INTRODUCTION: Desvite vesrs of reséarch on engines, 1t appears that
" only recently h-s it become possible. to solve the riddle

of knocking in the gasoline engine, physically et least, and to enswer
the question™Whether knocking is «.ronl detonution with super-sonic
speed ond corresponding super-pressuresl) Although knocking is
crudely designated as detonntion, ospecially abroad, the latest work,
ospecially that by Weinhard 2)’,‘hns4chown thot lmocking has nothing to .
do with detonntion, but is to be oxplained by spontanoous ignition.
Therefore, we hove to think of tho process of knocking es the advance
of the flame front in the combustion chomber compressing the remainder
of the mixture more ond more,. heating it until the pressures and .
temperatures nocessary for self-ignition are resched, At this instant

} the remainder of the mixture burns more or less instonteneously, with

' the result that there is o sudden (generally small) rise in pressure,
which sets the whole body of gas vibrating in sympathy,. As the specd
of sound at the combustion temperatures is in-the rogion of 1000 m/s,
and the combustion chambers generally hnve & dicmetor of cbout 10 cm,, -
the natural frequency cmourts to several 1000 Hertz, and the vibration ~
is perceptible outside as ‘s hord impact, : ' :

. Wherens-scientists are more interestod in ‘the theory of knocking -
in‘all its detnils, in practice it is more a quostion of finding o
satisfoctory end sufficiently eceurate khock-mes suring dovice; which ..~
could. replace. the aural method, still in wide use, by an objective:

- deflection of an instrument.. Above all, it is the 1limit of the

. beginning of knocking,that is, of the super-charging, ‘compression,
ote., up to which the engine can bo lorded without danger, . that is
importent, - The classice]l method of messuring lmocking- is that of
determining the octensé nimber with the ~id of o bouneing pin, ‘but 1
view' of the justifisble generel criticism (see A,von Philippovich y
G, Schlitz 4) ), it connot continue in use much longer, Poersistent .-
“attempts were made in muny-test instullatbions to use the above-
mentionsed ges oscillations for measuring knocking. As regards this,
it may be seid that, while the oscillations in genernl are the result
of knocking, they cannot be used to define spontaneous ignition, i.e.,
knocking, ' It.con be imagined thet ‘knooking.could odour without
vibrations, and it hdé.z\lfesz‘dy"beeh'pi'oved" Boerlcge, Broeze, voan Driel,

. Peletier 5).) that even with very violent krocking wibretions there . .
‘exist’ certnin fiodel points in the combustion chember hrving zerg - . .
.gmplitude,” Apert from this, the mensurement of vibrotions is diffi-
cult beccuse of the necgssity for filtering out certain’ frequencies:
‘as Stanton tznd,MncCoulQhave established, the intensity-of knoocking,
3f mensured with o microphono or similar device, varies with the .. . ~
froquency ronge selected, " In the snme way one. can detect the .onset
of “kfioeking ot various compressions or degrees of superchargs, end )
therefore not ot ony absolute fixed point, according to the sensitivity
" of the amplifior, - Schiltz '_4) ceme to.o similer conclusion, end
indicoted the possibility of interference from the other engine
nolses,  Still, this mothod is the only menns of determining the
intensity of knocking even roughly, if provision is not made for
fitting on cdditionnl indicator (seo A. W,—Sehimidt 7)),  There haove..
also been various attempts mnde to determine knooking from alterations
in the pressure dingrem, . It is already.e well-known foct that the
‘changos brought cbout by o slight degree of knqcking"gre_,jlery:,‘;smll
in the pressure~time dic~~m, and ecan only be bgerved by a practised
eoye, . ; Therefore, Dodds,.e'),‘, Illgen end Hintz 93' corried out the
“glectrical differentirtion of %the vressureidirgrem,” thus detecting o .
cortain differsnco in rumlitide’ betiween Imocving and the nbsence of -«
knocking, - Attempts by the euthor, «nd.clso by Schittz, have not

.. succeeded in mking these differences sufficiently large %o justify . ..
the replooement of the wural method, Therefore, in un earlier work




“the authors proposed L®) to-draw.d2p/at? dlegrems, that is, to perform
o’ seoond electrical differentietion, which should megnify the differ-
‘ence between knock end no Imock to r substentisl order of magnitude,

" and further to make it posgible to determine incipient knocking
objectively, thus, if the dzp/dta is plotted against boost pressure,
the . resulting curve has'a definite kink at incipient knocking,. The
"procosses disoussed so far only show a rise in the amplitude of the
¥nock intensity, whose initial value (ocorresponding to the onset of
' knooking) has to be fixed erbitwarily each time, On the other hand,

' .the kink in thé n:lzp/v:‘i'l:2 curve represents a clear prersure limit; as

the t pressure'oversteps the line of ‘demarcation, the engine
, at lower pressures combustion is knock-free,
Before proceeding 'tq’the main seotion of this work, nmamely, the

. desoription and method of using this prQocess, mention should be made of

" a very interesting proposal by Sohutz 4/ , whioh has so gimplified the
mensurement of the speed of combustion by:the Sehnauffer--method, by. .
.means -of a practicnl circuit, that it can be used. for measuring .
‘¥nocking directly, . Sohiitz also established the presence of a lkink in .
- the oompression or super-charge curye, which might prove to be tho same
o5 that which was observed in the 42p/at? method, s further deseribed

I belcw‘_. - o o B : .

Description of the D.V.L. Prossure Accelération Method
Any electrical indieator will serve as e trensmitter for & record-
ing instifument, provided it is robust enough. to withstand -shock and
strains due to_.knockiiag.'l'ﬂ). The quértz indicator is especially suit-
able for this purrose, rnd is the only one in use at D,V,L,  With any
other system tke innut of the emplifier would heve to be suitebly
modified, «= . . : ’ : : . :

Tt- is also possible in principle to differentiate the pressure
dingrom graphically, and -this method is at ‘present- preferable,. .
perticularly for determining ‘the ebsoluto mngnitude in o.‘cm./sec.' or
utm./secg The graphionl method is, however, too elaborate for -
practical use, and should therefore be. repleced by en eutomtic,

“that is, an electrical differentintion, This enn be done ns in

+ Figure 1. . The velue.to be measured, e,g. dp/dt, .is Ped into. the

- grid ‘an amplifier tube, so that ithanode current i is exmotly
.‘'proportiomnl to.dp/dt.. If n choke coil is now connsctéd to the anode

» oircuit, then-the voltoge at' its ends is L.di/dat, or proportionnl to

. dzp/dtz. This differentiation is acourate if-the resistance of the
“choke is negligible and it has & -smalloapnoity, and provided - the

. anode  current is not affected, The initicl voltage, whi¢h corresponds

", %0 a2p/dt2; is now indlcated -on the oscillogreph ‘(Cathode ray tube), i
and is-there observed or photogrophed.. ~'I4 oppeared that the deflect- -~
jons of the individual: combustion diagroms Pluctunte n great .deal, =
‘beirig octunlly more than double with lmocking, To begin with, about
-30 combustion diegrams weré - photographed at once, and the grephic mean
was calouloted, - Later, thisiwns done electrically by means of o' con-
‘denser, which is gradually oharged by the Xmocking impulses, and the

* voltage of which is 'recorded vic an’' emplifier tube by & measuring "
‘apparatus,. - When the resistancés and condensers have been equalised,
‘ghis proocass works §6 woll that.the curreit, which corresponds t9:-the

. “the degree of ¥rocking, can: be ‘recorded by & recording instrument -

- %hroughout ‘the series’ of mer surements, " Pigure 2 shows such & curve;




,

- which not only hns tho advantage of. B Jootive rooord;but-nlso

. demonstrates tho frequent - fluctuctions in the bohoviows of tho ongine
during mecsurements, The voriction of the individucl points mkes ib
cloar that the behaviour of tho engine cltered whilst the fuel wos run-~
‘ning out of the gauge-gless, s fact ensily overlooked without tho

. recordor and leading to innocurscies in the curves, , The extroordinary
sensitivity of the dap/til‘c2 measuremont led to finer adjustment of the ,
engine, and chowed that in monsuring knooking exaotly, not only must ‘the
excess air ratio be maintainod at cbout 2%, but also thut tho temper-
aturo of the mixture,: the temperature of the cylinder well, ete,, must.
boe kept constant, . ’ - .

To establish the point at which krocking begins a whole series of
.gsottings with rising boost vressure is photographed, ond tho meen values
for dzp/dt2 sre. then suporimposed on the boost-pressuro, Apert from
boost pressure, eny othqr .engino fector cun be used which, if incressed,

- will definitely stimulote khocking, e.g., compression or mecn offective
. pressure, Although it can be established theoretically that the usoe of
Super-charge as an abscissa will provide o cloarer picture, in many -
ongos it is usoful to plot agninst p.m.e, to hove some iden of the M,E.P,
abtoined in the tests, - In the curve comstructed in this way there is a'—
. kink or irregularity at tho'boginning of ¥nockine, as ccn bo seen from
" .the illustrations ot the end of the report, In the experience of
.D,V,1;, the nccuracy.of the:photogreph considerrbly influences the
accurcte. observation of the kink, o& do tlso the intorvels between the
points mocgured and the sccle of the abseissa and ordincte, = "In case
. of doubt, n repetition. of the series of- measuroments would olarify the .
. " picturo, ond it must be emphasised Hero thot the good-reproducibility of
the ‘process could be proved from the ngreement in the moasurements after
o lepse of months 10) ;. tests repestod in doubtful casos showed either |
“gn improvement in the mensurement .of & doubtful point, or & ‘chonge in
the knock behaviour of the engine, due to the fact thot one'of the ongine
frnotors had been disregarded, The beginning of knocking wns determined
with an acourncy of 120 mm, Hg, even in the most unfavoursble cnses, while.
in most of the measuremonts it wag 16 mm, Hg,, ‘whioh is & great improve- -
ment on the degree of error whon the aural method is used in heavy :
. engines, such as the C,F,R, ongine. It is an essonkinl requirement that
;7"the suporchaygo be altersd in smill stoges (30. t0.50..1mm, - Bg,?), which is
of ‘course bound up with an increase in -the time required to. complete . the
tost. . . - DR P

\
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11T . Physicel Conditioms,

1, Amplitudes of the pressure functions,. T N

T In order to apprecicte the method, it is necessary to understand the
_physical processes: going on.  To this ond, individucl pictures were made
with grent care of the p-t, dp/dt curxd_dzp/d'l:2 diegrams at-various. super=
charges in the C,F.R, engine. with'n commeroinl fnel 0287, These -

. ‘eldarly showed thet the-individunl functions very with the intensity of

. kmocking, - The swplitudés of these three functions ‘ere shown in F&gure 3
(see F, Seeber 13), . As the boost.pressure inerenses, the volues for :
p = £(%) oand dpy It show a linesr or curviform rise, . There'is no un-~
..stendiness in the course: of these charecoteristic curves, On the other
hond, the messurement of d2p/d$2 hus ' pronounced kink. - In Figure 3, :
.the values are token from the p.= t or ‘dp/dt dicgrom,.end egree well - with .. -
the e],eo_’ci-ic'ally.'di‘fferent;lq.ted"dp/dt‘ or: d2p/dt2 medsiurement.. - Wherens =
the ‘prossure ‘dingram his gentle ourves everywhere when ‘there 'is no knock~ "
_ing (Figure 4), as the knocking increnses in'intensity.thore ore inereas=
© ingly steep ourvea, .  The roversion:-of the curve at the pressure:penk -




v

aftor top dend contre becomes increasingly shorp, = Tho cu
behove 4in the same way;. from no knocking to intenss knocki
increases from 1.104' ntm./sec. to two or throe times this volue
(3.10% atm./sec.).  Tho point .of the grectest rato of alseretion in
pressurs moves from the steep climb t» the peck (Tiguro 4), As

. .telready mentioned, this increnso in ampiitude is insufficiont to

Umsn sy o knocking-exaocbly; sinve when the differcncos in knocking

ere small they ‘é.re submorged in the gonerul fluctustions of ench
gasoline engino, . The second derivative shows much greater differ-
encos, . ‘According to Figure 4, this inerenses from 6.5.106 to
55,106 atm./soc,2 (these figures ure for the negative deflection,
“the positive one actunlly increasos in thg ratio 1:20),  According
to Figure 4, the grontest deflection. of dzp/d'l:2 is nt the prossure
poak when there is no knocking end not” in the rising ourve at .
Schutz 4) svrroses, The offoctiveness of mersuring d p/d'b?- is due
.to the fret thrt the verk of the nressure—-curve-rfter-top-decd-dentre
ctn’be quontitatively estecblished by .the second derivctive, which is
closely linked mutheme.tically with the rudius of the bend, :

~ The series of tests referred to cbove wns later repeated with a :
knock-free fusl at c high engine speed, and in particular with a more
- gensitive amplifier, In Figure 5 are the instantancous values for
the réspective diagrams et the various suver-charge pressures. The
single picture p = 100 mm, Hg, wns unfortunrtely “4nken on o lerger
scale. -In the origincl diegrem, p + 300 mm, Hg,. knock vibretions,
. con be seen, on the expnsion curve of frequency 5000 herz, There are
“clearer .copies. of this diagrem availeble, - - The waves ot the zerc line
of the pictures dp/dbv-and d2p/at? + 300 are not to bo confusod with-
thHe actunl knock vibrations, since the formor are ccused by the
mechonicol grid-oseilletions ‘of the omplifier tube ‘These-dingrams..- -
show differences in-amplitude.-of-1:10-for dp/dt and . of. over 1:100. for
dzp/d'tz. Tho abscissa magnitudes atm,/sec. oxd _s.t‘m./sec.zrare
enterecd on.the right odge, the values for simple praessure (ctm, ) are
entered in the diagrams, ) N

2, - Thecreticnl -bo.sis‘ of the kink which accompanies - the ons.et of
- " - ” ] . knock,

.. W, Jost, Freihérréﬁson Miffling, W, Rohrmesnyt4), and W, J’ost‘;_ﬂ

with F, A, F, Schmiatl®lestablished mathomaticel relationships for
‘. the consumption of gas mixbures, of which only the basic formulae are
important- for present: purposes, . - . ’

© From e-few celeulrtions it is rossible %o obtein cn‘expresgion' E
for the rise of pressure brought about by the progress of combustion,
There is no need to go.into the details of the cdlculation here,

“especially cs the necessary simplification precludes close agreement
with practieal conditions, - It is enough for present purposes to
establish the relationship'p = £ (t, po, Tg), P being tho cylinder
pressure at time t, py the initinl pressure (intaké pressure) and
T, the initial temperature, . The function f, which includes ‘the incrense
~in compression caused by the, movement of the piston, and many varicble

“éngine” factors, end which is therefore only velid for & certein con-

*. dition of the engine, ‘'obeys lows of combustion which.are established’
mothematically on the basis of the formulas'mentioned above, . As soon
as the éonditions of combustion are fundamentslly changed, with the
oceurrence of knocking ot a point dictated by spontancous ition,

~

the ‘function f is replaced by ancther =i, .
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- o od--Wh0 valuos of p for the instant of
" spontanoous ignition must be tho some ‘for both functions, 5§ Was
alroady montioned in the praoticel exposition;-the-differencos in .
. amplitude of tho p - functions are very glight, which is illumineting,
sinco oven with violemt knocking, spontaneous ignition doos not occur
+£411 the final stago of  tho. combustion of the mixture, and ccn only
‘alter the speed of combustion. " The avioiloble combustion enorgy
— “(enlorific value in cnlories) is tho same with or without knocking,
therefore as compared to the condition of no ¥nooking there can only
be o cortain incremse in pressure, causeé by the conversion of the last
combustion calories closer to derd centre, thet is, nt o highor rote of
~compression, Loerl rises in vressure -re left out of tho cc.leuletion
here, for owing to the equrlisetion of pressure, which occurs ct the
spoed of 'sound, these only come into the picture if we are considoring
processes which 1lost for o time, shorter thon 104 soc,, and consequently
cannot be recorded by the majority of indieantors.

The slight alteration in tho shape of the p -t function is trans=
formed into mn alteration in amplitude by a differentietion, Tho
result of the sudden combustion of the residue, and the instentaneous
rise in_pressurc, should in theory result in en infinitely greet first
. differenticl, -Actually, spontoncous ignition also occupies & certain
time, so that however intense the ¥nocking, the first difforential

. remains finite,-

.The second differential rencts much more strongly to.thig un-
stondiness, ond higher differontials would give even greatersy ’

. deflections, But in view of the excessive distortions, it is better
to remnin at the sécond-differentisl;, which can still be presented with
sufficient scouracy, and, as tho _tests show, is cdequate for mescsuring
knock,  If we superimpose 1'.1'19',d2p/d‘bz maximum emplitudes on the values -
of initial-pressuré p,, the result is.a steady curve, corresponding to
+the . function d2f/dt2, As soon a5 combustion conforms to the function
a%F/dt2, thot is to, say, there is knocking, the curve changes its
character, ond an irregulerity appoars, chgractorised by the above-
mentioned kink, o o , v

- The identification of the .onset of knock by the kink really ocn-
. 'sists only in rendering visible the irregul+rity which takes ‘plece " in- .
the combustion es it chenges over to Xmocking, It is interesting thrt
in addition to-the pressure function, it is possible to enter another

- function, viz,, that of .the speed or time .of combustion; +his was
investigated by §ohﬁtz, who Ffound. ‘the sume, or s similar kink,  ~In
practice the Schutz process would hove the' disadvantoge of requiring 2
‘eylinder boresa, . kd Coee

IV - ENGINE TESTS,

. . The D.V,1L, ‘method “of using the second derivative to dbtermine the

. lnocking tendency was used in practice on two different. single-cylinder
test engines for fuels.of octane number. 87 and above,  Both . of them, o, _.
C,F.R, engine snd o B,M,W,132 single-cylinder cero-engine, were vequ'ri‘.pped

with o super-charger, . ‘

N 8 ! .

ated, and their
octone numbers, .

.3 fuel mixtures, all /of difforent chemiosl structura, with on.
.; ogtane number 'ofva'?, tnd-a fusl. with rn octene nusber of 100 “uere
_selected to test the DVL process of ;ressure cccelerctiom. ' Theix

: _;properti‘e"‘s- are’set out ih. the following toble:-




'
,

Fechnioal 76%~bechnicel-iso-——Fr6% bonzole—47%-ethyl
Iso~octane octtine #+ 26% avie- + 26% avia- olcohol #
’ ‘tion gesoline ' tion gasoline ‘53% aviation ¢
. R gosoline

ey

Record .Né. . - L [
(B, M, W, knook~ X e 218 - 221 - 222
1imit curves ' . .

Density at 20°C, 700 0,704 0.828 0,747

Ref.Index at 20°C, / 1.4782 . 1.,3810

+¢/H Rotio - X 8.9

Theoretical air -
requirements Kg/Kg. 1,502

Distillation by the A,S,T,M, method,

1.B.,%, e 0 .
at 60°C,% -
70°C.%
80°C.%
90°¢,% -
© 100°C;%
110°C,%
' 12650.%
* 1210C.%
--130°C5%
135°C,%
140°C,%.
141°C,%
Resiéue- .

'

‘Loss. -




_Tho._cotane numhgrs_nnd_xha_ggmnression at the onset of knock of

the four different fuels which were investiruted in the C,F,R, englne'
wore as follows :- . : 3 X

motor method v Reosearch movhod

octane no. Onset of . octane no, Onsgt of
’ knock . . o © lmock

Technical
-iso~octane

76% Tochnicdl ; -
iso-octone

254 aviation ‘g
gnsollne e

75% Benzeno
25% avintion
gasoline

.alcohol
63% aviation
go.soline

5,82:1

)
™
47% Bthyl ;
3

2. Test engines and conditlons.

The partlculars of the two tost engines used are given. below o

o

“G.F.R, Engino, _ B.MW,152 single cyl-
o ' inder- aero-engine

Swept volvme cmd , R : 3076 .
Compression ratio © 6.5 ) L 6,511
- Shape of combustion : : :
chamber . ‘Disc-sheped
Meteriel . © ' Cast-iron piston
Sparking - plugs o 1

skull-cap shaped
Right metal piston
Sy

Ignition

Coolant

Intake valve

Velve overlap
pve-heat1ng intro-
ductlon of fuel

battery
distilled wator
scraesned
21° Crank angla
mixture heating

- ..corburettor

magﬁoﬁb
cair
qnorml -

1 41° crank angle
_air'heating .

