost conditions see table 2  #&%) Roport of Dipl,Ing,Khler No,414



3, Bohaviour of different comprossion ratios:. o to the prosent, the B .

- Process o5 olweys operatod ot o compression ratio of 1:8, . The tests .

" ‘presented on plate 5 show thit'et higher compression ratio the injection -
‘advonce angle falls considernbly, so that tho time in which the R fuel can,
nix with the fuel 'is reduced, — Starting will also undoubtedly . be' improved,’

' the other hand; incressed peak pressures ‘and _in¢reased-demsnds-on-the

anti-knock value ‘of the fuel have also %o .be reckoned with, --In the present

cago, thore is a falling-off in mean effective prossure and en-incresso-in——
exhaust gas tempersturo ot high compression ratioss  the reason:is that ot ..
high compression ratios end small ignition delays the Jet is. impoded by the ' =
piston et least at the end of the injection processs " = .. .- s R

‘As %he ‘compression ratio falls, hore is a £all in mean offective pressure,

“as can be seen from tho accompanying curve for tho gasoline engine, On. .. .

" the other hond, in the R process the mean effoctive pressure falls more = - - L

" steeply, &5 combustion becomos incomplote, The 4njection ndvonce engle must
" first be increasod; and ot very low compression ratios the optimum volue is ey
“ ronched at somewhat smallor angles, = This is ovidently: connected with the
 fact that ot low compréssion ratio, 4njoction must occur nmear-todesdi .
highost compression temperature, if ignition

“centre, that is™to say, near dhe.
Cdstooccur atall, oo
-The superiority of R 300.can be seen: in this series of tests from the fact -
- that ignition is pOSSiblo,atTVOry low compression "ro‘.‘t:".o's.‘ O R O

. In plate 6 the gasoline and R processes are.campared in more deteil, In ;.. -
“the R process the excess nir ratio was about 40%, " In order to get the’ =
‘same pawer in the gasoline procoss ot o compression of 1:8, ‘N.wns set ot
1,0, and the engine wns throttled, Consumption is better in the R process,
provided that at high ccompressién ratios the ignition jet is not impeded or

thot ot low comrression retios ignition is relisble while the ‘last series

of tosts was only mede ot 80% lond, the results shown in plate 7 were .
achioved ot moximum power, ' In both processes the ‘excess air retiowes .- -
below 1,0, Consequently, apart from the' results at very low compression
rotios, tho consumption curves also’coincide, In the latter case power ' . -
fell sharply, as the rich mixture no longer ignites, and comsequently the -
optimum power could ‘only be reached ot a greater excess nir ratio, At high -
compression . ratios it was possible to achieve o power which, surprisingly = -
enough, was gronter. thon thot when operating on spark ignition, . It is
possible that with rich .mixtures the completo development of the ignition. = .
jet is not so important as at very weak mixtures,. Thorefors it is possible
to obtain good. powor even though the jot is impeded by the piston, At the -
high compression ratios the knock limit wns the decisive fastor in setting
tho ignition advance, Therefore the higher powe “in the R process is to~ ‘
be interpretted as.a lesser inclination to knocking, -~ = . = TR
-47-Behaviour at-various powors: The R process. is- controlled by changing the
. .. Tuel fYow without throttling, = The apportiomment of the R fuel aceording
to time and volume must be ndapted to the warious conditions, It dis ~
_desirable to keep the.volume of R fuel as lowas possible, 80 thot with a
slightly larger, fixed volume, ignition will occur under any conditions,
The injection argle must elso be sm1l,since differcnt engine conditions *
will have o grenter effect, the enrlier injection ocours,. It is fairly
diffioult to fix the most suitable volume of R fuel, as the golumeo which '
_gives the most,favouratle total consumption of the engine is'not identical =
with the volume at which there is no fall in ‘power, Speciol tosts are.being -

‘made to clear up this question, ,
The series of tests described here concerned the ovaluation of the various
‘R fuels, It appecrs that power ‘and consumption aré independent of the - .
. type of R fuel.(plato.8), At smnll loads there is no noticeable effect of '
‘oalorific walue,  In regord to the ‘required volume there was o difference =
only at small loads, and R 300 had showed bost behaviour, for: the\r_equired; ‘