“injoction




o _The tcble which follows chows the test conditions observed when
-* - kesting the fuols, . T 7 -

" ragy wonditions for |
¢.F.R, ongine, _ 'B,M,W,132 single.cyl-
) . * inder amero-engine

a7

. 4 . , . - CoEy, . i .
Throttle setiing Full throttle Full“throttle

[

Engine speed : 600 . . “ 1600

Ignition %crank angle . ' ‘constant 12,5 - verisble optipum.
' : o : ignition forfy= 0.7;
0,95 1,1, S
1,3 with knock-free
. , " .combustion, .
" Cooling sir pressure . . :
" mm, weter column K . 200

bvv(‘;oolunt t';)mperatu'ro "C.l ' I S 25-30
Béo_s'b air temper,aturve °c. o - - 80
; ,Ter'nper;\turg"‘of ndxturdi-“C‘. D 86 . -  - ‘
Mixture stromgth A 0.7 - 1.8 R 0.7. - 1.3
Meusurement.' of knockiﬁg’ . . 1, _ﬁéforminiﬁg the Zné derivative. -
: ' .= 3 .2, Onset of knock determined surally,

Pirst rogular ° ~ Constant number . of
. -lmocking, . vimpacts per minute..:

3., - Test results. . . L PR S v v e

(a) Influence of various test conditions on the momont when a
Tuel beging to knock, . - _,

¢/ In order to agcertain the reproducibility of. the test results
with the D,V,L, Pressure Accelerntion Method, it was first necess-
ary.-to determine how gprmlterv-tions in the test conditions of the
- engine cffected the d p/dtz meesurement, : o
A1l theé rosults of +the tests, und thus the knock limit curves .’
dosoribed loter, were determined in the following manmer,

As alrendy .stated,. it is not possible to mengure the begimning
. og ¥, ogking directly by meens of the dzp/d'!:2 mer surement;  the - s
. 'd%p/dte surve must first be plotted under incrensing super-chorge
. for -each knock onset at a ‘certain mixture strength, . At lenst 5 or'
"6 .mecsuring points at various ,supe,r4ohnrges' ‘are negessary in order:

" to plot this auxilisry eurve;- two or three of ‘them must be in the
“¥nock-free region, When the ‘individugl dzp/dt_z,,points' dre- joined,
the onset of knook is found 'wt tho kink in the characteristic Tl
" ourve, being expressed as mm,Hg, of boost .pressure, or- in Kg,/om®

‘mean 'ei‘feoti#o pressuro, B N RN ]

I




These charadteristic ourves are shown in Figure 6.  The kinks
- 4n the oharaoteristic ourves can mﬂ‘off’dﬁeobw&e—boost;————-———;—;-——
. pressures or mean effective pressures. -

Figurew 6 further shows that the mixture strength only deviates
. from the value o;‘}, = 0.9, which must be meintained in this -case,’
within narrow limits, = This presentation also shows that the-kink
'in the oharacteristio ourve always oodurs roughly at that point
where the inoidence of knooking as determined aurally was 8 to 10
sharp knocks per minuté.  This was donfirmed by ell the other
characteristic curves for tho B.M.W. aero-engine single cylinder.
Figure 7 shows the dep/d'bz characteristios for technioal iso-octene
at various test donditions in the B.MiW, 132 single-cylinder aero-
engine.  The effect of the - . ‘
. mixture strength,
boost air tempereture) ) .
ignition ) ) measured at a
compression and - ) constant mixture
‘engine speed . ) strength of 0.9

b

 was investigated. '
The inorease in permissible boost pressure with falling boost

air temperature, the reduction in boost -pressure as ignition .advance
igs inoreased, as well as the sherp fall in boost pressure as .com=
pression rises are clearly expressed by the shifting of the kinks

- in the auxiliary characteristic curves. The inorease. in engine -
speed from 1200 to 1600 r.p.m. also causes 6 rise, however slight,
in boost pressure. " This egroees with what was generally expected.
Lf the engine speed is further inoreased, technical iso-octane,
which wes used in these tests, causes a fall in'boost pressure at
the knock limit in the B.M.W. 1%2. aingle-cylinder air ‘éngincs
How fer this phenomonon. is due to the fuel - and how far to. the
'tost engine is’a question which will be the subject of future
investigations, which are outside the scope of the present. work.
Investigations ere being made “in this .direction. The super-
charge -value at the onset of -lmock (pmg )- for the exdess eir ratios
)z 073 0.95 1,1 and 1.3 oan be taken from the four auxillary

. Sharacteristic ourves for “technical iso-ootane. " :The result.is-the
Imock ' limit ourve es”a function of the excess. air ratio and the
mean effective. pressure, which appears in the same illustration.”

_The test conditions for this ndek 1limit ourve ‘are the same as for
ghe B.M.W. 132 single-cylinder aero-engine. . : ’

Figure 8 shows the’ cherscteristic curves for d2p/dt2, again
for teohnicel iso~ootane, under various test conditions, such as
ooour in the C.F.Re engine. --In the CeFoRe engine tests the ab-

“golute boost pressure in mm.Hg. was used instead of, M.E.P., as the -

" brake, hotse-power was not measured on the C.F.Re : .

N “Prom the four kinks in the mixture strength characteristio,
the knock limit curve.ocan be established in tefms of the mixture
strength. ‘This characteristioc is jnoluded in Figure 8.

. Thé B.M.W. 132 tests were repeated-on the CeFeRe by varying

. the compression ratio. ' A rise .in:compression ratio corresponds to
a fell.in boost 'pressure, : From the tost results With verious.mix-
turé temperatures and -ignition: timings,: the boost pressure (abse) .
at the lmook limit reached a minimum & mixture temperature .of
'805C. and en-ignition advance of 12.5° crank angle. BsTeD.Ce The

*minimum value of mixture temperaturée is probably determined by the
-mixture. distribution in the C.F.R. engine. . “The tests were repeated,
and ‘the séquence found to be:the somes . Within the range of engine
speeds selected for these tests (600 to 1200 rep.ms) with technical

5 anthe dinitios boost pressure could be raised with-inoreasing

Y
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engine )speed. " Finglly, 1noreaaing the ocoolant temperaturs produced
a fall m .boost pressure. -

. !

All these results obtained by the D,V.L. pressure acceleration
method show that very variablé” runnmg conditions considerably
‘affect the knook behaviour. - The df p/dt2 results. reveal any alter-
ation in the test conditions, and may therefore be considered a
reliable indication of the knook properties of .fuels, as compared
with the results obtained by the aural method.

(b) Knock limit curves of different fuels by the pressuro
acceleration method and the aural method.

. Knock limit ocurves. at various mixture strengths were plotted for
~ the four fuels nomed abbve in the B.M.W. 132.single cylinder end the
C.F.R. engine by the pressure acceleration method and the aural
method (see Figure 9). The test conditions were those laid down

in Section I¥b. ' '

These results showed, in the first plece that there was good
agreement between the measurements by+the pressure acceleration
method and those by the -aural method, especially in the B.M.W.

: singlé-cylindar sero-engine. The onset-of knooking was generally
very hard to determine aurally’in the-Q.F.R. erngine, or was very
indistinet, especially with fuels which are predominently aromatic
(curve 3). It must also be emphasised that in the region of 2C%
to 30%.excess air in the B.M.W. 132 single-cylinder aero-engine
the beginning of knocking always appears to occur sarlier with the
pressure acceleration method than with the aural method,

. Secondly, with both test sngines, thg fuels under test are
rated in a different order than their C.F.R. octane numbers would
lead one to expect. Toechnical iso-octene (octane number 100) is
less knock-free in both test-engines (ourve 1), ;judge% by the '~

)

D.V.L. test (super-chargeablllty et incipient knoolk than the
" blends with motor. benzole or ethyl alcohol (curve 3 and'4), although .
‘the latter have an octane number of 87. ' The mixture which is pre-
dominan‘tly 1so-paraffinic, and which also has an octane num‘be:r of

87 (curve 2), has the lowest super-chargeabllity. :

Thlrdly, 1t must be emphaszsed that’ the 4 fuels are rated in
the same order in both the B.M.W. 132 end the C.F.R. engine,
Admittedly the range of super-charglng of the fuels was about 1/5
 greater, at 225 mms, in the BJMd.W. 132 than in the 6.F.R. ongine.
This might be-due to the structural difference Between. the - two
test englri’és and the difference in mlxturs dlstrlbutlon or ignition. -

o
) It is speclally interesting that ciurves 3 énd 4 :m'herseot s.'b
- practically the same mixture sti‘ength. the D.VaLe pressure
accelération method makes it possible to establish quickly the
_onset of knock, whether this was established distinctly, or. very
) J.ndist:.nctly, aurally. ‘- ‘ , .

Flgure 10 shows the’ results in both test engines w1'Lh the four .
test fuels, by both methods, with percent super-charge as & fun..t:Lon
of the mixture strength. - The reference point selected (100%),
. 'in both engines the super-charge pressurs at the. onset of knock,
" when using technical iso-octane at A .= 1.1l.  The absolute super-
charge for technical -iso-octane (reference) point is 960 mm. Hg.
An the B.M.W. 132, and 795 mm. Hg. in the C.F.R. engine..
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This method of presentotion has the advantage that the test
results in both engines are nssessed on the basis of the same fuel,
and cen therefiore be directly compared. ~The order in which the
fuels are rated is the same as in Figure 9. This presentation
_also shows the effect of the different designs of the engines.

It is possible to compare the individual cherscterigtic’ curves
directly, since the individual test points obtained aurally are
confirmed by the objective D.V.L. method. . :

a4

¥ - GRITICISM AND CONCLUSIONS.

In' contrast to other methods-of measuring knocking, the pressure
acceleration method is not only more sensitive, but is also an
" objective indication of':the onset of knock. Over and above this,
it is possible to measure knocking on an absolute scale (atm./sec.”) -
as mentioned in the author's earlier works, end demonstrated in
Figures 3 and 5. This makes it possible to compare measurements -
made at different places, without using .one and the same instrument.
For instance, if the lmocking has been measured each time in atm. )
. sec.€, it is . possible to compare an Amerioan measurement by means. of .
" an electro-magnetic pick-up with a quartz indicator diagram which.,
was made here, -The, author has alresdy mentioned in an . earlier worll6h
that the method gives good reproducibility after a lapse of months, '
.and it has been possible to oconfirm this. ’ :

' When the onset of ¥nock in a B.M.W. 132 singie-cylinder aero-
engine was measured, first aurally, and then by the D.V.L. Pressure
Acceleration Method, and the twe compared, there was found to be an
agreement within the range of accuracy. of he aural method, i.e.,
¢ 15 mm. Hg., up to a mixture strength of A = 1.15. Variations
only occurred at high excess air retios. (from 20 to 30% excess air).
In view of .the difficulty of the aural method in the region of high
air excess, the objective préssure acceleration meothod must be con-
sidered more reliable. — If the aural method and ‘the pressure .
acceleration method are used in the C.F.R. engine, it is possible to -
“obtein an agreement between different fuels, althongh if the fuel is
predominantly aromatic (in which case knocking is kmnown to be
difficult to determine), the variation is greater. ’

. Tt is noteworthy that where there was a clear agreement between
the results obtained by the two methods, at the onset of knock
according to the pressure acceleration method there were between 5
and 10 knocks per minute. - In the B.M.W. 132 there are 800 o
explosions at an engine speed of 1600 r.p.ms, so that 8 explosions, -’

"L . N

iv6., 1%, will introduce knocking. ot

The pressure acceleration method fulfils the frequently met need
for expressing the Jmock rating of a fuel as @& curve rather than as:
‘e point .(octane number ). - The time lag due to the ‘actual measurement
of dzp/di:2 is practically non-existent. if a recording device is used,
since the recording is done automatically during the setbing.of. the .
' “engine. - The time required for measuring the onset of knock is
*‘rather due to adjusting the mixtire strength, since the engine must
be allowed- to- attain-the thermal equilibrium between one detenfﬁ.nation

' “and ‘the next, especially*in air-cooled. engines.’
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Eff'orts are at present being made to fit'.the necessary empliifier
with a small cathods ray tube for obsermtlon, a defleonticn insitru-
ment for. reading off, and a recording instrument for meking a com-

. pletely objevtive recording, in such & way that when the installation
is set up on an engine, it will be possible c¢ven for non experts to
_ measure knock'ratings. ) ‘ ’
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Tho D.V.T. hlow-by mothod for testing lvbricants

'
v

Survey: A report follows of the Yests made on e small liquid-cooled twn-

- stroke engine, which.led to the devalopment of the D.V.L. blow-by
method. This process makes 1% poasible to chserve “the rTéte of formation ciff
_deposits in the piston ring groove ‘of a runaing engine. " Various lubricanis,
tosted by this process, gave results which accorded witlk previous experiem.e. .
(Pests in the B. M.W. 132 and Slemene o‘l~teet e*-gi:\e) .
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*I. Introduction i

The endurance behaviour of oils in eero~engines, especially their tendency
to-piston-ring-sticking, was investiizatad in tests on uero-engine single oylia-
ders.  The standardqof evaluation was iw each' case the rumning time up to the

) sticking of the piston rings, under conditions: which. were kept constant through-
-——out--the test. -.The racently observed fact that a single iest run-is not suf- -/
ficlent to evaluete a lubricent, but that several runs must be made to determine
the effect on the running time of temperature (1,2) kas increased.even more tha -

.

duration ‘of the. conparatively expensive snd time—consuming tests. .- A

© It is therefore advisableto replace these investfgatlons by eorresponding
teste in’ smaller engines, end thus to save the expense and time involved.  But
experience has shown thet not every engine can be used fonr such endurance-tests.
, The development of ‘e suitable method wes gensrally mede harder or ~impossible by .
~the faet that one or several of the recuirements here set out could not be -
: setisfactorlly fulfilled - - .

L R ‘__)
i

1. :.dequete relia'bllity et high thermel -loads

2. Setisfectory obeervshon end control of ‘operating conditlons

© B Poss1bility of determining the time of ring sticking
“2) by, obsérving the power drop .
b) by observ:mg ‘the ges bl o"~by

BN

4. Good reproducibzllty of the ind1v1du°l tests. . | @

- A8 'bhese requirements cennot be i‘u_i‘illed in their’ entirety vith each-
_.engine, and as the edeptetion ‘of the usual sndurance ‘test method to small-
engines necessitates -extensive alterations. end preliminaiy tests, it wes inter-.
eeting to see how far a two-stroke englne was suitable *‘or such investigetions.

Apart from the wor]d.ng process, an engine of thls uyp_ew appegred to be

e

1 {.
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1 Hspecially edventegoous becsuse of its reliebility and simplicity of handli
, The foct thet in a two-stroke engine with mixture lubricetion the fuel A
~TIcANc efCv 10 close contect w1tn‘EEUhfuthar'tn'the—ptstnn—ring-grOV‘u, 3
.the ezpactétion thet 1t would be possible to test the mutual effects of Lo 4wo

substences with perticuler success.

iI.ﬂgggine end Test Bed
The engine used for the tests was a liquid-cooled IKW angina of 30C cen.
» capeeity. . The;charactaristicavof this englne rre set out in Table 1.* IV works
on the femilier two-stroks system with erank-crse compression end ‘reverse scave
«enging. '

The whole.sss-up of ‘the test bed cen be ssen from Fig.l. The power is ab-
sorbed by & Junkers hydro-dynemic brske. The torque is recordad Ly & culck—
aetion scale (this comperatively expensive scele is admittedly 1

_necessary for the method, end simpler meens. cen be employed, o
is meintained). It Should be mentioned thet in all ihc i
seccuretely meesured (X 0,01 H.P.), which was of course only
breke #nd the sce}e were in perfect order. - ’
The. cooling system wrs constructed ss = thermo-syphon. The ccolanw {ehhyl
_ene glycol} pessed through ‘e weter—cooled radiator. The volume in circuiaiioa
© was controlled by e valve before the inlet to the cylinder,_ With this instal-
‘lotion it wes possiBle st the beginning of the test runs to interrupt the cireu-
"letion of the coolent complafely until the regquired tempersture wes rosched, end
Cthen by =a.gredurl oponing of the velve to sot the coolent circuleting. . This
moems. thot the engine warms up gquickly (two to three minutes) and thet the cool-
. ent tempereture is very eeceurrtely raguleted, which is adventegeous for the
success end reproducibility cf th2 tests. - : : ' :
‘,‘ The fusl zonsumption could be veriesd by means of a regulsting needls “lasbal-
“led in the mein jet.  For sctting end observing igrition o neon ;tube timing
indicator of the usuel type wes uszd (ef. Fig.2). Since it wes necessery %o
alter the ignition timing in meny ¢ases (¥For example the engine often sbarts
badly in the ‘blow-by mothod (iaficient compression), unless 2 ccnsiderable
‘degree of ignition sdvance is used),_during‘running, the izniticn wes made ad-
© ‘justeble by making the whele mergnéto - system, including the zontact breaker, ,
rotateble about its exis, es 'shown. in Fig,3.

st YT, thermé—couplss were used to observe the operating temperatures. - The
_temperature of the combustion chember was measured by en élement built into the
cylinder heed (in place of' the priming ccek), while the exhaust, gas thermo=
couple was in the exheust ges elbow, about 30 to 40 mm. after the exhsust ports.

-+ electrical air-heater was built into the intake silencer. )

TH eliminate the influence of fluctuatitns in intske eirT tampsrsﬁure,'an :

) “As'cyliﬁder/heads snd pistons differed somewhet, the‘cpmpression‘rstio
- (® = 5.0) wes kept constent by:chenging the geskets betreen the cylindexr and

" ‘erenk case. ’ . ..

Just es in the tests on the BMW 132 single cylinder engine, new piston ~ ——
rings were used for gech run, . Tho test bed is'sc consiructed that the engine
.ean - be Tuily lcedsd directly after sterting, without causing any demege (such ’
es piston scizingl. of course,'jhis~isﬁon1y;possible with en engine which has
been run in. L ’ e e .

- ITI:Prelkinin?Ty fasts for ?béérving pisten ring sticking

The pﬁrpcs@'of.tha fdst,_és'igitho methbﬁvworked ouf on.ais;ﬁglé eiliﬂdep
. mero-engine, wes' in .the first place. t2 ncte the moment of piston ring sticking:
from. the [drop in powsT. But it sppearal thgt}the‘tempcrery fluctuat;ons in

i
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“‘power, of very varied cheracter, could not be brought 'into line with piston-ring-
sticking. The piston rings elways stuck comparatively esrly, -accompenied by @
,sudden or gradual fall in power. Even'iwhen the run wes continued with a stuck
‘ring, there was no fall in power efter more than 10 hours.. '

' Simitancously with these investigations (hC GRATEo prosoure wes ovaerved,
" end et times continuously recorded.  But even so it was impossiblé to determine *
the moment et which the piston rings stuck, In-certein casesthe.charge press~
.ure undersent sudden chenges or fluctuations, which were not sufficiently repro-
ducible, and could not be ettributed to ring stickling. ’ .
©_ An attempt was slsc made, by carsfully cbsescving the different tempera'tureé .
»{crenk case, boost air, cylinder well, combustioa chamber, exhaust ges end cool-
,apt.) to indiecate the condition of the piston rings. - But this ettempt was unsuc-~
-eessful . . . :

It wes essumed that when the first ring seized the remsining two still
£0 :led officiently, so thet power end boost pressure were not affected: - therefore
t1e investigetions were repeated with » speciel piston which had only oné ring.: . '
It sppeered thet even in this cese the improvement ss regerds ring-sticking wes
insignificent. It wes interesting to observe thet while the piston became = . |
Hotter, . the continuous power. output of the engine wes the same ss before, end wes
only slightly losa favourable at penk loed. : " .

. IV. Development of the Blow-by method —

All the investigertions- 'Just»de'scribsd showed thet ring-sticking occurs in
the two-stroke emgine without any cleer externsl indicetions. The sems opinion
‘wes formed in verious other. querters, so thet the #Fttempt to use thw two-gtroke
«ngine in its usuel form for testing the tendeney to ringnsticking hed to be
given up. -’ A : Ut , ‘ .

But.if .1t was rea_uiréd_, in spite. of this, to uss this excellent end simple
engine for endurence tests on fuels end lubricents; it -would be necessary to. -
deprrt from the customery method of svaluetion on the besis of the running time
up ha occurrence- of ring-sticking, end 0 continue the development-on g

nt besisi- . :

2 the process of piston-ring sticking, deposts are formed in the ring. ‘
grouve, to the extent that the ring can no longer move freely, and thus no
longer seals adequetely. The result is thet the combustion grses blow through

*...into the crrmk-cese. But if it is rrrenged thet e smalrl.portion'_of the’ com~
bustion geses cen blow past the piston -ring, through the groove end into the
erenk cess, end thet this flow is interrupted by. the gradual formetion of )
deposit, then the time in which this ‘deposit reaches e eartain smount could be -
used og’ '@ memsurg of the type and rate of deposit formation. The énglne will
_have '@ very poor power: output at ‘the beginning, due.to the inadequate compression,
rising greduelly ss the deposits interrupt the flow of grs, Pnd fiz‘xally\'réaohing .

"o limiting velue, correspending to the condition in which the ring hag stuck
without leskage teking place into the crank cese. These ideas led to the
. development of the DVL blow-by method. ' ' :

‘n) Tests at constont throbtle opening - : L L

In the specisl piston already mentioned, the ring groove wes drilled through
+c the-inside of the piston. Ir the first test the” groove hed 7 holes .of 1 mm
Aimmeter distributed svenly erouné the circumfsrence. In spite of the resulting
1ow compression,.the engine -sterted up, end produced 2 power.of sbout 3,0 -trake -
hworsa-pawer, with the throttle fully open. The power then rose greduslly, and:
nore slowly es the time increassed, end remeindd mors. or 1lsss constant at 5.2
brake horse~power. It appeered thet no .coke W depcsited in the holes near - -
the exheust port. The témperstiures were s¢ high here thet no deposits could
form., Fur this Teason the engine only ettrined 'm mAximum power of 5:2 b.h.p.

" ‘several further tests e} lower temperetures and ‘'with various arrengements
of the holes showdd ‘thet the power .rose most uniformly, end reached tho highest
‘finel velus vhen the -drillings vers only m#de et the.points where the coke form-
etion wes most pronounced.  -Thersfore, in the.tests now about’ to be deseribed

LS
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the piston groove hed only three holes (1 mm diemeter) et 2750 2000, and 3200

(the ring gap is elweys et 305°), (The position of the holes is given in

degrees .~ circumference of piston = 360° ~, 0° being abeve thé centre cof the
%wmnmmmmimm—)

. In Fig.4, the course of these investigaticns is mecomded as @, i‘unction of
time. From this it cen be seen thet tho riss in power veries consi.derably,
ospecially at the beginning of the taests,, but thnt there 1is nevertheless &
:certein ngreement between the curvaes. i

In order to determine whether i% is wossible by this mothod to eveluate
cdls with regerd to their tendency t: depnsits, runs were made with
different oils under the sems conditic: Fig. 5 shows thet the individual
_ 5ils behave in e meuner strikingly differeit from each other. Thet their

finael power velues ere so¢ different id Cue tc the fect thet with some oils
- only some of the drillings were closed up: 'bocause-of the high load there were
no deposite 8t alla he remeining holeds. : '

These test results though excellent in themeelves shcw thet ecourete and

satisfectory eveluation is impossible when the reproducibility 1s &s bagd as

chcwn in Fig. 4, Thus the two oils Grunring and Rotring would still.be more

or less within the range of devietion, or et lesst permit only a very ill-

¢afined evelusticn, whereas their behevicur wes very different in the single

cylinéer eero-engine tost. But the curves in Fig. 5 show that it whould be

pcossible tc form a judgement by this method, sc thet the method may be considered

right prrnrc‘lple. Therefore, in furthering the develcopment. of the pmcess,
importent on the cnb hsnd to improve the reproducibility of the indi~
uGSt‘J, end on the other hsnd t5 finé & methcd of evelumting the tests such
&y caun be brought intoc releti'\nship with practicel conditicns. For this

n, ® lerge numbsr. of teets wag necessery, ‘fer the purpose of 1nvestigating

2 taxe too long tr‘ deseribe the runs in tetail: therefore, only those
he veferred to which ccntributed to the result. )

v} Tests at voriable throttie : ' —

‘ In tke tests menticned b vé the ergine speed was variable (cf Fig. 4):
. ut the oeglnning of each’ investigetion it wag set to 2500 r.p.m. During the
" temle 1% rose in sceordance with the incresso in power.  But since the indi-
v*eucu. oils geve different final vanlues (o€ Fig. 5), the everdge engine speeds
ere very different”from cach other. 'ISimilerly, it wes observed thet the temper=
sture of the combustion chamber snd the bonst pressure had very different: final
anl average values. Also, the power ard the ergine speed wers naturally sffected
by the fluctuetions 'in the~eonditinn ef the air.. Therefore, if the different
cils were compared the -resulting picture would be e felse one, even if the rep-
roducibility wes good, B3 they heve been subjected tc different thermel and
mechanicel losds ‘according ‘to their ipelinetion to form deposite. ! _“
Therefore 1t was necessery to provide in all the tests constent™ thermal
" and mechanicel loads, . Tais was best achieved by keeping the power €pd engine
speed ccnstent throughout the test by graduelly closimg the throttle. It
'ﬂppeared that the temperatures then fluctueted within narrow limits only. The
_in throttle =8 @ function of time is » goud guide to the gradual rise
er, and has the Pdvanteee thet all the conditions can be kept constant
out the. test. Figs. € end 7 give en inlicetion of two investigetions
out . in this wey. At first the throttle curve is very steep, but then
1ly becomes flatter, end finelly becomes precticelly a straight line.
is understandeble that it is'nct elways impossible o obtein an absolutely
ight line curve (cf,., Fig. 7). But by proper interpretetion .of the results
) ‘these. tests (ef. section V, 1, C), these irregulsrities.cen beo cemcelled out.
This change in the poslticn o'r the throttle, corresponding to. the increese in
pover, may be comsidered es sn indiesrticn of the nature.and ccurs_e of formation
of deposit in. the ring-grocve: the curve will therefore be stesper,. the greater
" the tendency to deposit formption.: . Lubricents which gave long running times in
the Siemens oilﬁtest eéngine or the‘mw 132 single cylinder should give flet ourves,
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these with short running timos, steap»cur_v,ejs_. In the seme way, the texﬁp- -
r» should effect the steopness cf the throttle curve as it does the running

~ irwep 'up to piston ring sticking. ;

" 7. Applicetion of the hlow-by method
1. Initial conditions ;

. Previous tests having shown that the method chcsen wes the right one, the
task wes now to lay down the eonditions which would give maxipum reproducibility
with the simplest test procedure. R - '

,a'. Preparation for the test: first of ell the best number and type of
groove drillings wes sscertained.  The roesult ¢f = lerge number of tests was a8
follows: . ' x , .

1) Size of the drillings: drillings which are toc small clog to0
‘quiekly, so thet the power ‘rises or the throttle closes too rapidly, end the
result echieyed is only superficial., . On the other hend, drillings which ere
toc large csuse too much.blow-by and overheating tc such en extent -that the
deposits . either do not form et all, or else are swept slcng by the gases... The
best results were obtained with drillings of 1,0 mm. diemeter, which was there=
-fore used in the further investigstions,

11) Number of drillings: - the ‘number of’ drillings must be kept small,
rince the geses should teske the simplest possible route through the' groove to
. whe erenk—cese. : ) ) Co . ‘ J

111) Pesition of the érillings: as slreedy menticned in section iv e,
‘1« -we8 an adventege to have ths drillings et the points in the groove where most
‘aucsit forms. .But sinee these points will be different with different tember-
siaves, loeds end ollg, it wrs necessery tc ascertrin the best position by a .
scries of tests.  In 21l .subsequant tests, therefeore, two holes (1 mm. diemeter,
#55 ‘2bove) were used, cpe et 262° end one et 298° (cf. & teble 2).

. ) It shoui'd be menticned here thet the piston used for the tests
Las only one ring groove with one ring.

‘ The piston ring side clearance hes sn effeet similer to that. of the .
size of the drilling. The mest reguler and unifori .curves were those obtained
with e side clesrance of .0.15 mm. - So es-fo start each time with the seme con-—
¢itions, 8 pew rimg with this clesrence wes used feT-esch rum, ...l Sl
: b. Operating conditions and.test method: the conditions which are:the
basis of the blow-by methcd are compiled in Table 2.. - A
: At the beginning of each test the coclent ‘circuletion was completely,
stopped, end the engine sterted with the throttle wide open. . The required’
power and engine speed were set ss guickly as possible by closing the throttle.
.. and regulsting the load. When the e¢oolent-had reached the required temperetures,.
. it wes allowed to c¢irculete by slewly.opening the shut—cff velws, - At the -
- beginning slight fluctuations in cnolent temperaturs occur = varying accoérding
.%o the skill of the cperator — but these ceese sfter a short time. . In this '
‘way the engine mey be brought to the desired opersting eonditicns in a very short
“ime; These conditicns ere.then kept eonstent throughout. g

. ;

:  Since ‘slight fluctuations in power and engine speed,aré inevitable even
1f the tests are carried out with the greatest-cere, it 1s mislesding to compen=~.

. sate immedietely for an elteration-in péwer by resdjusting the throttle. It

. theérefore proved edvantegeous not t4 resdjust the throttle until -the pcwer has

) ﬁa@ a ‘certein limiting velue.  The limits fixed were 3,90 8nd 3.95 breke .
_horse power: thet. is tc 8ay, when a power -f 3.95 brake horse ‘power was: reached

it wes adjusted beck tc the initial figure of 3.90.7: e .

. ¢. Evéluetion of the test results, end thei: Feproducibility: in érder
‘to determine the limits cf reprcdueibility, .several’ runs, msde under the same
conditions end with the seme fuels, were ¢:mpered’ with.eech other, *Fig.8 shows




ih3 throttle setting -in terms of running time in 4 similer tests: those points
' nich the power wes raguleted beck to 3.90 breke horse pcwer are joined .

T Tt cen be seen from this thet the individual points difjfered.;éomﬁara-r
little. : . .o K

E1S ne—src*pee—ei‘-—-the-une the curves Aiffer very 1ittle.’
A3 the tests were made on different deys snd the power rocorded on eny U8
arfected by the etmospheric ccnditions on thrt ¢ry, the ourves ere somewhat dis-
pleced reletive to eech cther. This fect shows thet in the eveluetion it is

. not the general position of the curve which must be evelueted, but its gradient
from 8 certein -running time onwards. .. . o ) "

In order thet the eveluetion shall be as accurste 88 possible, end
’peca\ise ‘the esgsessment cf the slcpe by the-experimenter is too arbitrary, & ’
‘suggestion is meds here for e quentitative evelueticn which would remove this
difficulty: ' . .

" Experience hes showmn thet ebcut =n hour rfter beginning the test the
fermetion of deposit becomes neerly uniform, thet ig, the throttling curve
. btecomes linser.” ~Therefore, in the quentitative evaluation the first 60 minutes
ore not teken intn. eccount. Frem then cnwerds the encles between the lines
- eounecting the individuel acints rnd the horizontel £xe measured, end the
everege of thess engles is e measure cf the slope of -the curve, end also of the

quelity of the cil under test.
» i ‘ Y,

The éngl-:'e,f 2tveen the line jcihing twe neighbouring points end the
bc:}izcntal is esleu; 2C as feollows - ’

+

the positicn cf the throttle at f-,ﬂ'ointl in scele divisioms.
the running time-in minutes : '
ig the pnsition of the throttle et‘point 2 in scale divisicns

] the running time in minutes : .
e is %he meésuring unit (in FigiB end Teble 3 e = 20 (20 minutes eorres~ .
wonding to first division of the scale)). - . ’ ’

. . N @ : .

The aversge-—angle’ (evelueticn sngle) -is then:’

T = 1(tz2 - tl)‘”'*{"z(ts" ta) ‘*\’;75‘(“74 - tz) + "'?n(tn = tp-1) .
where ¥ = eQ,

' For greater clarity, the figures from which the throttle curves in
‘Fig.B were calculated -ore ;ghewn in teble 3. Acecrding to this, the rverage
£ngles £To 28 follows: X = 35.5%, “N = 359, N 34,9, 8nd K= -35.8°, . These
resulta show thet the tests hrye o high degree of -reproducibility. — But these
slight Giffc:an’ces must not te taken ss tynieal cof all the investigations, - The
tost results in section V,2 show thet. in sime. ceses verieticns cceur which go
woyend the ebeverlimits (ef. Fig.l2). - The reesch for ‘this might be that it is =

- not yot—clear hov fer the regult, cor the fngle -3(, is influenced by varistions in
the test conéiticns {ignition 1t)s It is intended thet this question shell be
slucideted by e series of. investigetions, tc be cerried cut leter, so that tho

" reproducibility cen te econsidersbly impreved. For the present, varietions of
#.1.5% in the tests will te toloreted. S : :

\

- N B . L ., ) \ . - "
A11 the tests.which are ebout to be discussed have been worked out
-eccording to ‘the process descrided ebove. - o ’ S :

2. Tests on’ verics lubricemts . R R R
. In: oxder- 2 dctormine how for the evaluetions mede with the help O the ‘
blow-by method egree with ‘the experiences gained up Ho the present ; tests were

mede on some oils whaee behevicur in the BMW 132 ‘single cylinder enging Wes

¥nown. A8 was. dcne recently in the sincle eylinder eerc engine, each Lubricent ) {

e




wes tested ‘at vsribus temperatures: TFig.9 shows fhe throttle curves at various
thermal loads for the lubricent Stenevo 100, ‘Fig.10 the same for Rotring D, end

Fig.1ll thet for Aero Shell Medium. Table 4 sums up the evaluations of the
-individusl tests. ' '

As was mentioned at the end of Section IV b, steep throttle curves g0
with short running times in the BMW 132 oil test engine, and vice versa. :There-
fore 8 very small angle corresponds to a very long running tims, and the angle
M= 0 would therefors signify an infintte running time,  For this reason it
might be considered correct to teke es e standerd of ‘evaluation, not the angle
4, but 1ts co-temgent. If the rgradient” {co-tengent ™} is plotted 88 ®
function of the cooling temperature, the result is the curve in Fig.l2. The
lubricent Stensvo 100 only shows slight differences in gredient at the various
coobilng. tempereturas: ‘the curve falls et first, reeches 2 minimum et s .coolent
temperature of ebout 130°C, and then rises egoin., The test et 1508 G gave &
result which deviated from the genersl tendency of the curve. The accuracy of
this value is doubtful, especielly as et every other point the course of the
curve wes uniform. This could be cleered up if the test were repented.

The jubricent Rotring D proved to be ‘considerebly more. sensitive to
tempersture. At low tempermtures the throttle Qu'rves were flat, afterwerds
becoming steep: et sbout 127°C the minimum is reeched, end beyond this temper-=
ature the velues rise egrin. . : ' .

= Witk Aero Shell Msdium the tests show=d » similer rgsult, but with the

differcnce thet the curve (Fig.13) liss in 2 lower renge Of ‘temperatures. The
veheviour at high temperstures is interesting: it appeersd thet efter reaching ’
145 minimum thes curve elso rises egein, snd then from a certein velue onwards

~ (ebout 110°C) fells extremesly repidly s the tempsreture is._reised. = The course
of this curve might be releted to the neturs of the deposit formetion as &
function of the thermel lord: es the, terperesture rises the:volume of aspheltic
deposits which ere formed inerzesess From £ cortein load onwerds theSe_“'sbft
deposits no longer stend uyp to the thermel stteck, snd either burn awey or never :

- form (5) (6)., with the result thet the running time is prolonged, or the throttle
curve in’ the blow-by mothod becomes fletter. At the seme time, however, the h
formetion of herd deposits accompénies the rise in tempereture, 8O that the volume
of deposits sgein increases. From this point onwerds, therefore, there is agein @
a fell in the curve of running time or gradient as & function of temperature.

- This confirms the g servations made in.earlier reports {ef. FB 1177 - Behaviour .
of CV4b, end UM 574, 'Test No.70).  Ancther report will deel with the character
of the deposits, snd with the tests made in the laboratory for the purposs of
é1ucideting ‘this process. o -The sbove remerks will therefore suffice for the -

 present to describe the results of the engine tests. . )

w3 Cbmariscn with test results on the BMW 132 sinié .gylinder eine

) For the p'urpoee of comperison, Fig.l3 shows the running times as functions |

of the plug gasket t,empe;‘ature.iy_ the test.on the BMW 132 single 'cylinder,engine )

- for the corresponding oils. 0f course these tests woere meds with & -different
fusl {Shell Ethyl 87} (cf. a Teble 2}. Als7, Rotring, ‘not Rotring D, wes used,
‘with different piston rings, resulting in 2 running time which was longer by 1
hour st # plug gosket tempereture of 265530. ‘In ‘spite of this, it wos estsblished
thet the curves were similsr both in régerd to their tendency end their-eritical
temperetures. = Comparing thoir "gradionts” 8t a coolent temperature of 90 c
‘shews 'good egreemsnt with the previous rurping times in the BMW 132 ‘end Siemens
-bil test engines £t » plug gpsket teu:peratui'e‘ of 265°C. : .

- S Gredient Retio of -1 Running'timeé in BMW 132 and
Lubricent _@90%. . gredients® ~ Siemens oil test engine

_Stenavo 100 S _ o to €% hours
' 8%to 9 hours’

+3 $0 3z hours. .
v ad to 4-2- ours:’




iticism end Prospacts

'

. speco. .

 peed to be ohecked cn the single cylinder merTo engine.:

It would be particulerly interesting to repeat the tosts by )
method with the fuel used for the tests in the BMW 132. oil test engine. BW
the semples supplied varied in their composition (flucturting erometic and leed
content), and such comparisons could only be mede satisfectorily with completely
identicel products.. Investigations™With fuel supplied subsequently would -
therefore introduce en element of uncerteinty, which' would have to be clearod
up by other comperetive tests with fuels from the seme scurce. Naturelly, the
question whether the blow-by method cen entirely replace the test in the BVW
132 single cylinder engino cen only be settled by further researches, - But the
object cf thisrepcrt is in the fizui place to report-cn the progress of the tests
and to show thet sndurance tosts mre psssible with the blow-by method, to glve
the seme evaluetion as previcusly. T - e

X The type of evelustion of tests here describod snd the avidence of the rep—
roducibility of similer tests cbviously rdmit of meny elterations and improve~
- ments. . Further developments 5 the methed will probably result in -even more
uniferm thrattle curves, which will: simplify eveluation to a considerable extent.
Mora sspecielly, this would decide from which running time onwerds an evaluation
is possible in ell cases, and which condition-is decislve for the conclusion of
=8 -TUun, . : . - .
i , S )
Tho velue of %he method lies in the fact. thet it cen be used in a small,
‘relieble-engine, and is very econcmicel of time end mrterisl. The edventages

of the method sre dompnstrated in,the table below.

Adventeges of the DVL blow-by methed = -

o BMY 132 singlo
_Blew-by ) eylinder engine

* 1. Shorter running time - . 4~5 Hours insteed of 4-50 hours
2. Shorter test preperetion ‘ ' T
per run . . 8 hours " n "15 hours

3. Lower fuel cinsumption per )
run ) : 15 1litres . - 80-800 litres
4. Lower oil veolume per run Z litre 25 litres

5. LowsT working costs.per runi . 50 RM, LM 500 RM. -

8. Cost of prepering test bed = 1500 RM. 30,000 RM.

The possibility of testing even good cils, which give long runni » times
under the previous test method; :in e shaort time (4 t>'5 hours), makes method
e practioal preposition in ell ceses where only smell quentities ere aveilsbls, -
or whers & test is urgently required. - Also the test bed only occupies & »Bmal.‘l ,

. : : , .

“Even though' futurs tests d» not revesl a-definite connection with the

. results on the BUW single cylinder engine, the method could be used for prelim-

inary tests in lerge numbers, sc¢ thet only the most interesting z‘egults would

s

. .The féot that the cpersting conditions in-the blow-by method, especislly
the codlant temperetures, cem be kept within much nerrower limits, mekes it
possible to plot the course of the curves in 2 lerge number of tests at smeller
temparature- intervals mich.-more clearly then before, and et the same time to -
observe more closely. the 1nt<s‘;--nction*' between the fugl end the oil.

. VE[I.\ Su.lmna ‘

The above 18 & .'re'port_ on tests made‘on s small 1{GH1d-eocled 'tv‘no_-btrok»é )
engine, with the objegt, of using this engine for oil ’test'.?, As the process of
piston ring sticking ¢ould-mot be setisfactorily obsermed by the methodshitherto
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wn\:x:e"(o‘bs’ervation of “power drop and gas flow) , @ new process was developed
whiech made it possible to observe the rate of deposit formation in the piston
ring gfoove °f & ‘running cngine. .

‘The investigation of varicus lubrif'ants by this process gave wrgults—which
were in accordance with previous experience with these oils (ue.st-a on BV 132
end Slemens oll test engines) The adventages - .offered by this new process c
anuparsd to previous mebhods (economy in time and materisl) sugmest thet in
~ature it will replece the test on the single cylinder aaro o-wln»a, or v'ill at
ieast’ eix_nplify and shorten it.

Table 1

Engine . DEW
Manufaciurer ' Auto Union
Model ’
Bore
" Stroke

'

EW 301
74 mm.- dia.
‘€8 mm.

- " Cepaclty
Power (maximum)

- 'Engine .speed
Meximum ongine speed
Comprassion ratio
Jgnition
Carburasttor

Cooling
Coolant

égz_ccm.
€.5 to 7 b.h.p.

.3000 r.p.m.
' 3400 r.p.m.

1;5.0 {see page 2)

ad justable

single Jever carburettor
‘Fremo VG-V 'vith edJustaole
mrein jot. .
Thermo-~syphon
1"th‘,'lenc glycol

Brake 'Junkers Hydro—dynamlc hrake )

B2K.

Table 2

Onerating conditions in the DVL ‘blow-by rretl'-od

Piston. .. : Special piston with only one ring groove '
Position of drillings at 2620 and 298°
Engine speed - AR %000 * 10 r,p.m. -
Ignltion ) ' : 300 before top dead centre.
Compression ratio f,._ 5.0
____'Side.clsorence of the piston
ring
Fuel
Ratio of lubricant to ﬁlel
Tuel consunption ,

. Coolent . "o
Temp ere ture of coolant:

K Inlet

‘ OQutlet : .

“ Inteke elr tempersture

0,15 mm.

VB, 702 + 0. 12 vol.% 1ead
1: 20

500 % 20g/b h:p. per hour
Ethylene glycol

12 to 30°c *
. various :
23 0 25°c

The "temperetures which occurrcd wers as. fellows:~ .

550 ezo°c
- 470-480°C.

Temperature of ccmbustion chember
Exheust &8s temperetura ‘

‘\- » According to’ the exh°ust tempereture of the cool inte




. Isble 3

E?cample Por Togt Evalustion (ef. Fig.8) °

ey (te ) ¥ 5l —tp) +p(ty = ta) ¥ eefenlty ~ tyd o
’ ' tn ""f-l ) ' LR

G lap -d2) L 2O - 41 =60
g - — T

Run 144

Cbrsl = by

10500 400" -
1ms00 ot
o 1s502 o
260 571 1574° B363'
o )

29° 3¢t - 1044% 1081

Wt —ty) = 63280 BATLY

e

o = £3280¥B7L! = g0 3

_ Run 146 .

- - : 4 -

. T . e TRy
0.7273 360 2" 9359
5 - 7g? sy e

. OiB20s Be° 7 ise10  aser
i L R TR 11830 o 6}»‘

1.000 - : 6500 o
O.e824 . 41° 28! 13940 - 884!
0.4167 " mgr 1056 1776'
ot ) = 67250  B636' .

o = £7250 638"
A 194

i éontinued overleaf)




Table B (continued)

Run 161

. 31.0
30.0

29.0

. 0.5%922..

© 0.6867
1.05%
1.053
0.8333
07143

0.4878

& (b - itx)

; _1‘

210

350

260 0O

| 70

5250
" 9900 | 1230'
‘gga®. . B5L
g740 . E5L!

9350 1152'
. oo "sasv

100e° [s})

S 4 ltxe1 - Bx) = 5978° 4705

0.€897
1.200

0.9524

.0,6452

10,5263

0.6€€67

10006~

5440 576!

240°

" 9030 7567 .

9920 2lB5Yr
10260 3710t

6900 . 123D,

= 54550, 60€R'




Table. .

Results of 1nvest1gationsv/‘6f varinus lubricants by the
, blow-by metihod '
(ceo_teble 3 for hsadlngs)

7

Tubricaunt Cooliug Temp.
. o O¢ (zcutlet)

Stanave L0 e
' 11C

130

150

--165

.90
.90 -
110
110
150
150 .
165

65
76
90

110

130

1380

20
g0
96
90 -
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Tllustretions

Fig.l - DKW Test bed for the DVL tlow-ty method. o

Fig.2 - View ‘of ecrank case with ignition timing indicetor and ignition adjust-
W ment-device. . ) . , : .

'Fig,S ~ Ignition timing indicstor and ignition adjustment device.’ '
Fig.4 - 3 tests performed‘undér.identical conditions with throttle fully open.
Fig.5 ~ Investigation ‘of various lubricants with throttle fully open. Cooling

- '..temperature 1209C; fuel, gasoline-benzene mixture.: - ’ .

Fig.6 - Test with lubricent Rotring D at 1€50C coolent temperature.

Fig.7 -'-T'I‘e‘st with; lubricant Stenavo 100 et & coolént temperature of 130°c.

!
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"Fig.8 - Throttle curves of 4 tests carried out under identical conditiona:
. Fuel, VT 702 + leed; - lubricent, NP'2; Coolant temperature.g09C.
Fig.9 - Throttle curves with Stenaveo 100 st varinus roolént temperatures.
- Throttle curves with Roiring D &% varicus anolang tewneratures.” k N ‘,‘{”.ﬁﬁq vt
Thiabblo ourve s Hitie A6l O-Shelic madis NPT HS— GO S—tenpere buresT 2 qawwmm‘“
242~ Gradient (cot®') a&s a function of the coclsat tempercture with various
lubricentz, '
Fig.33 - Running times ag.a funeticn of the plug-gesses tenpes
: lubrigants in the Brvk’.”l‘_',l5'2 o1l test engine.
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Aun exact and rapid method for
the determinstion of-lead in fuels
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I, Morghen

Summary :

) An accurute mathod of determining"the lead contént of eerd-engiue
fuels in approximately 30 winutes is descridbed: 2 cC. of fuel are
required. for the test.. - ’ : . .

gontents:
~ I. Introduction -
II. Principles of the resctions
involved B
1TI. Tie éerrying out of the analysis
1. The making up of the stendard
_solution R
2. The enalysis )
3. Numerical data
IV. Summary
. Ve BibliomrapHy -

1. Introduction: - Lo el

0f the many methods suggested for determining lead in fuels, only
tho chromate (1) end the sulphate. (2) methods became generally popular.
Press methods arc very time censuming. since the lead content is very
frequently determined for control purposes it wes necessary to dsvelop
& method which gives Pesults in a considerably shortor time end which is
pot infericr to the abovermertionéd methods in accuracy and reliability.
‘In the following paper & method is describod which moets these require-—
monts. - This was prgvad‘by tosts with leeded fuels.