‘.volume hardly rose ot all, As the 1o°d decrenses the :.njec-hion odvance angle
: in"reoaes somewhnt F shfrh’clv sm«ller rnrle 1s reculred vn’ch R 300, :

’The test Wos *epeated on'a; cy...inder, ’cype Jumo 211 (plu.ue 9). .“With th:.s' i
. cyllnder, tho voiume of K- fusl. required. WES- aﬁunhy loss,:. At dow: lou.ds it

rose. to about: 20 mms/utroke. "The'. 1nJBGulO£l uclvnnr'e ang,lo 13 almost-‘che{same :
.:o.s wrbh the DB 6001 cyl:nder. e g ST LS N ’ '

'These teats make :Lt clcar tha'b o volumc of:- 20 mm?J 5n1ectea 60° before top
o d dead centre satisfies nll the necessary cond:.tions, :

wv"'

'rRemnrks on sim.ri::mg.j W:Lth R 110 ’che engme could cnly be started "i‘ the

~--intoke-oir -wos: hoonted, The new R f‘uel perm:.ts storting wﬁ.thout pre-heu-blng,

In order to incuguru*be tosts-to. find 'bhe 1owest s’ccrting temperature s it was ¢
knecessary “fo..set up o tost bed in the cold chember, It is intended to corry -
out tests with the different aids, whlch wa.ll be necessary 'bo mnke sto.rting
,posmble o.t 1ow tempero.tures. e ;,. : AT el :
I'b con be sta‘bed 'bo ‘begin Wlth 'bhs:.t startlng is carrled out purely on the
jD:Lesel engine prmciple.' It wus not poss:.ble to estabhsh thot, ’chrottl:.ng ;
‘brought cbout any improvement, Tho engine runs at first only on'R fueds,’ the -
_volums :mgected boing 30-40: mms/stroke. The moin fuel connot be supplied - .
until the cylinder wall tempero.’curos heve risen sui‘flclently. When star'bmg
CoowWorm engine R fuel and min fuel are used tcgether, since this: cons:.derp.bly
“reduces. the starting time, 'For starting at low temperotures,’ pre-heating S -
" necesscry, - Glow plugs can only be used’ effectively in pre-sombustion chumbers
end con only be considered where the engine has been equipped with such’ o
o.ux:.lmrv chambers for other purnoses, such as: L'orange pressureless injection. E

s

I‘b appeo rs tc be mere rdvrn‘bﬂ(’ecus £0 nrc-heot “the' whole of the 1nto.ke air to‘
ot .lenst +20°%, The ndditicnsl electricul power requlred is about 3 kw for
& 30 .litre engine, aond ‘there aré no fo Olllbles for this. on alrcro.f'b. But it
- appears poss:.ble to solve the problem by using as, o starter a small 1n'berno.1

' oombustlon ong:.ne whose exhnust heut can be used to pro—heat the. mtuke o.:.r. =

Inuned:.o.tely aftor: s‘burtmg, pre-heatlng; co.n be o‘rtamed from the exho.ust “heat
~of the moin engine; since as stated prev:.ouSIy 1'b is necessury to control the
air: ~l:emperc.‘tn.xre for o*l:her reasons, o _ T . ‘

: sgd,’ ‘v'vc_n Peu'z«ig o

_Appended 2 tnbles L =
o 9 plutes, 862-71



fSpecifzc Grav*tj @'2 C
,fB0111ng Po1nt 0
Setting Point 9’ :
}Vioc081ty cst -30°c
et 209
-500C

L 990 f
jDirect1onnl coefficient
- Galorific weluekiel/kg, -

- Adr reqplrement kg/kg
_Cetane nmumber . - -
‘Vﬁpour pressure @ 60°C

L kg/bm? ©80%C.

i 95°Cx5‘-'

/n

‘;Flash Pbln% oG-
“Flame Poxnt °G
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