1I. _"_l‘n_em_of_‘jﬁ_;;qactiggs”used in this egbimation.’

The mothod 'consist: of two parts - conversion of the homopolar ' .
,(tetravalent) leed tetraothyl into a sufficiently ionisable water soluble -
lead compound, end astimstion of this by meens of a complex compound. ~ -

- Preparation of the squeous lead solution.

The usual mothod of converting the lead ‘in the fuel into an equeous
solution of a divelent lead eelt i too time-consuming. . As g is knowmn |
that the mono- &dichlor-alkyl lead compounds axe water solubl ,)attempta
were mede t6. convert the lead tetraethyl intc. dichlorethyl lead by mosans

..cf a mild chlorineting egent, e.g. sulphuryl chloride which weuld not
" reaect “strongly with the fuel  to give resinous substences inscluble in
gesoline. o : ' e B
: . @n eddition of sulphuryl chloride to a.leaded gasoline and heating
e fleky white procipitate is obtained which is ‘prectieally insoluble in -
potroloum ethor am in gasoline (normel gesoline), but ia easily soluble -
_4n water and slcohol. “In order t7 gein cursory. informetion the procipi~
tate wes -recrystellized onee from alcohol=-pétroleum ether, and tho :
helogen determined on tho-silky needles by Carius! mothod. . The lead was
-determined by the dithizone method described later,: The values obtained
" . 'mgresd very well with those celeuleted for (CoHg) 2 PbCla. - S .

The Fosstion bAkes plrce in oxrctly the following fom =

Pb(0zH5)4 + 2 SO0k — > (CoHlz PbCly + 2 50g +.2 CgHgCL




Resction of 80p with the T.E.L. (giving lead-ethyl sulphinate——: - B . . '
with sulphuryl chloride for some time with heating, a CRRCY R R
.chloride wes formod**)l  The smrll quentity of Pba(CgHs)e prosent. is : SRR
probably alss converted into dichlorcdiethyl load. The course Of the
resetion was nct investigated further. In tho determination itself,
it is only impcrtent practically fox tha’totmothyl lsad in the leaded
fuel to bo vonvertsd quantitebively into a torm which gives divalent lead
ions, It is elsc essontiel tor the acduracy of the determination to
be unaffectod by thke typs ¢f fuel and its lesd content. © It may be
said that errors mey principelly here cceur, e.g. by the solubility of
':/hca lead precipitete in the fuel end by the reoterdaticn or by the mcd--

ificstion of its precipitation by the fuel, or agein by higher moleou— --
ler unseturntod subetences rermed to scme extent also by tho ection of
sulphuryl chloride cn certeln hydrocarb n compounds. (Formation of
super-seturated or colloidal solutions or finely -erystalline, precipi-
tates which are liable :to be pulled through the pores of the filter).
In the enalysis described later, the ctnditions of procipitation were
solectod su thet the two essentisl requirements -just mentioned wors
practicelly met', ard s5 thet only one mode of precipitetion enuld be
...t.uged for all’ fuels which may possibly bo tested {netural gesclines,
isopareffins, hydrcgenetel gesclines, etC. ). Only fuels with &
- benzine acdition of over 50% ncéd a furtier eddition of pereffinic
" deturel‘gascline “in. erder t: reduce this bmnzine. sdditive*™*}.

Tie fuels must not contain eny aleohol or undissolved weter., Tie

latter is of course & primary ccndition £+r every fuel.

By by T

.. _H. Figcher's process (4) was selegted: from a number of evailable .

methols.  Ha ceveloped the dithizome? ! method for the debermination

5f leed snd Hf & number of other metals., It was mcdified, -since i%

proved to be too ccmplicated for our purpases, and was not very aceurste
. (nccording to H. Fischer — error margin 1-5%}.

. H. Fischer stefes thet Giphenyl thiocarbazon
“leed solutisns’ gives er inmer complex of loed dithizonate derived from -
- -the - "Keto-form". - t'{xa-tr‘.itrhiznné. That meens that 2 mels. of di~

phenylthiscarbazoisy B one divalent Pb ion thus = T

'

' The enol-form of the dithizene would roguire 1 mol. dithizone for
mol, of divalent lwoad salt. ! e e

‘o The leed éithizmets of a purely -inorge.ﬁ;c divalent lead salt is

- 'goluble. in.gerbon tetrachloride with a brick-red (stravberry red), colour.

- 'The. (two co~ordinete) lead - ‘iom, cbteined by the reaction of tetra-.

" ethyl ‘leed with sulphuryl-chlcrids, ccmbines with dithizone, yielding .
“eh'orafige~red ccmpound which is‘mich more 'eesily soluble- in carbon,
tetra~ehborids than the brick-red dithizme compound of the simple -
.lead imm. ‘It requires for its-formation ,\th'e seme: equivalent of di-

" ‘thizcns as the brick-réd lesd compound, ' i S - :

. It is nct intended > euter intc a dotailod discussion of the '. -
- vericus-dithizone methods of 1loed dctermination suggested by H.. Fischer
énd cthers. (They are:-ususlly “extrection methods"). . These methods

g
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of ‘going int: this rrttor, it is intoniod to doscribe et
method which Ppp?!‘rs ‘¢ bo m-re sultable for ths purposcs hora under
censideretiont¥*). ) )

clution of dithizone in crrbon tetrachloride is added
alkeline lesd solution, thé whole being shaken at -
rrcess is ccntinuel. until the aolution, which is
' ecidurioss, cloar end asquedus. in the beginning, tekes &
yellowish colour of excess alkeli-cithizonate. ! C .

svouracy cf the deteminetion'must necessarily be grenter, the
~ $ho required quentity of éithiz-no oxcoss in eny particuler cass,
{ .~ the quentity of ths aquoous leed seluticn must thorofore ba es
srz).l es possible, - ), tho grenter the load ,g:\_lentity to be deteTmined, .
& the more concentrriced the Aithizrone solution.: ‘Tho aceur=cy in~
" erasges further, the less the sulubility of tho Aithizcme end the greoter
that cf the Ph-dithinzonete in the suitable solvent, (©.&s, cerben tetra~
chloride). (When the Asterminction is carried out as ncecuretely as ’
possible, the adistribution oguilibrium betreon the slkeline alkeli-
@ithiszonete solutisn anl the cerbon tetrechlaoride~land @dithiezonete
will have to be taken inte cmsideration. This, however, is unnecessary
’in this perticuler crse). : - o

. The proetienl titrotion ‘selected was enrried out with an sccurecy
of ¢ 0.25%. - The stenderd sclution usel isz=5 x 1074 noler. The -
quentity of the lesd.solutidh wes 2.75 ml. with a content of=372.5 X 1076

mole (0.84 mg.) lerd (enlculrted o8 @ichlcrdiethyl lead).

Sodium thiosulphate .is added es en antioxident#) and also to’avoid
emulsificetion when shaking and to destroy traces of residual chlorine.
 Rochelle salt is also added to assist the solution of any ‘lead chloride

or lead sulphate formed. (The complex lead salt thus obtained is suf-
ficiently ionized to give practicelly a quantitative reaction with di-

_thi‘zon_e). Potassium cyanide##) ig zdded to form steble complexes,
preventing disturbing’ reactions of other metals (exc_ept Sn, Bi and T1).

IIT. Tie vire onh Of the enalysis

(1) Meking vy tho stenderd solution

600 cc. carbon tetra chloride##] warmed to about 40°C are -
shaken vigorously in a 750 cc. seperating funnel vyith a large excess of
powdersd dithizone (about 0.5 gm.) for about 15 minutes, and thon £i1-
tered’ quickly?! into a 1000 cc. sepsrating funnel. = The dark green
carbon tetrachloride solution is then covered.with a layer of about -

. 300 cc. of 0.25% ammonia andssheken for a short timg _(about 3'to 5 -
minutes): The greater pert of the dithizons passes then into the
aqeuous laysr. After allowing to sottle for a short time, the dirty

*brown-green carbon totrachloride solution ‘conteining the impurities
{oxidation products) present in the commercisl dithiszone, is run off.
The squeous solution is quickly washed once with about .30 cc. cerbon °
totrechloride and a layer of 750 cc. purs cerbon totrachloride is poured
underneath, - The -dithigzonc is then liborated from the emmoniecal sol-
ution by edding 100 cc. of 109 sulphurie acid end mede to .pass into- the.
cerbon tetrachloride-sclution by .sheking vigorously. ~The aguoous

* golourlcss layer is now removed es fer ag pbesiblo with the aid of ‘the ‘
£ilter pump- or & second sepereting funnsl. : .The"cnrbon'tetra_chlox_'ide"
solution is then sherken again after adding 200 tb 300 cc. of 2% sulphuric
acid. . The =queous soluticn -is ngain‘ removed, Tho ‘dithiezone solution
ig .finelly sheken B times, erch timo with 200 -t0-300 cc. of distilled
wator. . After the .cerbon tetrechloride sclution hes besen sheken with
weter for the last time, it is ellowed to settle awhile. end fbhen_'run
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offf-.int.vc-'dry seperating funnel, vigorously sheken with a little freshly
heated (dehydrated) sodium sulphetc for 10 minutosmnd filtered quickly.
o ditRia2 soTUti-so—obtained—ts—then-stendardiged-by-the hod
described lator using » lead solution of known loed centont.
best to meke this loed soluti~n up from a srpurated pAraffinic. loaded
fuel frees from benzens end its homclogues. “The load e ntent of this-
fuel should als- bo determincd with tho greatest possiblo accuracy by
ono of the usuel mothsds. ~ Tho dithiazine scluticon is now diluted with
sufficient carbon tetrechlerids tc give & 9-10 cc. titrati-n on 0.5 ce.
of & lerded grsiline <f ),10% by, valumoe lond content. The  solution is
now poured.intc £ derk briwn 1.5 litrc flesk (suffieient for ebiut 100
determineti-ms), & syphen fitted, a leyer af 1% sulphuric scid very
cerafully pourad ~nta the earbin tetrechlcride solution, the bottle mede
eir-tight, end waxed (see rlso 11lustretion). The syphon is filled by
suctinn nnd the burctto counoetod with the eid cf a cork, end also
waxed. The rir is displecod from the apperrtus through the burette
with nitrcgon, and a low presauro wrsh~ ottle containing pyrogallol
solutinon or with eny . ther oxygon ebs:rbent connected end the tap of
the buretteﬁ) cl-sod. The syphon is vernished black or prtected
from Iight in s~me othoer way, tho br-m bottle ¢overod with e black
~clcth for sefety's seko. It is nover advisebls to let the standard
solution stehd far 8 to 10 daysky since the' strength sometimes changes
e littlo Auring this tims. {Should this not be possible, the titre
should first te chockod).  The solutizn should ‘then be eccurately ”
standardized sgainst a froshly preparch lead scluti-n.  The tiltrati-n
equipment {stnck-soluticn with burotte) sh-uld be pleced in e ccol )
plece withcut too much light. (The strength »f the solution in the
burette vhich is not proteeted from light then herdly elters in-the ’
eosurse of one dayl. - - R L

(2} Anélzéis‘

. ‘ 2.0 ec. >f-the lerded fuel £re transferrea”té & dry boiling
flesk (soe illustreticn) using en sceurete pipatte, and then diluted
with 3.0 cec. of & mixturc <of 1 pert. of chloroform {commerciel chlorcform
must be freei frem slechol by shoking with Callg). #nd twz perts of &

‘par?;‘.&inic natmrel gesoline..  After addition of -1 cel sulphuryl chlor;)

ide } & vertic#l tube is put ¢én the flesk end the lettor thon heeted
for 2.5 minutcs oo & smell fleme wntil the mixbture comes t> 2 boil. I¥
is then cocled Acwn £or 1 minute in running weter, heated egain for 1
minute.and cocled. Thon the liquid is filtg;ed‘ off from the precipi<
tate. (Do not use a full mater-jot vacuum) - ).  The little flesk oand
filter-tube ere n ow washed well three times, eech time with:2 t3 3 cc.
petrcleum other (the washing ligquil rust be filtered each time through '
sintered glass). The little flask is now sucked dry ‘(also through tha
glase filter) end the precipiteto Jigsolved in 3 cc. of an aqueous - Sol= -
ution containing 0.1% smmonia, 0.5% Richelle. salt anc 0.5% sodium thio~
sulphate, end the solution finelly sucked cerefully into-e 10 cc gracduated’
flesk. {see illustreticn). - The little flesk is ngein washed 3 times
_with epproximrtoly 2 cc. of the sclutiony the solution. filtorcd each
time, end tho filtrate in the gradueted flesk sventually filled up te
 the merk and thoroughly mixed. . 2.50ce. of this solution mre poured
into » sheking vesssl (sea. illustraticn), 0.25 cc. of n 2.5-5% agueous
potessium cysnide solution addel, and then\ titrated. ’ :

The titration is carried out es follows 3=

R Tho quentity of standert solution to be added to the lead

" s2lution shculé be squivelent o the 1iwsr limit of the sxpectod leed
content,. . The whole 'is sheken for cng minute (the rosidusl equecus
layer.must-becime complately cleer a8 er), ' -Tre srlution is now
titrated sdding 0.2 0T 1 ec. of the stehderd sclution; sheking each
time for 15.seconds, -and this titretisn is eontinued until the layer,:
which was 'cclourless before, bscomes yellow or browm, ' For accurate .
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ostimMations, as much standard solution is added to the new 2 cc, of the
. sample as wes added during the preliminary test beforse the colouration
was—Hoticeable;—end-tho-tiLx hen continued by steps of 0,05 ec. ’
until a change +*)of colour takes place. Tue approximete tota quUATY
cen be estimsted with some experience from the preliminary test and the
actual determination carried out very quickly. No prelininary test ia
necessary when the approximate lead content is known. . B

. T .

Calculstioniz. *

In tuo standardization, 0.50 cé. leaded gasoline (% of 2.00 oc. !
fuel ) containing a known proportion § 4 ty wol. TEL nooded x ¢c. dithia~-
zone solution. , i - T .

I# in the analysis -the consumption of dithiazone .solution is y cC.y

tho lead content. in % vol. is given by ==~ o ' '
TEL = V.-% ¢c/100 ec.
(3) Nweerical datat
- 3

"+ Dpble 1 gives enalytical data for 18 different fuels to which
was added a certain’quentity of "IL.T. fluid”. \ Sucli a areat fumber of
fuels was selected to ‘show to what extent the &-ﬁesence ofv.vario}xs hydro-
carbons affacted the accuracy of the enalysis when load is pre_cipitated
with sulphuryl chloride- {iffects on the course of the reaction, on tho .
solubility of the precipitats, etc.]). - : ‘ ; .

;,omy' one determinetion was carried-out with oach of the listed
fuels, so that the analyticel data mre not avorage valucs. Tho normal

——stsndard pipéttes with 2 merks were used for the semples. The fuel~

fluid mixtures were made up by edding’ eech time 20 cec, of 8 normel o=
. "line containing 1.2 4 vol. TEL to 180 cc. Tuel. . : .

Roumenian distitlation gesoline (No.l) wes selected for ‘the---
. stenderdisetidn or in tho prosent casc as & rofercnce fuel. , But U.S.A.
distilletion gesoline (Nea2) could-have baen used. 12.10 cc. dithia-
zone solution was used for 0.5 c¢. 0f _the leadod roferonce fucls— -The
titration wes cerricd out in 0.05 cc. stops.. et

Teblo 2 also shows the cracked gasolines (Nos. 3 cnd 4). The
lead contents were determined es described in footnote™, Instead of
3 cc. of the gasolino-chloroform mixture, 2 ec. pure chloroform vere
added. o S :

The nemes given to the fuels by the supplyihg firms were
retoined, - The qharvcteristics which arg of interest herc were elso
montioned whenever aveilebla. . - : :

A mothed is -suggosted which givos relisble ‘sméd sccurete values for

leaded aero-engine fuels in » Tolstively short time. Those values £re
- principally not affected by the .olufine-, poroxide~-, ete., ecntent .of the
fuel. : B ’ ) -

. -.Ths process hes not bteen fully tested yet for scutomotive fuels (seo,
however, the control enslyses Nos. 3 and 4). . Tha ‘slight modifieation’
which might here be necessery in the cass of second grede futomotive fusls
is indiceted. ‘ E o LT ’ :
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- FOOTNOTES :

'9{) G. Griittner rnd E. Krruse (3) cbteined monochloro-triothyl -keed and
dichloro-diethyl lerd, by pessing chlorine £t =70°C rnd -109C into *
‘“tetracthyl leed diluted with ethyl aceteto. They dasér;be thoth. 88,

water end alcchol soluble substences of an-ccid charnctor, inscluble in
petroleum othor And in carben totrechleride. : LT

* Chlorine: found 21.194: cale. for (CgHplz Pbllz 21.1% Cl.

‘. Leed: Titrrtion 6.80, €.85 mls. ' Giilc. 6.80°mPs. Tho 24thiazone

" solution was’ standardized against. lead acetate 'solution of known strength.
** The formetion.of leed chloride dcponds .nlso upon the type of fuel

end tho diluent uscd. ’ o B -

*** yory strongly unsaturated cricked gesolines, cr cracked gasclinos
‘which gum up casily (inferior sutomotive gesolines) could rerct with |
sulphuryl chleoride crusing procipitation of inscluble roesinous substances
(¢ehydrigenation by chloring) which might paArtly provent later the solu~
tien of thé load ccmpoun formed. This gisedventege crn b3 lergely

evoided by adding & generius quentity of pure chlorofcrm to the cracked
gassline., ~In order to cbtain accurate enrlyses; the values hm_re' tc be-
cmsiderad in relaticn tc » test cerried out similarly with chloroform

as dopending cn the quantity of chloroforn, fdded the 1lgad eompound’ formed -
may be found in practice t° havo -8 scmowhet incresased solubility in the -
chloroform-fuel mixture. = G.nsidornbl® 2ildtion with chloroform necessi-
tates also an ineranse of the quantity' of tho -sulphuryl chloride-edded,

end it must of ccursc be borne in mind thet the solubility of the lead ¢om—.
pound has & greater percentage offcct-with a smell lerd crntent. From

the ’ngmeriuzl Jdate given later it cen beo soon thet two errcked. gasclines
were treated first eccording to the normal mothnd end then, #s an exemplo, ~
sccording to the molificd mothid deseribed ebove. ’ A

+ Dithiszone is tho abbreviation for diphenylthi’;cerba‘z&ne which wns
synthesized for the firet time by E. Fischer (5). E. Fischer also

. mentioned elready the fact that scme dithiazonates erc,cclouradls

++* Genorelly spes'.kin.g it should be nctc?,- that _t _mothod is. of eourse
equelly suitable for all eolourless lead solubiond proviced that they

- heve not toc- small & lead content.. . The dithirzone cen then-elso be.

dissolved in o carbon totréchlorlde—chlercform mixture in which the Tead- -

" _githiazenate is more easily’ _scluble,-(es'also 48 tho. dithiazone).

#'H; Fischer 1oc. elt. rocommendstsodium thiosulphdate as & reducing sgent.
1 .

## Seo:elso H, Fischer lce.-cit.

C 44 4 solvont which c‘.isso'lvesv tha 2ithiazons more essily. can also be

used (e.g. chlorcform)..  Of course less is nesded in this case. The
solvonts used should be absclutely pure (A.R.). ; N

7‘ ﬁithie.zone cn,:i vits selts ('esﬁaciall'sf fhe ‘1atter) P‘xy'e‘ sensitive to
1ight and oxygon. : o . ‘

7‘7‘ The buretts tep end the syphon tap heve t5 be coated with a carbon
tetrachloride-proof lubricent mefc up n8; O.8e suggested by Kepsenbergs
wo5-30 g. pure Coxtrin’ is ground with 35 cc. puré -glyeérine in.-a ‘porcelain
dish, sdding the glycorine s1lovilye Whilst stirring the mixture with-e
glass rod, it is hostoed strongly over s flemc.. A trahsparent'honey—'v L
1iké 1iquid is fcrmed which is brought to o quick beil twice until vigornus
frothing starts. The . lubricent: whén made is. bottled in a-glass stopped -
vottlo in absence of.air while still hot as it is hygroscopic™. -
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4 sud phuryl chlorile acgerly rbscrbs wetor from the air snd is ovent- -
ually hydrolysed 1o sulphuric scid and hydrochloric acid. The sulphur=—
“ie rcid may ~ffect the fusl end the loed compound, It is thorefore
necsssary to keep the. sulphuryl chlonide over slightly hoeted barium
chloride in a tightly, closod container, ond it rust be sheken frquently.
Tas stopper must be kept dry and the bottle must be closed irmediately
after use. The mensurement of the 1 cc. must be dono with a pipette
using & filtor pump anl without c2isturbing the BaClg. . :

,4: The 1ittle flask is put for this purpose cn en. asbestos plate with an
cpening of 20.%v 25 mm. anl with a slightly sagging wire gouze. ‘The
liquid should just boil, but only very little. Beiling must net be cm~ -
- fused with the simulteneous formation »f ges (SO0g). :

» .

) \& The rubber stopper of the little filter tube -1s put only lcosely ~n

. the (inclined)} sucti<n bottle which hes e rubber stopper with a wifle -
Bore. If the Tiltér chokes in the course’ of time either by the -sus- -
pencod prrticlss in the fusl ér for eny other reascn, it must be cleaned
with warm chromosulphuric rcid and then washed very cerefully with water.
The 1little bsiling flesk must be replecel by & new cno after epproximntely
'100 ‘determinetions. , . et .

N

“* The test point of chenge is tho paint vhon yellow colcuration is just
ncticeablo. 0.1 cc. excess Aithiazone soluticn should be edded in crder
to check.  The solution should become unmistakeebly brown. '
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Tablo 2

T.EeLs | ToeEeLe
o _ {eont. (£ound ) Iocine Nephthene
|Type of Fuol | % vol. % vol. | D20 20 | No. % 4

Roumanian - . .
straight TN . 10,1200 1.40741 2.3
gascline °

Russisn : -
cracked 0.1205 1.4100
“igasoline - . .

Moter—cer
" {eesdline DVL

10,1200 1.4200] 31




n 4 rw gl o

0 4

a .w ;]A ; !
e w g
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- gmsoline DVL 0.12056/0.7€40(1.4290

carbonisetion ° ~|0.1190 [0.7153]1.4033| -
gasoline :

Bituminous
ccal gascline
(middle oil)

‘coal hydro-
;- “gascline-
' (Trans. ncte:

gascline

‘gasoline

70% Isg-octene
309 Iso-dodecene
Synthetic

High perform-
ancs fusl

Roumenian
.straight-run
gasoline’ (Nu,l)

-straight—run
gasoline (No.l)

straight funb
egasoline - (No.l)

hyﬂro-gasollna

No .6 ulluted

_(tecno)_(No llg
iluted 1: l)
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n_the behaviour of G s, Diesel 1g Instrument il and .
o < -Brake fluids at 1ow temgeraturee. S .

" Part I:’ On the behaviour'of ggeaeee at 1ow temperatures.

- Bynopsis: Various methods,in technidal and se¢ientific use for
rating ‘semi-solid lubricants when they are eubJected to low
emperatures;-are—dtec-===-.

It is demonstrated that it is difficult, if not . impoeeible
to assess them by the methods which have been in use up to the
present, ‘A test method was evolved, which makes use ‘of a"test
apparatus developed by DVL. at the suggestion of Dr. A.V.

~ Philippovich. With this it is possible to determine the static

and dynamic coneietenoy (etarting- and friction—reeistancee).
Contents:
A, Introduction.

B, General Remarks on the behaviour of greaees at Iow’~
,temperatures. .

I. Uses.
IT. Chemical Structure of greaees.
Test Method v ‘ ;
I. 'Teet materials."
II. A?pératus,
III.Method.
_Test Results
I. Results of penetretion tests.
II._Resulte'offeterting resistance tests.
III. Reeultelof friction resistance teets.
Evaluation of test results.

VZ’Summary.

A, Introduction

Apart from a few induetrial inveetigatione very - little has

" -been done sabout the question of the low temperature behaviour..

of greases and similar substances. -  The commercial greases in
use are, it is true, tested by some works.lsboratories as to
thelr suitebility for the purpcse for which they are intendeqd,
the 'spparatus used being of the most varied patterns; they are
found to posseas.adequate low, temperature properties, and are

-brought -into commercial uses ' The: range of application.of this
“ type of lubricant i1s, however, so vast that it appeared. deeireble

to characterize them on the basis of an exact test method.
Also, the endeavour-to-produce a few types of grease which can

“be used for all purposes has become an important concern. of those
jwho are intereeted in thia: question,: . o

It is naturally 8 necessary property that the aircraft parte L
which are specially important in the operation of the plane ‘be "
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absolutely frost-proof, The same 1is also true of 'vehicles. -
which are subjected to low temperatures in severe winters, A
.condition for the perfeot working of theése machines is the use

of a lubricant which can be subjected to low temperatures without .
noticeable change, In the winter of 1939/40 the Prevailing '
temperature atf 6000 m,. above sea level was - 70°C.’, whieh made
itself unpleasantly felt in the jJamming of the tail unit and
ailerons : 8_con 0 btributed—to—the s

e lubricant at low temperatures,. : : ‘

X The Institute for Fuel Research of DVL. was early conocerned.
with the carrying out of tests with the object of classifying N
" the ordinary commerdial roller bedring greases, Above all, teste
were made to discover how far the greasges which are knownrto~-day,
have -the required degree of resistance to low temperature, .
Initially well~-known forms bf apparatus were used, among them
being the penetrometer of. Richardson which was standardised by
A.SvTulMs tIn-the course of the investigations, use was also
made of thé apparatus developed by I.G. Farbenindustrie, The
result was negative, as it was impossible with any of these
apparatus to obtain a characteristic, which was not open to
objection, for greases which had been codled down, Twenty .- '
" commercial roller bearing greases were investigated. The object
of these experiments was to develop & test method of our own L
~which would make it 0o8s1ble to classify lubricating greases and
determine their valie for aeronautical ‘purposes, ~ :

. Neither oils, when exposed to low temperatures,. or greases,

. obey Newton's law, +their flow behavibur being influenced in
varying degrecs by the friction pressure. Therefore, a practical
process should either alter the Fri

" the resulting spceds of flow or at a
(constant TeDoll, ) Observe the torque as a function of temperature.

Wi%h this in view an apparatus was deveibped which works -

" éccurately and gives reproducible values. The results are shown
in this work., - , . L R

B.__Genepal Remafks on_the Behaviour of Gréases
I at _Low Temperature, :

.In‘ Uses,’ T - : -

; .- As has already been mentioned,,lubricating.greases are._used./
for ‘lubricating vital parts of -aircraft, +hat is to'saYs,all the
working parts: of all types.of machines.- They are always used

*_ at points where there is a pisk that other lubricants, for

" instance 0ils, owing to their low consistency, will be thrown .

out of the most insceessible engine parts. - ‘In the view of '

.. Holde (1), oils should be used where possible, for as greases
" increase in consistency there is an incresased consumption. of
T power,., , Thus, because of insufficient driving forece, greases

have sometimes failed.. -But, as’'stated, there is-the danger .

.that: 0ils will be thrown out of the working parts, and it is thus

impossible to dispense with lubricating greases. R :

Semi—solid lubricants are aléb‘used'for:

Water pumps on ‘water~cooled aero-engines,
Axle bearings of chagsiB, . . - : ‘
Inatruments, end slow~running bail bearings, | ..
Adjusting gear of air-screws, end all points which are

"~ lubricated with grease, such as ailerone5lrudders‘etc.z

‘




According to the purpose for which they are intended, the
various types of greases produced are non-saponified or saponi-
fied, but generally the latter, and are semi~gsolidi The latter
include calcium greases, sodium greases, potassium and aluminium .
greeses, lead greases and zinc greases. = Thick greases and

" emulsion greases generally contailn uhsaponified products.

11, —Chemical-structure—of-greases

At ‘ordinary temperatures, lubricating greases are generally
" more or less solid or thin, paste-like substances, becoming fluid
at higher temperatures., = The Stauffer or Tovete machine greases
"which concern us here are normal, semi-solid lubricants. They
consist of colloidsl solutions of soaps, mainly gels of sodium,
“calcium, potassium, barium, megnesium and aluminium soaps. ' The
- loading agents in them (mainly ifi the 1light types of grease) are
. talcum, earths, asbestos, or. graphite.

¢

i The saponified semi~solid lubricanta which have been intro-
" duced: into commerce under the nemes: axle bearing grease,
Stauffer or Tovote greases, high pressure lubricating greases,
ball-bearing, .roller-bearing and crank~bearing greases, are
calcium greases. . Their drop point is below 100°C., - Their water
.- .content is from 0.4 to 4%. Separation into soap and minersl '
“0il, with loss’ of water, occurs at 100°C.

The’ high temperature bearing greases and roller bearing
‘greases, mostly sodium or potassium greases, have & drop point
- between 120°C, and 230°C. Their water content 1s practically.-
zero,. — While the above~mentioned calcium.greases are practically .
. insoluble in water, and have a rigid structure, the sodium greases
are soluble in water.. They nearly always have an elastic long~
- Pibred struciure.

The aluminium greases are. used instead of highly viscous

lubricating oils. Their drop point is -below 100 they do not
break down at higher temperatures, as do calcium greases. In-
-consequence of the absence of abrasive constituents, they are
used for lubricating ball bearings.‘ . )

. .For 1ubricating enclosed gears, lead greases with a drop
point below 100°¢ : and a high' specific gravity are used,

_ For 1ubricating cables and” chains, gears, stuffing b
.packings, etc., zinc -and similar greases. are used (that .
".greases with high specific gravities and low drop points) ag well"

. "as mixtures of resins or wax with mineral oils, so-called thick
greases. : .

.

The diminishing ‘amount of water, which is present in the -
grease in-the form of small drops, influences the consistency and
the drop point, in consequence of the surface tension on the .

-individual drops., If the grease is heated till the drop point
‘'is reached, then, owing to the tearing of the menbranes which:

surround the drops: of water, the grease goes over: from the solid,
.paste—like state to the’ fluid. o

K Ir greases are left standing for a long time, oil sometimes o
geparates out; the reason being the evaporatiorn .of the water on
the surface of .the greases. . Owing to the separating out of the
oily perticles, water-free sSolutions ‘of theé:calcium soaps in
mineral’ oils become non-homogeneous after a short time. — Only
with- greases ‘produced in the asutoclave and with high-melting,

. high temperature bearing greases is: there:no inhomogeneity., They he
do not separate (JS calcium salts, even . if they are continually

_heated or. cooled.




est Metho
Test Materials’

| o 20 .

The . test materials selected were/sodium, potassium, calcium,
and aluminium soap greases, all of which are commercial high-
temperature 0% roller-becaring greases. They are designated
below as Nos. 1 to 20, , - :

Their properties are summarised in Table‘I.

: The difference in the composition of the greases.also
affects thelr consistency, and since greases are c¢lassified = - -
according to-their state, which ranges over numerous intermediate
stages from semi~fluid and paste~like to semi-rigid, the test ;
methods used had slsé to be varied. In the course of .time, how-
evar, people came to rely on so-called consistometers. ' Some
firms (meinly ball-bearing firms, as already mentioned) rated
their products by their own test methods, examining them in test
apparatus specially constiucted for the piirpose. The test
- apparatus now to be deseribed were used in investigations carried .
out. by the Institute for Fuel Research, : -

IT.  Teat Apparatus o o S B .
1. Richardson'’s Penetrometer: For determining the consis-
tency of greases, the Penetrometer of Richardson was uséd (3).
The apparatus consistse of a pedestal, which is secured to a base-
plate and has a moveble arm of iron. The: iron arm has a plate
divided into degrees, whose pointer turns when a rack connected
with it moves up and down. - The lower end of the rack touches
"the head of the penetrometer in its downward motion. ' The .pene~
~trometer is held in the lower part of the pedestal by a sprung.
push-button.. . The push button re¢leases the top part, which then
penetrates into a container £illed with the substance being
investigated, which is undernecath. The total weight of the cone-
shaped ‘top plece is 150 grammes. Pig. 1 shows a section_.of the
Richardson penetrometer. - ‘ e B : .

‘ 2. I1.,G. spparatus for measuring break-off. re ance:

The break-away resistances were measured in & test apparatus
constructed by I.G. Farbenindustrie, and shown in Pig.2, - The
installation in the test space of a cold chamber consists of a
. shaft and a bearing ring. The shaft -is mounted on two ball-

bearings, and driven by an intermediate shaft. The drive .is
provided by an electric motor, whose :rate of revolution of 2800
r.p.Me 18 reduced by a worm gear to 56 r.p.m. . The test shaft
is connected up by engaging a claw clutch, . The torque exerted
.on the bearing is transmitted by a light thrust rod to an indi-~
cator gbove the cold chamber. : The: other installations in the
test chamber, such-as! slotted intermediate wall, heating -
“arrangements, tcmperature regulator, ‘and ventilator, make it°
. possible to maintain a constant working temperature.

“+ . "In the Richardson penetrdmetei; which was originally con-
gtructed for.asphalt investigations, as also in the I.G. Test ]
. apparatus, consistency tests and '"bréaking-away" tests were made -
after the grease had been thoroughly worked.. Two distinct - :
processes were required for this.. L .

; ~ The DVL..test apparatus now to be described is an abterbt
to create a test apparatus which introduces a'simplification by
. combining the two processes, namely working and 'the measurement

. of consistency. . R i




.+ potate a few times in the bearing ring. Excess.grease 1s

3.. DVL.Test Apparatus for measuring the starting and friction

resistances: '

' The test'installatidn consists of d low temperéture unit, .
the I.G. cold chambér, with the accessories which are necessary
fgr ghe measurements, and the test apperatus built into the -
chamber, ’ : ' oo

Joreot

1
i
i
}

I

7 fuie s
T The test apparatus Which. A ; g. 3¢ ‘“”“““Mdﬁa“ﬁ&w

of. & worm~screw of 26 rm, diameter. Its length is 75 mm. Pt FE

device is in a housing with an inner diameter of 30 mm.,, which

is provided with a projection (threaded pipe with screw~cap) for

pressing in the ghease: This projection also serves to hold an

inserted thermometer with a stem 35 mms long. . The worm is also

bored to a depth of 30 mm. A right sngle thermometer is built

into the boring. Both thermometers measure from + 10°C. to

- 809C.  The test apparatus has also an adjusteble screw, with

an indicator attached. -~ It 1s surrounded by a cooling Jjacket,

which holds the cold bathe. The test apparatus 18 driven by -a

motor with a transmission and a connecting coupling. .

" III. Method. | _
- 1. Measuring hardness_or consistency by the Richardsbn ’ :
nethod. ) ] i o T R

. To measure the consistency -of greases in the Richardson
penetrometer, the material to be investigated is melted at low
temperature, with constent stirring, and is poured or worked
into a 500 gramme contalner. The surface of the grease 1ls evenly
cut. It 1s important-in this investigation that the grease shall
be as free as possible of bubbles when it is introduced into the:
container. = Then the point of the penetrometer is pubt on the
surface of the grease, and the sprung push button is released,

at the same time as. a stop watch ls started. The point of the
coné is left to exercise its effect on the grease for 5 seconds,
and after the prack has been depressed as far as the head of the
cone, the depth of penetration 1s read off in units of the
gscale. The test is repeated sevéral timss, and the average of
+the readings- is taken, . The low temperature investigations are
made by putting the grease container=— in these cases, instead of
boxes, WEX glasses, which are hermetically"sealed'bg means of =
an adhesive - .in a cold bath, and cooling down to the working
temperature. - The temperature was maintained for an hour, and:
the container was opened directly it had been taken out of the
Ii+quid-in-the-bath.: - The consistency was measured ‘at various.

. points, end after each measurement the “temperature in the funnel-.-
‘shaped deprgssion was measured. An extremely awkward feature . -
of the invegtigation was the fact that after the test had been
concluded at one temperature it -was necessary.to heat the grease
up: again to yoom temperatuire, and work it again, before going.
‘over to & new working temperature. Oonly then was-:it possible
+t0 cool down again ‘to a new test temperature. 5

.2. Measuring the "break-away" resistances
. When messuring the - 'break-away" resistances in the I.G.
test .apparatus, the grease upder-tcst is well spread qver. the
bearing and on the Jjournal. " rhen the shaft end the bearing r
ape aBsembled. - - To .obtain an even film, the shaft. is allowed to
emoved by shifti the ring backwards end forwards during - the
iun.' Thg bearinggring is prevented from becoming axially dis-: .-
placed during-the run by a spring. =~ The indicator and thrust rod

- ‘ape ‘now put on, and the-raquired_temperature»is-reachedAby«- v
. opening the ports "in. the slide valve, and 60 ‘cooling. - .The. -

temperature is. kept ‘constant by adjusting the "81lide valve and

heating, . - After a period of 30 minutgs, in which & gondition of

Ve




SaULT1BPIUn sHould bé réached; the motor is set working, and the =
claw clutch is made to engage by the pressure of the indicator
spring on the indicator drum. - After the test has been completed,.
.that is, after five measurements (maxima), the ports are closed.
The test chamber is brought to room temperature again by switching
| ‘ _on the heating. The bearing is then re-greased. The test 1s
i I 'then done again at a different working temperature in the way

e “described.

Wwwlmuwm m — . . . . . - :

e o When various greases were investigated, however, it was
‘found that the indicator deflection was too small. Also, at
"low temperatures it was. impossible .to meke proper measurements.
'The experiments were then discontinued. . ;

: The greases could be much more simply tested by the method -
/deseribed below, since it was-noit necessary to supply the test :
apparatus with fdesh grease, - Also,.-the time required for
cooling could be reduced to 'a minimum. ‘ .

©Ba “Meésuring fhc'static and dynsmic consistency.

The worm gear, coated with the grease for testing, is fitted.
into the housing, which is also coated with the same grease.
The housing is closed from the side with a.screw-on cover, and &
threaded screw-cap filled with grease is screwed on. This nut
- gepves as a stuffing box, so that it is possible at any time to
£iIll° the apparatus with the grease under test, This is then
fitted into the complete zpparatus, and secured to a claw clutech, .
The worm gear is then allowed to run for 5 minutes at 56 r.p.m.,.
‘and thoroughly Knedos. the grease. With cooling now commencing,
the required test temperature is rcached with all possible speed,
" The Pluids in the bath are solid carbon dioxide and alecohol, h
The bath is kept at the requirved temperature for 16 minutes,
Then the ¢law clutch is pushed home and the "preak~away" (static
‘consistency):is recorded. 5. "oreak-away" values are recorded
et each particuldr temperature; being measured at intervals of
5 minutes. : : S S R .
. - After the "break-awasy" tests have been completed, . the
coupling remains engaged for the purpose of recording the
kneading values (dynamic consistency). .To measyre 5 break-away.
“yalues at .5 different temperatures, 3% hours are rcquired. If &
curve based on 3. measurements is.considered ade uate, for
instance, the initlal value, middle value,. and the final-value,
- then there is the possibility of testing 4 to 5 greases in one
_day. .. About 100 grammes of grease are required for the test
As already stated, this test method has the adventage-that &
grease can be tested.in one process without renewing the grease,
or heating after the break-away" test and. then re-cooling to the -
test temperature;. Por. example, if the grease "breaks awag".at
~20°C., heating to xnoom temperature, cooling agdin to -20%C, o
and again "breaking away', . . Also, it is possible to transfer to
-Tower test temperatures without first heating to a higher tem-
perature (room temperature ), ‘A1l that is necessary when going
to another. temperature is a pausé of 15 minutes a?ter reaching

this- ‘temperatures
I. ts of penetration tests.

” } : : : RN
The results of penetration tests onlllkdiffarent greeases

D.  Test Resulis.

~are shown . in Curve. l. T TR _
. .of the grééses.investigatéd,,B.Show definite points of .
" inflection, moStly-at’aboutw-2Q°Q{_~ The greases in quesﬁion are

§




s

'é“éﬁ&“éi?*‘ The curve for GreasewNo. 7vhas an

inflection point at -5°C., while that of Grease 12 has en

inflectioil at ~14.5°C, . After:the inflection, the curves become
more or less stesp, Grease 4 has a flat, linear curve, while
greases 8 and 10 have linedr curves, which are, however, steeper
~than the others, All the curves intersect more or less, so
that 1t appecars to be very difficult to obtain a good charac=-
terigtic ocurve for the greases. - I%t.1s clear ‘that greases L
and—-3—tad—the-best- 5o arc absolutely Bor greases,
which, even when subjected to0 -extreme. cold, still have a fairly
thin paste-like consistency, and may therefore be considered as
cold resisting. Greage 1 'has a depth of penetration of 140
(arbitrarily fixed) units, and its characteriastic curve is easily
the best. = Greases 4, 7, 8; 9, 13 and 21 can perhaps be. con-
gidgred medium=-hard, and greases 10, 12 and 16 medium-hard to
B.I'- .

Since, as~a1ready stated, it is very difficult to arrive at
a good. assessment of the greases.by the test method suggested by
Richardson, 1t is obviously even more difficult to bring the .
consistency ‘values into line with practical conditions.

The measurements of the starting and friction resictances
in the DVL. test apparatus appear to be more suiteble for such

»,a comparison.

The test results obtained with the test apparatus described
ghove are. rclated to the tempcrature and plotted in diagram B -

The nature of the curves. shows the different starting
behav1our of the individual greases, The measurements were -
spread over a temperature range from -10° to =70°C, The starting
resistances were meéasurcd on &-bearing which ran with interpup-
tions. The measurements show good reproduceability.: Diagram 4
‘Bhows "break-away" values which were directly recorded -on the
recording strip of the indicator, Conclusions can be drawn:
from the agreement between the maxima about the accuracy of the-
measuring process. - The position of curves 1 to 7 indicates

~—that-they are soft greases with a fair resistance to low-tem--

perature, while greases 8-14 are fairly hard, 15418 are of hardf
and 19 and 20 of very hard 'consistency.. While the "break-away"
values of 1-7 are relatively close to each other at -50°C., some
of them tend towards the ‘danger area at -~650°C. - Greases 1-5

- give readings-at ~70°C,, from which it can be concluded that  *
grease 4 ia close to the 1limit, 'and that grease 5.is well beyond
the permissible dégree of éold resistance. Of the other greases
investigated, Nos. 6 and 7 at ~65°C: have a sufficient resistance
to cold. Gresses 8, 9 and 10 can still b€ used at -65°C,

- Greases 11-14 are adequate at —-559C. Only greases 15-20 were

~,comp1ete1g inadequate at low temperatures, l.e., at temperatures’

. below 45

. such as are encountered in high altitude flights.

The experience of DVL. was that no grease whose "break-away"

‘value at -60°C. is above 13 consistency units. (likewise.an 3

- arbitrarily fixed unit) can be considered resistant to low
“temperature. - For the present, this value was. selected as the
limiting value. - Further tests being made by DVL. Will explain

: exactly why this 1imit was selected.

¥

" Data were also obtained about the influence Jf the cooling
timey - It-was foundithat this.influence was not apparent,
whether the break-away occurred after-a pause. of 15 minutes
half-an-hour, or an hour at constant test temperature.,. I the'

reak-away" experiments. were continued:-to the end, that- is to
g& terminated after being repeated five times, they werg”




generally follcwed by the kneading test, that is, the determina-
tion of dynamic consistency on a bearing which is running without
- -interruptions,  After determining the worked value and the time
' of cooling which followed it, the same "bresk-asway" value was
observed after a pause of 16 minutes as before working (Fig.5).
i-In none of the cases-investigated was a maximum value observed g b
" after various cooling times, Tests made on the same material . = uwrwﬁwuw\w §
n-di nt-daysy-under-the—seme—test—condtttons;gave—the—same— T e rock o

Rk

© - values.

IIT. Results of.Friction.Resistancé Tests .

'In the investigationsg on'greases 1 to 19, the curves for -
the friction resistances (dynamic conSistencyS generally gave a
similar order of rating. For better comparison, a larger scale

- ' was selected for the points plotted on diagram 3. '~ The test time

© Tor determining the friction resistances was 6 minutes with the .
- ‘bearing running without: interruption. Curves 1 to 5. were in-a
different order to that of the break-off curves., .The curve fon
" grease 5 had the flattest slope and the lowest consistencies at .
-66 and -70°C.. The curve becomes much steeper below -7Q%C., . .
than -in the case of greases 3 and 4, which have equal consistency. .-
values at -650C., but different values again at -709C. But
taking into dccount that a much larger sc¢ale” was used, the
~y difference” of 0,6 units between the lowest consistency valile .
""" (grease 5) and the highest value {grease 2) cannot be considered
very pronounced. . BN : ' . :

. Comparing curves 1 to 5 with curves 6 to 19, the greatest
. difference is seen to be that between the angle of slope of the
- .T..curves. Including No. 6, which had only a comparatively slight:
‘tendency to resist: solidification at low temperatures, the greages
are almost exclusively in the medium hard or hard region at o
- temperatures below. -60°C, ' This means that ‘they can’ only be uséd
~under certain conditidns, after working, at_temperatures of . . *.
-60°C., and below., It can further be stated as regards these
tests, that greases 1 t0:-5 on working can be’ used widthout
limitation at -709C,, and gresdses 6, 8 and 13 are‘ serviceable .
under certain conditions at temperatures round ~70°C. 'Thé other
‘“wmwyﬂﬁ;greasea,Mhowexer4_failmqgmplgtcly at higher temperatiures, grease
: 19, which is the leg t‘cold—resistant! being completely useless.

.~ Evaluation of Test Results '

' I, “Penetration,
e : . | .

- It is not possible to raté the greases as to low temperature -
behaviour on the basis of values given by the penetrometer. This.
brocedure makes it possible to draw cdnclusions about the degree
of Tlow resistance of the greases, but d6e§ 1ot admit of compari-"

.- 8ons with low temperature.behaviour inspractice.’ Also, the .= . ..
consistancy figures. obtained by this process and. those made .with -
the DVL. ‘test apparatus do not agree. . :The tims required for
the penetrdtion test is very great, since the greases must be -
re~cooled again and again. ' E )

A much better-result w£s>oitained’with the test apparatis
developed by DVL., which was evolved with practical conditions
in mind, and:gave reproducible results, S A

2 The-investigation of chilled greases which were run in a’
- ‘bearing having}an.interruptéd'puﬁ,'showed'"break-away"‘valuesj
which make -1t permissible to rate. their resistance to low. . -

temperature on this basis. With this method 1t wes possible to




- measure the limit of low temperature dependability., This limit

value was selected and fixed on . the basis of. the experlence of

. DvL, It gives data ‘gbout the.failure of greases at certain :

< ‘temperatures. ' In practice, the resistances which are encountered
in the steering gear when set in motion or in other bearings at
;- low temperatures may not exceed a certain Pigure, If the
" 8teering gear is only slightly moved as 1p the case in flying
- gtraight £ ong_digtances, peratures,—i-t-may—;
- hard--through formation of crystals. This 1s a source of grave
- - danger -tq machine and crew, which can only be reduced by using
‘in the controls & -cold-resistant grease which complies with every:

requirement, Unanimlity has not in practice been reached as to. ,
the maximum force which.ls permissidlc for the freezing of the
control details. On the basis of the experlence. they have
gained in investigations on many greases, DVL. laid down the

. Tlgure of .13 units of consistency at -6060. Further investiga--

.-tlons will bYe directed. towards discovering; whether this useful .

» low temperature limit can be displaced upwards or downwards. It

.may be stated with certeinty that greases 1 to 4 do not fail at

extremely low temperatures; and do not offer a very great resis-

. tance to the free operation of ‘tie control parts. -

IIT. Fr;éﬁion.résistanéeé' ‘ haﬁic consistency)

<. 7. 'When greases are tﬁoroughly~worked,“he conditions are
. somewhat ‘different. Here 1t is important to determine whether,
"..o»when £low resistance is' high and - the.bredk-off has occurred the
-.gear parts rotate in-a cavity which has been hollowed out, or
. Whether the grease cean aggin be re-circulated to the bearing,
in conseguence’ of its thin paste=like {soft) consistency.

- .-In the first case one would be dealing with greases which
‘have been-given the.degignation '"hard" or "very hard" on the
~basis-of .investigations made on them. = The danger of dry friction
~is very great here, for to begin with only a part of the erystal-
line texture is broken. The period which elapses before the
whole structure becomes a paste of grease and crystals “will be .
.very long. - This makes itself evident in the working test from
the fact that, after the "break-away" the curve falls rapidly,
and then, however, the pointer of the indicator is violently =
arrcsted. -  From this moment onwards the curve only falls very .
slowly,. S U :

In the thinly paste-~like greases the Wwhole.structure is
destroyed immediately. ~ The kneading very soon produces a paste
of grease: and-crystals, which gbsolutely -eliminates the-danger. : -.
of dry friction. This is .observed on' the recording inst;ument,
as a slow but steady falling of the indicator curve until™a

minimum is reached, « .

In conclusion one can say that greases 1 to 5, which are
~known -to be outstahdingly soft gresases, can be used_even at
temperdtures below =70°C., even.when from time to time the . .
‘bearings are not running. The médium-hard and hard greases must,
‘however, be fed into the bearings with & certain smount of S

caution, ‘

. ' Fa Summarx. ,
An‘ofiginal apparatus has been evolved for investigating
. greases, which o '.‘, , o .
1) ‘Requires comparativély small,qﬁantities_of grease

2) ‘Under certain conditions permits the fempgrgfure to be

rapidly adjusted
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. Makes it possible to carry out contimious measurements.
. .Guring the pun, : P

- In this way a characteristic curve was established for the
greases, based on the behaviour on "bireaking away" and working
for a long time, after cooling, : C .

. § i g of' greases which
are produced, emperatures,
the stability -Were not investi-
gated in the e regarfs the - R
question of re ture,. it -appeais that 1t is
quite possible by using - Buggested here to lay down
the allowabl values, the number of greases in
use, . . . S e e
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~ 4) Bericht der I.G, Farbenindustrie), Experiments‘with lubricants

in the cold, Vers.Bericht, Nr.296, Techn.Prﬂfst.Oppau 200.
’ Table 1 '

Description © . Flow - ‘brop - Ash Water AlkaIi No.
of Gregse_ / v S Point  Point % .%‘_ mg.KOH,
61 1,04 0,5 - 0,178 ..
73 1y84 0,15 0,011
68 : 0;43 - 0,0. - 0,258
: 1,99 traces 0,561
1,82 . 0,4 00,140 .
8,50 ' - -
4,12° 0,0 0,841 *
0,55 traces -
1,65 " - 1,290
1,83 ", 0,791
8,48 1,0 0,522
1,34 0,4 0,101 ..
4,00 ‘4,0 QL
1,10 1,0 1,6+)
1,87 .0,1 0,196
0,97 traces - " -
3,12 3,0 -
1,50+)tracesu -
-0 0. "~ 0’

W

v =y
N e

+)statement of produc

Fig.1, Richardson's penetrometer, : SR
I1.G. apparatus fop determining "break:
Apparatus; DEA R : :
values recorded in’ the 'DVL -consistometer
: testaIZ5Awas'carr;ed‘out‘ipv

son. method. .

¥ (break~away values).
oy (worked values),. .
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Determination of the lead tetraethyl-content of fuels by rsans (.1' X- Y
absorption i

u.S .
P v m.olv the. lead tetrasethyl content wasg determined ehemicaily.  Taks @o
" ex2lly tool a st ot tims ond required chemi enl training. During the padl
e simploiied, vapid mathod was aevelopad in the Stuttgart Research Institut oy
which weduzos whe:necessary time to 10 minutes,

The mcwl‘ou rec. smended in the. present report depends on the absorption of ’{—*uys
" pascirg through & layer of leaded fuel. The manipulation is rery easy.

Tach leed detesmination takes about 1 minute., The method is parp%,wla.cly
suitable fqr roubtine examination. :

_:_E_:.dc*c
1. Jintrcduction :
2, . Experimental Arre ngument
5. Absorption curve of X-rays for i‘uels.
. Measurements .on gasolines of various densities ond compositions:
'{ a) Determinatien of thé 1ead tetraethyl content for equal 1ayeu: thick-
. nesses

. ; b) Determination of the lead tetruethyl contént for equal welghts
5, Consideration of various ‘additions
, a) Sulfur '

b) Peroxide : :
6. ‘Fuels containing Benzens and Alcohol

a) Benzene

b} Alcohol
7. _Suiteble Test condltions
8. TFurther Work
9. e )

Index of q*'mbo]s
Par (entage we.ignt of ethyl fluld
o " Lead - .
- w- % Bromine
Tuickross cf Fuel Layer in cm.
_ Density of unleaded £usL, " am/ee
noooon leadéd‘ " "

Absorption CoeBficient of unleaded gasoline

Mass absorptilon. cosffi cient ‘o the ethyl fiuid with exciusive rei’eronce ’
to lead.and bromine content .

. Mass‘b absorption coe'ffi;ient of Lead-
P . 0
" Tt " Bromine .

Intensity of R&diation ‘before the fuel layer . s
Lo a:f‘tar passage through the leaded fuel
" " Tow . " unleaded fuel

Intredvetion

The knock tendency. of carburettor fuel limitas the outpu* of spark ignition
engines, -In genoral, the highest output mey be expected shortly before . thé”

knock limit is reacbed ‘when compressicn or boost pressure is increased,- This.
. creates the  demend for fuels whose anti—knock values are as IArge and as constant

as possible.

\ﬁ
In order to cbtain the desired, ochane number, the "'equisiia amount of lead tetra- }
ethyl is’ auded to Tns fuel in tha Porm of’ ethvl fTuid. : , .
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It -is necessery to obviate the detrimental corrosive effoct of tl:.r.e 19ad d.j.sxide;
tha latter has a very high melting point (BOQOC)‘and is thus eas:Jy_or—:p{)s;md in
the combustion chamber. For this rezscn ethylens dibzazide ‘mixed with lead

tetraothyl in tbe ethyl fluid, in a definite; constant S X L{i{&’\' ;en;lt
Tvd Sl

sowontly Tacilivabted,

- The ebly usad in cerc-engines is compoced thus: i‘

© Load Tetrastayl 1°b(62}15)4 '  61% by woight ) s i
Ethylene Dibromide . Z5.65% " " T
Colouring matter, petroleum & : : . .

other additions R.,924 " . W
Dengity s . 1.755 gm/cc
Voluwne matio of ethyl fluid to .
i lead tetreethyl . 1.531

[

T 6s has the following composition:
Te , ' ' 63.5 % by weight
Etbylene Dibromide _ 25,75% - " "
- Ethylene Dichloride (CH2)201_2 8.72% " o
! Colouring matter, petroleum & L T
other additions 0.32% "
Density : 1i67L gm/ce
Volume ratio of ethyl'f}uid to : R
‘ Lead Tetraethyl 1.561.

Up to now the content of lead tetraethyl in fuels has been determined by J :
chemical methods, and until recently, one lead determinrmtion required a very ..
long %ime. Only during the pust year the time was roduced to about 10 minutes,-
while maintaining an accuracy of plus or minus 0.003 vcl.percent.

\ . ¥ . ' ; : R

A : -, }
A new ‘Eyz‘bljfod has now been developed at the F.K.F.S, This makes it possible to -
determi'ﬁej the lead content in still less time by means of physical measurements.

According to a propdsal by W,Gross, X-rays have been tried and have since been

most ugefully enploysd in material twsiing. The principle of the method is to
use the absorption of X~rays by passage ilrough/certain thickness of fuel as a
measure of the lesd content of the fuel, The usefulness of this idea for lead
determinaticns depended on .whebher it was pessible to register differences in
intensity of ile Z-rays.by simple means and with sufficient-accuracy. A

- measuring instrument of high sensitivity bas been known for a leng time, This is

the Geiger-Miller counter which 1s very frequently used for physicel investig--
ations. But this instriment has not yet become suitsble for industrial tests
because it works too ‘irregularly and because its menipulation demands toc much
experience. In the last few years; however. Trost hes devalcped technical
counters which have been applied to the testing of materials.

‘Essentially the counter oonsists of'a cylindrical metal tube of diemeter fram a
fow mm. %o & Tew centimetres.. A.thin wire, insulated from the tube by ambex
discs, is led through the tube axlally. This arrangement is enclosed in a glass
tube which is exhausted and then filled with a gas such as. argon or aleohol
vepour. A DiC. voltage of 1000 V ~ 1500 V is applied to the tube, ; The
intensity of X-rays may be measured with this tube., - Co , -
Experimental Arrangsment ST

The experimerntal arrangement comsisted of ‘an X-ray installation and a sounter
with amplifier {Fig. 1)}. The small Kristalloflex X-ray:outfit, made by Siemens

-and Halgke, Berlin, was used with the Micro~50 Apparatus of C.H,F.Miiler..The

counder was s inberference counter cons_tr_uctéd at the Reichs+X-ray institude,
end wasz designed for investigation of the fine struc¢ture of the X-ray spectrum, -
and is eble to measurs X-ray intensities with high accuracy. The intensity is
no longer obtaized <rom impulse—counting ‘which had been the usual method; instead
the counter current is read on & millismpere-meter. This amounts To an ‘

. -enormous gimplificasion é&nd permits rapid comparison of intensities. The

amplifying apparasus of the Reichs X—ray‘;nstitute was uged, - It is built for.




various ranges of pensitivity end inertin,
the pracept simple abgorpilon experiments,

the sake of ocimplicity, the furl was p
z placed betwecn the X—ray tube and count
a »

m, shick of ¥.G. Refsrenca Fuel,
on of wadl averglsy, with (,cm'e‘xt""wiw
ooy "‘L’xc'l with the- f . arrengement desoeriited zhove [Hig.2).
The semc vavia"mn vios cbtained for other gasolines. - It will bte ghown bslow
thet the same u:-"e « ] obtained by a simple theoretical eonsideratio; which-—
ntion of tks' influence of the sature of the fuel on %he

———

The reducsion of- 3 the X-rays waich is ccmposed of losses due tar
absorptiocn . s L g irg, i3 coussd by the a,oms themselves, I

5 v u‘LL 21 an- element 1s present as a compuund,
mixbure, a liqu 1 a solid. Only the number of atoms of the element, concerned,
counts., THe roduction of imbensity is measured by the absorption coefricient,
B, or the mass absorption woefficient u where g is the density of the element
in guestion, g

If a laysr of thi cknesé D of an element of abesorvtioua ! ~ficient u is irradiated

with & parallsl beam of a définite wavelength; then %u | ity ¢f the radiation

(tre energy of yadiation inéident in one second on a pidus 1 om suere at right
‘angles to. thes direction of radiatlon) after passage through tne iaysr is
= T e"".-“D‘

e inbtensity before passaga,through the 5.33:61',

For mixburss aund chemical combinations the expression beccmes

where(&\ etc, are the mass babsorpt'io'n coefficiénts of ‘the elements waich'are
—g— coptained in the substance at concentrations by weighte(l

It can be seen frem this e)@rass:.cn tiat in ordsr to be able to ﬂeuermlne the

; con"entratzon of lead tebrasthyl b*/ means .of “the abgérption coefficient of X-

rays, the conGition is that: d. 1, for.lead te*’raethyl gshould have
a certain minimum vazluo &8 oo:n;ared with &¢ -the co*v'esponding values cf the
other constituents of the mixtures  Since w, only emounts to O, 3% by wt., u for
lead btetraethyl must be very large compared to the corregponding value for$
gagolir * This isuctually the case" the gascline is builb up of atoms of low
atcmie nunber snd the mass absorpbtion coefficient is approximately proportionalv
to A"” ; where - X is the wave—length anG Z is the atomic number. = §

Soveci fi c Ra duetion Coeffisicnts of—Seve ral EJ._.mént <]

v

- o e

Voltagse-
_in volts '

30900 - 0.40. 7. x) ' 0.245 0,34 1,73
24700/ 0,50 ¢ ) 0.3i5. 7 0,82 . . 3,5
22500 2,56 0.4 0,407 7 0,68 x) S4.88
19600 - - 0s63 - 0,485 0,474 0,800 - © a2
{nterpolated e )




The specific’ reduction coefficients of “the eléments of intﬂere.st‘may ve. read
off from Table I. ‘ ' ‘ : Voo

' The ana2lysis of the gasolire (J.G. Refowen Tuel) zava hha & gition os
iy s

05.2% by wh. of carbon and 14,8% by wi, 1voson, A
' asntinuous, spéctrum iplictt

«thy, KE
, but its effeci is orite stailar
semt in the lead totou-
somparison; similarly
atomic number. '

#he various leaded Fusls.
igeding was howsver taken
. C ongeoge. through the S.G. Reference Fuel -
with éifferent concentratbion ethyl fluid, measurod at D equals 15,86 cm,
s B squals 0713 gr/cc end a working potential of 22 kV were thsge ! .
imbuat of @ filuid in 1000 co of fuels " ! )
0,51036
0,50
G, 50342
0,00192
0,00105

g, 2, One could

1 akscrption curve,

picyed 1n $he ation could net Yo dstermined with ’
becauss She expsrimental arrangsment was orly set up for

Fxca the experimental curve, ome-may &lso,dbIsrve the accuracy of the intensity
ad

3
measurements;” The ascuracy of the lead coabent determinabion by this method
15 chowa. d 4, at a copcentration of 0.015% by v .L. in en
error of abou by vol. . and/ a concentration of 0:12% by vo
an ersor 3.005% oy ol T.B-I. ST IR :

cn_gagoll semples of different. &
‘he gasoline samples differ in densgity arcd r:.hr—vuical‘c,onstit tion.. It is
 @ssentiai for X¥-ray anclysis that tha propsrti ~ garbon and hydrogen alter
‘only very slightly (according to table II, colimn 2, fwom. 85 to 8Y% by wt, )
Such an alteration has little effect on'the absorption of Y-rays since the
specific reduction coefficients of carbon and hydrogen ‘only differ slightly

{at 22 ¥V 0.40 for carbon and 0.44 for hydrogen)

a) Heesurement of ccneorbration of T.E.L. for egual
i ! N . /’- B . .
gual thicknedses of ths layer it ig evident. thzt similar curves for
f1udd will be obtained with different fuels, . For in-e ual volmies of
. Siofiuld by volurio 1.3 ¢ re of at
23 and - hroming Wil if tha concenitration of ed

. N 4 -
v




same, This means an equal reduction of the intenaity of the X-rays. (see
paragraph 3), The séme may be seen fram a consideration of the intensity -

equation: E"Q m_ % §

g‘m of the 11'113'1 £luid por uaih of suzface. ’

The gwcond factor is proporbtivsal to the volwmns concentration of othyl flaid 1
the Yerms of higher urder are uetledted . The first factor varies very little
ardons-concentravions in ths same gasoline, .

’ ' to T -
S The tabarnsliy of the unieéded z9501iné Lo, foref =

Iy = Jo. ® (é Q D.
s Sopanden 5on ) 16“.'ty,‘ becéase of the constansy of D and & , This’ may
ba ssen f1vw Tatls 7L, 4bh column, where the calculated valuds of J’u/.'l'
been antersd.v ‘The third column gives the ex’per_mental results.
The, s;u*t*)_t, with constant 1nt\.n51tj, T., the absoz-ption curves in tbhe
. intansity Giagrem myst intersect the ord].pete at daifferent heights., These
families of curves have been entered into Fig. III. It is only nécessary to
measure the density of the gasoline ‘after.carrying out the intensity measure-
ments for the leaded gasoline, and read off the concenitration.of lead tetraethyl.

If The unleaded gasoline is available“f’or a campariscn expariment, them, by.
interpelating in the family of curves in Fig. III; the lsad tetraethyl concen~-
tration can be deiermined directly without a density dstcrmminetion, "

If & comparabivemeasurement camnot be carried out it is assumed that fc};ls
congtants of the instrument remain the seme, 1.e. the same deflection of the
milliemmeter is obteined: for .a given intenoity cf radiation incident on the
counter, Exporiment has gshown that thiz lg “he case over a sui‘ficienvly long
pexricd of Hima..
h) Dedsominetion of the céncentration of lead ﬁeﬂ:-aathyl fer
constant weights, .
For equal valuse § D, i.e. equal weights of unleaded gaboline per sd.cm.,
equau:.on (3) ’ndicavae, that the intensity of radlation I wi]_‘l. be the same.

The Tesults of the meag u.rnments have been en..ered in column 5 table II. These '

agree w:.th the udlch'&ted values of column [ ..o a smfic:.ent degree of accuracys.
Again it is the gacond fector in eq_uation (3) which meinly dtermines the 1ed-
,uchion-of inteneity becéuse ths first factor alters only slightly with in-
“credsing lead content and alters similerly for all gasoline ssmples. Morsover
for equal lead content <{  is approximstely inversely. propcriional-to-ths dsn-
sity $ . Thersfore different gasolines of different lead combent will give
curves in the intensity diagram whick, fhcugh starsing from the ‘same pcint on
the ordinate, have different gradients corresponding to the difterent densities.
Vo u\
'In,this method as in prbvious ones, a weighing has to be done i’or the det-
erminaticn of: the density. Theére is the advantage, however, tha/t in order to
obtain the point of intersection of the absorption curve and the ordinate one
can make a comparative measurement with an unleaded gasoline waich nsed nob
even have the same density. This latter method would be advantageovus L1i ons had
an epparetiis whose ~,exusi‘t;iv:l.i',y does, not remain’ constant over a longer reriod’ of
timc, .

"

o . : ' ' e v
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Consideration of various edditions
Sulfur content

eve-*age vdlue, however, amounts to 0,01l to O. 02% by. wt;.
Column 6 oi‘ table II gives thé value of the rafio. of intonsities J'u/‘T0 *‘or J.G.
Referonce Fuel with an addiiion of 0.05% of_gulfur measured for ths sdme weight
per sq. cm. It is about £% less than the raio for pure gasoline; thus it
would just be noticeable in the measurements It can beé assuued, however, that
and the sulfur can
be neglected in most cagses. If a measurement with the unleaded gasoline. is
_possible, .then the error introduced by the sulfur content would cencel out and
an accurate detemindtlon of’ the concentratlon -0f lead tetraethyl ‘can be made. .
b)' Peroxide A
Peroxidss are formed ‘bhrough long storage oi‘ i‘ﬁels. 'I‘ney do not, however,
smount to more~than l/L by wt., which 'is equivaient to 0.89% by wt. of oxygen.
This does not affect the'measurements very muc}:tJ becuuse_the mass absorption
coeffiocient of oxygen does not differ very mue from that of carbon. -
The inten ity ratio .]'u/.T hes been ente¥ed int 1 colunn 6 of table II and
calculated for the glVenoconcentratlon of . perd tides in J.G, Reference Fusl,
will be seerf that the value given docs not ven ‘differ by 1% from the value
‘for pure gasollne. The exrror is thas within % lfe limits of ‘experimental error,

Fuels containm Eanzens and Alnohol. /

Alcohol or Benzene is sonmetimes added to the fuel in crdsr, to diminish its-

. tendency to Knock, Benzene combtains 92% by wt. of carbon which is considerably

more  than i‘or*gasoline. :
; - . . . 1

0 e) Banzene Content —

- ‘I‘he results of measurements carried out w1th a mixture of 60% .G. Relerence

‘Fuel—and;: 40% Benzene are shown in n column 5 of table Ii. TFor équal weights na-
difference, &@s against pu.re gasoline, is found. For this concentration of’
benzene, calculation gives a value whose difference from the gasoline véiue is
within acouracy of -the experiment.‘ For pure benzene cne obtains an ;Lntensity

. ratio wh:.ch exce ds that for normal gasoline by 3/0. )

b) Alcohol Content

Experiments pomt to & somewhat larger effect of oxygen content than would
corréspond to the calculation. The reason for this cannot be ascertained with-
out further investigation., If alcohol is present one cannot determine the
concentration of lead tetraethyl without a comparative measurement with unleaded
fuel. On ‘bhe other hand, it may be carried out without difficulty if the -
intensity J,;, for the unleaded f‘uel can be measured, because the absorption curve
for ethyl f&uid always takes the same course. .

Since alcohqﬂl, as opposed to gasoline dissolves in water, the alsohol may
simply be .extracted with water. Lead tetraethyl and ethylene dibromide. do not
separate with the alcohol. Af increased concentration.of lead will thus be
found in the residual gasoline  and the final result may easily be corrected.
A simpler procedure is to renlace the alcohol extracted witn water by unleaded
gasoline; the correct: concentratlon of leed is then obtalned direotly, -

Suitable '.I.‘est Condif ona.




The determination of the concentrdtion of lead tetrasthyl becomes more .

accurate as this ratio increasingly differs from unity. The ratio increases

with larger mass absorption coefficients of the ethyl fluid i.e. of lead

and bromine, This will be the case 1f ons uses longor wavelengths 1.e. lower
working potentials. It was for this reason that the lowvoitegs of 22 kV was
used. ) ' .

Ju/I algso increases with increasing _of_ 2 n i.e, the weight of ethyl Fluid

- pér °sq..cme This should mearn thet - 100 ~ohe would do best to use a long
¢olumn of fuel st the same concenfration of lead, but this is not confirmed
by experiment. The experimental maximum for J’,u/J' is at 22 kV and with & layer .
thickness of 16 cm. The reascrd for this is the scattered radiation coming from
every point irradianted by the X-rays; erd this scattered radiation increeses
with increasing keoight D. ' The distunce of the tube is not  important as long -
as it does not become too large. : ) ) co

" Further ‘Work. . -

Up %o now the errengement used is still a leboratory apparetus. It nay -
however be déveloped. so far that it would putisfy all practical recuiremnsnts.
. Without much difficulty it will. be possible to construct a portable instrument
for these examinations, for X-ray units are aveilable which would satisfy the
~ requirements and have -dimensions 20 x 45 x 35 cm. One might have to_ add a ‘
. voltage stabilizer in order to emooth the variations of the grid voltage, This
need not occupy much space. ; . S o 1
It will be possible to develop a small amplifier with a counter for the :
present purpose; this .could ‘ve made simple to operate and of sufficiently - .
congtant ‘sensitivity. - ‘ A }
The ‘adventage of such X-rey measuring equipment would be particularly import- -
ant in pldces where large numbers of detsrminations have to be made. Oné
determination does not take more than a minute and the concentration of lead
““tetraetiyl may. be read off fron a millianmeter. or a curve, Screenin’g'would
make the radiations completely harmless. . ‘ o ’ '
If a mains point’should not be available, once would havé to generate voltage
for the tube, The consumption of the valve is orly about 1kW, .

Sunmary

W. Gross proposed that by using the reduction of intensity of X-rays it shoul
be possible to determine the: concentration of lead tetrasthyl- in a fuel with:. .
an accuracy- of 0.002 ~/0.003% by vol. of T.E.L. He suggested using a counter
and his method would require only & very-short time; thus facilitating series
measurements, . Results of still greater accuracy are to be expected with an
apparatus developed especially.for the purpose. i ‘

The measurements may bé.carried out in two ways:

1. Measuring the absorption of the ray$ after they have passed through the.
leaded fuel while keeping to.a definite thickness of the.layer. After mbas-
uring the density tho concentration of ‘lead tetracthyl.can then be found by
reading off a chart, . T : SRR .
-2, Carrying out the measurements with a definite weight of fuel per unit- of
area. After detsrmining the density ¥he concentration of T,E.L..is ggain
read off from & chart. i ) :

For thoss messuremsnts the unleaded fuel need:ot be available, This is of .
- considerable importance. ’ : L

Tt is further ehown that the effects of peroxides and tHe usual. sulfur
impurities may be neglected. A conient of % benzene- does not affect the-
results either. On the other hand, even a smell concentration. of alcohol is
noticeable. If, however, One cAn CATTY OUb & comparativemeasurement with

the unleaded fuel, the concemtration of T.E.L. will again be measurable with




the accuracy indicated. The alcohol may also be extracted witk water,

~The T'vrther problem will be to develop a simple and robust inctrument for.

) praciical use This.should.not-mest w‘H"h agny.-ditLy cuis "nt-" in neincipie.

: Table TI
Cuu:'.avison of various fuols witvh equal 'bhicl:nesses of the 1ayer and with equal
welghts on-unit areas. The eyp;rrunenual data in .eolumn 3 and 5 rapresen‘b
divisiengs on tp'—x milli amnetem

Column ) 1 _ 2 3 4 5 6
- -
) Density /To @equal 7, /.T at equal whs,.
Fuel . Composition en/ce %hickness Yo. 85 gm/ cmg '
) . ’ : D = 15.6 cme .
Meas, - Cale.  Meas. Calc.

" T.G. Ref.Fuel es.z%c 'pl.l4. B%H 0.713 66 ¥ 0.7 0,0120° 62 £ 0,7 0.0128
““Rumanian : S S St [
. Gasoline - '~ 85,54C. " 14.5%1{ 0,726 6115%0.5 0.0102 52 % 0,7 0.,0188
.GV 2b Hitz~ : , ' S : :
- acker app.87%C pL,13%H  0.7$3 42 T 0.5 0.0067 62 ¥.0.7 0.0.39
SVE 706 b , i L ' '
Hitzacker L Mo 0,791 41,5 T 0,5 0,087 6L © 00,0139
. 60% T.G+Raf, ' ' ’ : '
Fuel plus 40% ’ . _ S o T
Benzens . 87.97C pl.12. 1%1{ 0,781 , 61 % 0,7 0,059
- 80%:T.G.RaL, S s . Lo A
Fugl-plus 20% [ ) ! -
-:Aleohol 78, 670 pl. 14 4B 0.727 20 %o 055" 0, ooso 5% 0 0,018
S ' Ny ple 7RO T . S
" Alcohol - B2.8274C pl. 18%H - 7 . * 0.5 0,0050
S T .- ple .:’4‘;;) S ; ) R e
- Benzens - 924C pius 87H . e : 0.01435
J.G, Rsfimel JI,G, Raf, Fuel with'~ Lo i - 0,01536,
pl.1% peroxide 0. ?9% : ‘ !
J‘ G. Ref. F'zel ) : - g
1,0.65%: -J.G. Ref. Fuel with: o T L 0,0135
Sul_f'gp ”.\’ St ,‘.o 05"’08 ! N Ll . O ORI

Figure I
Experimental. Arrange'uent

I‘:lg eI

Calc\.lated and ‘observed -values .T/J as a function of the: con}entr-&tion of lead
(.T.G. Reference Fuel) :

w J - intensity bsfore passage through, fuel layer TN

AT - after .. v M " e ' .

! Tigurs IIT

Raulo of il.+enk,itles T[T as & functvn of ‘the concen-.ration of 1e&d at bequal
1a:ye~' thickness and vury?ng densny of the. fuel 3 B : .
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(3) Influence of varied valve overlaps on various .fuels

in the DB 601 enginea

. Before describing the results of the tests made to determine
the influence of a ochanged valve overlap on an engine and various

- fuels, wo should like to glve a short. survey of the effects of the
valvo ovorlap. .

Whilst in carburottor engines the amount of valve ovorlap 1s
limitod becguse scavonging causes losses of fuel, it 1s possiblo
- .with the fuel-injection system to.apply valve ovorlapa extonsively,
‘and 80 to obtain consldorable scavenging of the dead space. Thé
oxtent of scavonging deponds very much - apart from superchea¥ging =
“upon the amount of tho valve overlap. At a small valve overlap
only a little alr 1s passed through since the time intorval when
tho inlet and oxhaust valves are open togethor is rather small,
But evon with a small valvo ovorlap the volumetric efficilonoy is
incroascd quite considorably,. since the comprossion at the ond of -
tho oxhaust stroke caused by throttling without an overlap is
eliminated, Partial filling of the doad space with air, snd
approclable scavenging will bo noticdable only whon the valve
overlap 1s approximatoly. 80° With increasing valve overlap the
.scavengling bocomes quite considerable and there is also a cooling
offoct on tho hot exhaust gear, These effacts produce an increase
©.of tho brake horso powcr of the onglne on the single cylinder
test stand, whore tho compressod boost eir is tekoen from a ‘plant
not driven by the engino iltself, Tho incroase in power 1is
-smaller in a main engino operating its own blower, since with an
increasing alr flow we have also an increase of t he supercharger
drive power and - s0 a decreaso. or the brake horse power.

Tho scavenging of ‘tho dead space alters the thormal stross
on the engine because the air f£lows past tho hot "inlot and’
exhaust gear, ond so has a great influonce on the tondoncy to

_detonation, In our tests hero wo did not deal with this question.
Wo rofer, however, to the cxteonsive tosts concerning the knock
beshaviour of the DB 601 ongine with varied valve ovorlap and
various fuels of the samo and of a differont octane number, -

. already made by the Institut flr. Botriebstofforschung der DVL.
Their results are being preopared for a 'report on this subjoct.
In these tosts with VT 702 & 0,12% TEL, tho knock-limit curvos.
wero plotted as a function:.of tho~booa%wairé%ﬁmﬁeraturo and valve
overlap, and made. it possiblo to explain the knock bohaviour of
‘the DB 601 ongine. . I . - -

. "Tho evaluatlon of ‘the tost data was undertaken . in the light
-0f the knowlodge gained by the short survey. given above. The

fuel loops obtained at a boost-pressure of 1l.15 and 1,3 atmospheres -
‘ean be geen in fig. 19-21 for 5 different fuels. With a valve

" overlap of 40° ¢rank angle in fig. 19, we see the already well
known pilcture of power-increase with incroasing latent heat of

‘the fuel. Under tho selocted working conditions knocking in the
engine did not occur. Figs. 20 and 21 show a similar power
incronse of thesc fuels at tho same boost preossures-with increasing
latent heat. Lator on we shall montion tho. power increase and.
the rolation to the alr-flow 1ncroase a8 n function of the overlap
for the difforent fucls, At a valve overldp of 80%T(fig. 20),

~-1t should bo noted that, at a boost-pressure of 1,3 atmospheros,
_tho ongine has entered a rather large knock region which has -
1hcroasod in sizo at 120° vdlve overlap and here knocking ‘oceurs




.even at 1,15 atmospheres, as shown by fig. 21, This phenomonon
1s really in contrast to the fact that an increased valve overlap
produces & better scavenging of the residual gases and a better
‘Internal cooling of the engine, thus veducing its goneral ‘
tomporature condition which must be regarded as partly determining
itho knock-behaviour. It is thorefore nocessary to relate the
“thermol load to the mean offective prossure, so that with regard

0 ncnoased—volumetr&o—e§£&oignoy—of—thofongino—we*m-~
reduce the boost correspondingly in order to obtain the same mean
-brossure, This, howover, causes an increase of tho knock-limit
bocause of tho acavonging offoot and tho consequont reduction of
the thernal stress, whon rolatod to tho same power., Tho ‘
corrosponding values of tho M.E.P. in the. teost_engine are with
increasing ovorlaps~- 8.95; 1l.4 and 12,2 Kg/cm2 for optimum output
wilth & boost prosgsuroc of 1.15 atmospheres and 80U0boost air
tomporature., Honco it follows that undér considervation of the
plotted Jmock-limits wo can obtain a N,E,P, of 1l.4 kg/cm? still
knoek~froe at an overlug of 80°, whildét at 40° ovorlap a smaller .
M.E+Pe = viz 1049 kg/om? - is already within the kiock-region,
admittedly with a boost pressure of 1.3 atmospheros, .

Speaking of the knock-region, montion should bo made of s
poculiarity of the DB 601 engino which according to our oxperience
deponds to a small dogree upon tho valve overlap, on the othor
hand, howevor, is strongly influecnced by tho boost-air temperature.
With most onginos, hitherto tosted, tho minimum of the kdpck-limit
curve was reached at dn alr-fuel ratio of approximately A = 1,05
corrosponding at this point to the maximum of the tompoerature of

" the unburnt mixture rosiduc. On tho fusl loops this point .
corrasponds to o power reduction of about 5% in tho oxcess-air
region. 'Actually, at a cortain boost prossure, knocking was found
to start in a small region in the nelghbourhood .of this valve.
Whon, howovor, examining tho knocking region of tho DB 601 which
'1s entored into for tho first time at 80° overlap and at g booste
. prossure of. 1.3 atmosphoros, wo sac that knocking begins only at
'8 A z 0,87 and covers tho alr deficlency rogion up £0 71z O.8. -
In tho DB 601-this phenomenon (x) could be obsorved with all fuels,
excopting the gasoline/ bonzol and the gasoline/alechol mixtures,
as soon as tho ongine was brought to the knock~limit in tho rich
rogion by suitable enrichmont and by a boost pressure st11d - - .

- compatible with safoty and reliability. So.it.appedrs that .this e
-phenomenon 1s caused only by the engino, and does not depend upon
the kind of fuel., It passcd off with increasing temporature.
When taking into account the hypothésis of a peorer mikture .
distribution in the DB'601l, we cdn give the following explanationt~

" First of all wo should like to quote a passago of "Lindner"t!s book:

- SRS . ‘ ;

. "In tho presenco of non-vaporized fuel droplets in the
mixture, Callendor could find a considorable .incrpase of peroxide -
formetion and also at tho same ‘time a decrease of the reaction
tomperature as compared to the mixture with completely vaporized
fuol contont. Because of tho enrichment of the mixture there are’
—zonos.in the immediate neighbourhood of the droplets which aro -
-particularly favourable. to tho formation of peroxides. Thu lower, .
the Inlet tomperature the groater the proportion of'un-vaporized
-droplots at the start of compréssion", [ s : .

\

These findings from en outside. source and the "DVL"ts
. assumption of a poor mixture distribution of the DB 60@ engino
"as well as tho fact that tho phenomenon docreased during tho tests
whon the tomperaturo rose, allow us to make the following stotoment:

: ,‘x) This possago anticipatos results friom tho experiments.since
T.completed about the - influonce on tho knoek-1limit of various’

fuelsa by overlap,




‘ * the minimum of the knock-limit curve in

Pirst wo rofor to a diagram from the roport still in rreparation
which wo added to this roport as fig. 22, This dlagram shows, the
offoct of towmperature on the knoek-limits of VT 702 in tho DB 601,
ot an ovorlap of 40°, Tho pooror mixture distribution in the
DB 601 is caused by tho injection process, turbulenco and structure
of tho combustion-chamber, and has a partioularly marked effect
"in the rich region., Though tho ongino was not brought to knock
ot _its othorw b : 0
namely A = 1.05 at tho givon boost pressuro, knocking ocourred in
~the rich rogion on account of tho poorer mixturo distribution
charscterized by un-vaporized fuel particlos, It goes without
saying that with incroasing boost alr tomperature the mixturo
dlstribution improves, and so the proportion of unburnt fuol
partlclos dooreases, Consoquently, the conditions would be lass
. foavourablo for the ocecurrence of knocking. The tests (fige.22)
confirm this assumption, since tho boost pressure nocessary to
cause knocking bocomes higher and highor, and on the other hand
tho rich region shifts

riore and more towards tho rich end, From this we may deduce that

* with inoroasing boost air tomperature the mixture distribution
improvos, so reducing the proportion of unburnt fuel porticles
and the curve thoreforo moves towards the rich region.

- i
Tho curvos shown in figs, 23 to 28 wore chosen fopr further ¥
Anterprotation, and givo, in torms of the injection quantity in- vy
mm3/strokes -the brake horse  power, the air.flow, the specific,
fuol consumption and the alr-excoss coefficiont., The evaluation
of these data took into account principally the power increase
causod by the incroased air-flow which was due %o an Increasing..
ovorlap, and also tho power-drop with weakening the mixture, It
was here very difficult to find pointsof an equal air-fuel ratio.
‘Thug, the air-fuel retio for maximum power on the consumpt ione
loops moves, with inerensing overlap, towards the weak region.
This 1is explained by the fact that the method of calculation
involved the whole air consumed by the ongine., ;But we have to
btake into account thot with inereasing overlap A great doal of
boost nir passes through the engine as scavongg air without
participating in the combustion, Thorofore tho sir-fucl ratio
in tho endine diffors from the result of the calculation which
"was based on the total air quantity. -Whon tho caloulations are
chockod by the. roadings of the exhaust-gas metor, weo obtain
the same figures, since this instrument 1s also influenced by )
the soavenge air, Without complicated tests and without considering
tho proportion of the scavenge air, wo used the following method:
When comparing the power outputs wo took the values at_the polnts’
. of maximum power; . when comparing the powor-drops wo used equal
. intorvals of excess air ratio from the poeint of maximum powor,

'

. The percontago incroases in powor and aire-flow, obtained from
‘the .curves, 'arc plottod In torms of the valve overlap in fig.29
for VT 702, gasoline/nlcohol and alcohol, AS in tho case of the
powor lincrease due to latent heat, we see also here a greater
incroase in powor than 1s compatible with the air-flow incroase,

‘up to about 100° crank angle valve overlap, The reasons are-the
same a8 those quoted for the ‘power increaséiduc to the latent .
heat -of tho fuel, With a valve .ovorlap of more than 100° and

© bocause of the greator time intorvals, part of tho boost-air
passes as more scavenging ailr through the engine without taking.
gaft ir- the combustion., Accordingly from here onwards, the gain
n-power 1s loss than should correspond to the air-flow incroase.
Wo may deduce from the courso of the curve that a further incroaso

.of 'valve overlap would not lead to any considerable |power gain.
For, from an overlap of 100" onwards, further increase of air-flow
with an already complete scavenged dead space, has only-a cooling:




offoct. on tho intorior of thvoylindor. Consoquehtly a' smallor
inercaso of powor is tho rosult. g

) Tho completo conformity of powor and air-flow curvos for
tho various fuols must bo notod. ' With tho VT 702 a groater power
- 1goin corrosponds to a groator alr-flow for this fuel, the other
“fuols with inoroased latont hoat show a rolatively smaller gailn
ror..and..oir—consum auge. st o vglvos
ovorlap of 40° tho incroasod volumetric efficiency of the engino
.was -caused by the highor latont heat with alcohol and its
mixtures, With incroasing vslve overlap, as a result of the
groater air-flow, tho almost oconstont riso in volumotrio
officiency due to latent heat no longer manifests 1tself in the
samo proportion.  This applios only if -~ in accordance with our:
prosentation - tho differonce in the valumetric efficlency of the
‘individual fuels is rolated to the valuos at 40° valve overlap.

The power nocessary for delivering the bhoost-alr was not
taken into sccount when comparing thoe power values. With allowance
‘for the supercharger drive power supplled by the ongine, somewhat
1l¢ss powor incresse with inoroosing valve overlap 1s obtoilned,
sinco, with the same boost prossure, the supcrchargor drive power -
which normally must be supplied by the engine itsolf -~ Increases
with increasing air-flow. Taking into account a supercharger of
0.6 officioney, fig. 30 shows the blower m.o.ps values for a given
boost pressuro’ but at various air-flows, Based on this blower-
power, we obtained tho values shown in Pig. 31, comparing them
to the output which we. obtained on the single cylindor test-stand
with indeopondently-drivon blowers. A difference betwoen the two
powor values,. incrensing valveo-ovorlap, 1s clearly visible.

Whon comparing the engines BHW 132 and DB 601 as regards tho
form of scavengilng and tho amounts of residual gas at theo sameo
valvo ovorlap, it was agsumod that theo test-bed arrangement gave
worse scavonging with the BMW 132 and. that therefore a greater
quantity of residual gases rosultod., One of thoe arguments in

“ support of this assumption dealt with the greoator power-drop of

. the. BLW -ongine with the samo mixture change whon testod on the
DVL test~stand, and attributed it to the incomplete scavenging,
alrecady mentioned, and to.its consequence, viz reduced volumetric
efficiency. Based on tho tests wade with various tlmings, it
was possiblo to check the soundness of this assumption since with
increasing overlap-the -scavonging of the engine improves, With
this improvement of  the scavonging and with tho resulting decrease
of the. proportion.of the residual gases, the power drop should
decrease with the ‘same variation of the mixture. Flg.32 shows
in similar form for the different fuels the power drop in per cent
at 40°, 800 and 120° valve overlap., We montionod dlready that the
caleulation of tho air-fuel ratio 1s incorrect bocause of the
secavonge air which passes through tho engine when the ovorlap is
‘incrogsed and does not take part in the combustion. The different
points of the excess-alr ratio are moved towards the lean region
by the fnct that-the air quantities were taken at too high a
Tigure., That ocan clearly be seen from fig.32, singd' the. point
of optimum-power moves towards tho reogion of greater alr excess
when tho overlap increases, In consideration of the excess~alr
ocoefficionta not agreeing with the real opsrating conditions,
the power drop for the different points of tho air-fuol ratio must
be conipared by counting oqual A -unilts, starting from the point
.0f maximum powor,. - If we compare:in this manner polints of the -
oxcoss-air coefficient, wo really obtain the reosult that with
incroasing ovorlap and the consequently improved scavenglng of
rosidual gases, the powor drop.decreasos.,—E.g., with-VI-702 and
a boost proessure of 1,15 atmosphores and at a distance of 0,35 -

S




from tho'optfmuﬁlpower point moansurod.on tho oxcoss-air ordinat.
it ig: 18.4, 14, Q and 11% with incroasing ovorlap,

I
. Scattored points obtainod occasionnlly with othor fuols
could not dispute the rosult that tho power drop docronses with,

incroasing valvo ovorlap, But horo agein wo should ouphasizo
that this way of oxplaining the difforoncos in power was only

ho provailing condltions and a genoralization docs not appear
pormissible without tosts on $imilar main ongines. ’

Whon oxamining tho power: drop with varlous fuols in fig.32,
wo' soo for tho wholo rogion that VT 702 with tho samo alr-fuol
ratio shows tho smallost powdr drop of all tho tost fuols. This
phenomonon :was alroady oxplaidod carlior by tho fact that this
fuol showod tho grontost volatility. Horo wo should liko to .

" point out thot for long rango ailrcraft the fuol should be soclootod
from consideration of its powor drop in tho lean rogion, The
engines of such aircraft aro alwnys sot for oruilsing on tho basis

" of a powor drop; and a corrosponding minimum spooific fuol
consumption, 1n order to obtain o largo range., By soleoting a
fuel, causing the smallest powor drop in comparison to othor
fuols and 8o o higher output of the ongine undor ‘othorwise the’
same working conditions, a small increase.in the cruilsing power
of the angino could bo achioved, .y

: Amongst othor ovaluations which might.be of interest, we:
montion the moasurement of fuel consumption as a function of

tho calorific valuo at a constant excoss~air ratio for 80° and
120° valve ovorlap, and this 1s shown in fig.33 and. fig.34,

The convorsion of tnoso rosults to fuol consumptlon for 1 kg air
“por hour, alroady showrn by fig.l8, agrood with tho lattor valuwes,’
So wo muy gonorally uso fig,l1l8 for the .calculation of fuol
‘consumptions for fudls of differont calorific value at-a known
air—flow. .

SUMHARY
2o p e a T

Tho tests concerning tho dotermlnntlon of the fuel proporties
the. influence of difforent fucls on various onginos under tho
same oporative conditions, as woll as on ono ongine with varying
valve ovorlap, gavo us tho following rosults;:-

- -—-The power is principally influoncod by tho increasod alre
flow with fuels of high latent hoat. Small power variations aro
causod by tho slightly differont air roguiremonts.nooded to
produce tho same hoot energy, Furthermore, thoy are offectod by
alteration in the intornal efficiency causod by chango in the,
eycle tomporatures, and finally by the quality:. of the mixtura
distribution. ’

Tests wore nado in connocetion with mixture formation on the
agsumption that - apart from the turbulonce and othor offects -
1% is influencod partly by the rate of evaporation of tho fuel,
--With highly volatilo fuols, bocause of thoir bettor. porformance
in regard to alteration in ’tho mixturc strangth good mixturo
: formution could be deducod.:

Rate of Evugorntion and boilin characteriotics hqvo not the
samo significance. o.obtain a bot%or ovaluation of tho starting
behaviour of a fuol from its rato of evaporation. ; We. also
polnted out that the fuel having the smallost powor drop in tho
loan"roegion should be solectod for tho economic- oporution of tho

'englno in order to obtain a great range. . ;

-5
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‘The air-flow depends abovo dll upon the latent heat of the
fuel givaing us a lorpép-gcharge of the cylinder becauso of the
,resulting cooling down of tho boost-nir. In addition we havo to
consider tho effect that fuelu with high latont heat poasoss o
lowor calorific value, so that wo must inject a larger quantity
tin ordor to reach tho same power ogtput. o /.
 B— o—influenco—of-the--oalonifio—valuo—on-the—consumpbion—i

2 glvon oporating condition was found, and'a_gonorqIIy applicablo
_-formula was established for the fudl consumption por kg of boost-

air in terms. of the calorific valuo,

Whon ‘comparing tho BMW 132 ond tho DB 601 on tho DVL singlo -
cylindor test-stands under.the samo oporating conditions, wo saw
that the DB 601 has a. groator air-flow in spite of its smallor
‘cepacity. Tho reason for this difference 15 partly the greator
hoating of the boost-alr during tho inlet procoss in tho BIW
air-ccolod ongine and thus poorer cylinder charging because of
tho volume increnso. Bosidos, it could be assumed that in the
difforont tost-stand nrrangeuonts the charging wns influcncod by
prossure vibrations in tho boost-air and oxhaust-gas manifolds -
which resultod in docroasod scavonging of the dead space of tho
BMW 132-ongine. The higher proportion of residual gases resulted,
during woakoning or enrichmont of the mixture, 'in a groator powoer
drop than in tho DB 601 ongine, ‘Tho infludnce of the rosidual
éas on tho powor drop due to alteoratlon in mixture strength
could bo obsorved in the tosts with varying valve. overlap, since.

- with increasing overlap and the accompanying reduction of the

rosidual gas quantity, the powor drop wes roduced.

" Tho difference In tho optimum output of the two ongines
under tho same oporational conditions, taking into account thoir
different capaclties, wons attributod to a pooyor -mixturo formation
in the DB 601 engine., = * .« - T : Lo
o N : . . B - )
" Tho poorer mixture formation.of the DB 801, which probably'
rosults in unvaporized fuol droplets at tho end of tho comprossion
stroko, ,particularly in the_rich mixture region, enabled us.toe
-oxplain tho onset of knocking in this ongino. In comparison to
other enginesS, Tho minimuwnm of the knock-limit ocurve of tho

DB 601 is to bo found, ovor rather a large range of boost-air
temperatures, -in the rich:region. When tho boost-air tomperature
inereasoes, the quality of the mixture formation ilmproves, and the
proportion of the unvaporized fuol particlos in the rich rogion’
decreases, . Thorefore. the minimum of tho knock-1limit. curve moves
more and more towards the rogion of extremc richness, and at the
same time the permissible boost-pressure rises. :

Tho knock~limit is influoncod by incrsasing valve overlap
because the thermal load decreoases with incroased. scavonging.-
Thoreforec we can cithor obtain a certain knock-froe power which
is st1ll within the knock region-at a small valve overlap, viz.
by increasing the ovorlap ond by roducing the boostepressure, or
we can incroaso o power which is outside the knoek rogion, by -
maintaining the boost-pressurc and incroasing valve ovorlap,

without ecausing the oenginé to knock.

*We obtained +dwmproved scavenging of the ‘dead space and a .
corriesponding power incroaso up fo: approximately 100° crank anglo
valve overlap., Beyond that a further overlap incroase causes
only additional secavenging, dnd. thorofore leads only.to groator
intornal cooling of the ohgine and a relatively smaller powor
incroase, B . : o .

T




"TABLE 31

ENGINE ~ DATA.

1

- Engine Type: BIW 132 N

Data: . - .- Strokes- a 162 mm
" Bore;- = 155.5 m
Compression-ratioie £ = 6.5:1
Capacitys~ . - =2.3.,074 iitres;
Compression spaces~ = 559 omsv
Valve ..~ Inlet opené' Inlet closes Exhaust opens Exhaust closes’

Timing.- deg.before - deg.after ) degibefore deg.after.
. T.D.C. - B.D.C. B.D.C. TvD.Co . "~

20 - o S 76 - - 21

Fuel System:e Pump.- Bosch PZ 2/120 vV 1024 a S(Eocentric pumip)
Nozzle - Bosch DE 40 N60 116

Ignition System.- Sparking plugs ;‘Bosch W 225 T 1

dagneto:- Bosch FI IR 36
. PI 1L 36

Boost-air:~ , Blower:- Klein, Schanzlin & Becker ‘1.5

: L . . ’ atmospheros
R Alr-heator: DVL 24 KXW

Coolant i« S+ Alr

Blower Hermuel . .22 KW-29007.p.me-—
Exhaust lay-outi- DVL ; / through surge tank to an extraction~fan.

Brake-gear:?5 ' AEG - generator type AW-PT 99,

'

'TABLE 1: Data of tho test-bod and of tho BLW engine.

/




A T et
" ENGINE ~. DATA

Engine] typo: DB 601 A
 Expo »

1 ‘-.’i

Datal Stroko w160 mm

Bore c ‘ = 150 ‘mm

‘Compression-ratio £ = 645

,

Capaolity = 2.828 litres

‘; Cbmpressionispaoe "~ = 517 om®

. : Inlet opons |'Inlet closos -Exhaust,openg Exhaust closo
Timing' 1| deg.bofore |deg. after dogsbofore . dog. after
Valve ovorlaps T.D.CG. -  B.D.C. B.D.C. T7.D.C,

crank anglo ] o ‘
24 . - B6: 52 16

~ofz
goo . [TTEE v 55 a1

1200 71 - BB ~ 69 S 49

- Fuel.Sysﬁoﬁ--'i ‘ Injoction
. . Pump. ‘ Bosch PZ 2/100 V 402 (cum-pump)
Nozzle: ~L'Orange 6/38 9 - 2029 A
_Ignition Systemi~ Sparking-plugs Bosch W 260 T 1

* Magneto " Boseh FI IR 36 ‘
’ FIIL.B6. ol

~ Boosteairi- . . -Blower:- Klein, Schanzlin & Beoker, 18 8; ?ospheres .

'

_ Alr-hcaters: DVL 24 5 KW

Coolanti= - Water. o LT
o Pump s« Odessa ﬁuchine ?actory Typo 8 30/160 ‘155 l/min

Eihaust.luy-out:A ' DVL through siloncor, extraction-fan.

Brako-goars= Siomens - generator type A 6 247.

- -
T v

" TABLE 23 Data of the test-bod and tho DB 601 engino.




TABLE 3

U&ﬂ%@ﬁgu -

Recetved No:-
Supplied by:-

VT 702
+ 0.
405/4,0
Ammonia Wks.
Yersebirg

TEL -

Nm& Gas,lead free
75%% Adreft-Benzol -
120/11

Toluene

3u6/L0
Benzal Works

53% Gas.leed free.
47% Ethyl Alcchol
122/

lex"

mgu.lbu.oowou.
166/41
- Lichtenberg,

Methyl-Alochol

ua/i2 .

/' Reichsmltg.Bln,  Schering Kbn.
.. Bln.Adlexshof,

vOH+o.o@mﬁmr

Bm\ﬁ

- "3Po" Brievbz,

. Specific Gravity ab 20°
- Refraoction UUNO

0.7206 -
1.5021 -

Water soluble oﬂuwgm_#m % o]

Vapowr pressure Reid
atmospheres

Dis%.; Range

ooﬁ.dm...bw properties

0.435
See fig. 3

... CWAl-Rivets 3 hours 50%. g&

Gm mg/100

Crystalization point QOC

Lead content accoxding
_to jodine method
Iodine mmber (Hanus)
Aniline - Point ITI, |
Aramtics + wnsaturated
Kotamin'sel - Weight 4
_ Naphthene & .
Paraffin . \u
G- oob,wmuc
mmu content
. m.. ~content
G- H ratio
. L, theor, ,..._.......Jog
Lower calorific value
Octane number MM,

2.
" below =60
Co a2

3.2

60,2 .

Uns, 2.3 47,1927
25.5 .
52,5
85,20
.75
- 0

5.78
.85 .

10457
92

mixed by "0Olex" .

- 0.8285
T 14696
0
"0.215
See fig. 3
o
9.8
le -
o .
2,6
58. b
Uns, 3.0 Ar.22, w
5.7
2.0
90,38
. 9.68
o .
9.3
13.7
9
5

SR,
- .

0.8670
1.4940
o

0,079 -
, See D.m u

dﬁnwmbmmm.

o .
below -60 -
O -

100
0
0

dﬁmum»u.

mixed by

o._w&_
1.3804]
i

0.485; -~
Sea W..m. u

Gnnﬁmﬁmmm.

Ry Nom ~
dmu.g ~60

|
o .
1.61
59

26,0
47.5
67.97
13.17
18.86 |
5.16
12,1
8502
88 |

_‘
uwv
|

0.7850
1.3608 -
100

0,160
See fig. 3

Qob.mr.w.mu..«u%.
discolrd.at the
dQBmm.q EB..

vmn_.ga =60 -

0.7920
1.3302-
0

o.mmu
See fig. 3

3

Cop.sht.sltly.
discolord.at the

woﬁmwu% Emn.

dmu.os ..mo

: .Anﬁﬂ..g. Stks.) ‘

0.7U6
1,010
o N

0.365
See fig. 3

below =60 ',

A 1
o

.

R .




Vapour pressure according to llotecular
Reid at 38° C - ~ Welght.

in mm Hg atmospheres

Wator (distilled) . TR 0,067
‘Toluene (pure) 55 0,079
Ethyl alcohol : 0,160

 Bénzol (pure) . " 0.226

'

L Gasoiéne/Benzol.' ) f‘ ' 04215

o1 o 04365
VT 702/1
Gaséleno/Alcohol

Ether

'TABLE'4:' Vapour pressure and molecular weight of various fuels,

HEADINGS OF DRAWINGS 1 ~34,

Calorific value, air requiréments and heat of vaporization
of various fuels Ffor the same quantitles ‘and the same_ heat
energies,

Rate of~evaporat16n of various fuels at 20°C and 760'mm'Hq;
Boiling curves of various fﬁels.‘

Fuel 1oops of the BIW 132 N engine at 1.0 and 1.3 atmos-
pheres boosb-pressurc for various fuels,

Fuel loops of the DB 601 A engine at 1.0 and 1.3
atmospheres boost-pressura for various fuels.

Power, sir-flow, eacess-air ratio and specific fuel
consumption in terms of - the injected fuel quantity for tho'
CBMW 132 N at 1.0 atmosphorbs boost-pressure. o
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B Fig. 7e

Pig. 8,

Power, qir-flow, omcosu-air ratio and specific fuel

consumption In terms of the injected fuel quantity for
the BMW 132 N ot 1.3 atmosphoros boost-pressure.

Power, air-flow, oxcess-alr ratio und specific fuel
consumption in torms of the. injooted fuel quantity for
the DB 601 A at 1.0 atmospheres boost-pressure.

Fig. 9.

Pig,104"

'Figells:

1

Figel2s

Fig.l4-

Fig.15.

‘Fig.16.
Fig.17.

Fig.18.
Fignlgo

Figs20,

Figlle

Fig. 22 .,

Fig,23,

Power, air-flow, excessiair ratio and spocific fuel
consumption in terms of the injectod fuel quantity for
tho DB 601 A at 1.3 atmosphores boost-pressure.

Infiuenco of various fuels on, the cylinder-hoad
Atomporaturo of tho BIW 152 N, )

Power docreaso as a function of tho oxcoss-air’ ratio,
with the BMW 132 N for various fuola and at 1.3
atmospheros boost-prossure.

Powor decroaso as ‘afunction of tho excess~alr ratilo,
with the DB 601 A for various fusels and at l.O and 1. 5
atmospheras boost-prossure. o ’

»Increaso of air-flow and power in terms of 1atont heat.

Brake horso power as a function of the caloric
consumption with-the BMW 132 N at 1.3 atmospheres boost~

pressure. ,

Brake horse pdwer as a function of the caloric
consumption with tho DB 601 A at 1,0 and 1. 3 atmospheres
boost-prossure. .

.Influence of tho lower: culorii‘ic value of fuels -on

consumption, with the BMW 132° N at 1.3 atmosphores Boost~
pressuro.

Influence of tho 1owen calorific vélue of fuels on theo
consumpt ion, with the DB 601 A at 1,0 and 1,3 atmospheros
boost-pressure. .

Fuel consumptlon per kg boost-pressuro as a function of
the lower calorific value.

‘Power as’ a function of the fuel:consumption with the -

DB 601 at 40° crank-angle valve overlap for various fuels,

Power as a function of tho fuel consumptlion Wiﬁh~thé
DB 601 at 80° crank-angle vulvo overlap for various fuels._

Powor ns a function of the fuol‘oonsumption wibh the :
DB 601 at 120° crank-angle valve overlap for various fuels,

Knock limit curves of the DB 601 A for VT 702 0.12 lead - -
at boost=-ailr temperuturos of 50 - 1609C 3

Powor, ailr-flow, oXCcosseair rqtio and specific fuel
consumption in Lorms of the injection quartity for the
DB 601, at 40° cranke-angle valve overlap and 1,15
atmospheres boost~pressure, - .

'Power, air-flow, excess-air ratio and specific fuel’

consumption in terms of the. injection quantity for the.

“v. DB- 601, at 40° crank-angle valvo overlap and 1

-atmospheres boost-pressure.‘
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F_ig.25. -

’Fig-26.

Powor, dir-fiow,.excoss-uir ratio and Spocifio fuel
consumption in terms of the injection quantlty for theo
DB 601, at 80° crank-anglo valve overlap and 1,15

.atmosphoros boostfprossure. )

Power, air-flow, excoss-air ratio and spocific fuol
consumption in torms of tho injoction quantity for th

Fig,.28,

’

Fig.29.
Fig.30,

Fige3l.
Fig.32,
Fig.530

PFlge34,

.atmoaspheres boost-prossure., .

DB—-60Y;—ot—80 crank-anglo valvo overlap and 1,3
atmospheres boost -prossurec, :

Powor, air-flow, excess-air ratio and ‘specific fuol

-consumption in torms. of the injection quantity for tho

DB 601, at 120° crank-anglo valve overlap and 1,15
atmospheroes boost-prossure, )

Power, air-flow, excess-air ratioc and spocific fuel
consumption in terms of the injoction quantity for the
DB 601, at 120° crank-angle valve ovorlap and 1,3
atmosphores boost-~pressure. .

Increase of '‘power and ailr-flow as a function of tho valve
overlap, with tho DB 601 for various fuels.

The mean biston bredsuroe corrosponding to the blower‘

~ horse power,

Brﬁke horse power of fho DB 601 with and without
subtraction of suporcharger drive power as a .function
of tho,vglvo ovorlap for various fuels, =

Power docroase s a functlon of the gi?bss-air ratio
in the DB 601 with various valve ovorldps at 1,15 :

'Influencé of the lower calorific value .of fuels on the.

consumption in the DB 601 with 80° valvo overlap at 1,15
and 1,3 atmospheres boost-pressuro, .

Influenco of the lower calorifié value of fuois oni t he

consumption-in the DB 60X, with 120° valve overlap at
1.15'and_1.5.atmosphorosVboost-pressure. :
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2ho Influeise of he valwe ovorlap op_th knock=14mit
or vario@a fuels fn the BB §§fzﬁﬁﬁine.ﬁmg . o

‘Quline:- Fuels of various chemical cowpositions amd of
irlorent ootape nupbor werg oxemined in the DB 601
oylindor at 40% go® 4 120 orank-engle valve overlap as
%o thoilr detonation behaviour, The vesults Showed that
both the characteristics of the kncek-limit curves smad the
anti-knook value were consliderably influenced by altered
valve timings, fThe docisive factors For this arve the - .
varlation of ¢he thermal internel stress snd the different
quaiities of residugl gases, which have, accordling o theiyr .
composition, different offects on the fuels. The shape
Of the knogk-limit curves differed from. their usual form
in the DB 601 under certain operating-conditions, and this
sould be explained by imperfect mixture formation in the
relevant reglons, and was also connected with the boosteair
temperature and the valve overlap. . The effect of warious
valve overlaps on the shaps of the knock-1limit curve of
fuels could be compensated by a sorresponding variation of
the bwastealr temperature. . o ' : )

- The applicability of knook-iimit curvés to the same
engine with daifferent valve-overlaps 15 discussed. The
affect of the results om the testing of fuols agoording

to %he DVL supercharge-method and its podsible improvemenst
-are alsc mentioned. - ‘ o

" Contenta: - I Ingroduetion : : :
X aenqug_ﬁemarkg;gg_ggsting of 2oro=-emging

I guals - o o o

IXI Tss¢ procedurs .
1] General Hemarks
2} Ingine conditions
3) Fuels - :

XY Test Resulss
l?" urvay E )

2} Knock-region of the DB 601

characteristics of ihe Knogk~1imit curvs
Influence of the valve overlap on the
. knoek-ratings or fuels .
5} General offeots of the valve overlep -
on the Knock-behaviouy o

V Sumpary.

_ 3% Influence of. the valve overlap on thu
4

SRS | Iﬁtrodugtion ‘ .
Apart f£rom thé other measures %0 raise the-pqwgr of
- . fiero~-sugines, lnoreased valve-overiap is employed. s
——PUrpese is to decorease the proportion of residual 288es by
improving the scavenging of the dead space when superchazging“
Thus the air quantity which can be admitted in the same '
-cylindd: volumeg, increasss; on the other.hand@ with thg sane

!




nmoan oréseure the thormal internal ; G--engine
&ecreasssT*"KﬁE?f“?f&ﬁ"ﬁﬁﬁ~§6§%§~§§§§§§§3°§iﬁg achleoved
a -change in the behavioup of the ongine as regardis the
fu6i way be exvooted, . ' . )

Rumerous tests concorning thoe quantitative Infldeneca-

Cof alteration of the air-flow on tho breke horse pover - —
have alrcady bemn cawricd out, bui the Lehaviour of fuols .
of differen% sbemscal constituilon especlally at ¢he knook "
1ini¢ has uct 7ot baenw unmlstakebly defined. S :

At prssent tests or aero~enging tuels Eccording to

the VL, supercharge methed nre earriad out in the DMW 132 N
oylinder &t a wvalve overlap or 409 erank<angle. This valve

Overlap is ne lenger ussd inm a3y rof the cuyrsat mein ’
engines.  Rocent enginmos have a2t ieast 800 orerisy and

sometines conslderably more Increasing often up to 180¢

Ihus, i tha valvs overiap influeucesﬂthe“kﬁackmlimi%

notvieeably, it ip dbvioug that the DV, supercharge methed,

normally used for ¢he evaluation of fuel, canues be. applied
directly %o praciticsl casow, S ‘ '

.

The object of the present tests was to Ping out how

. Tar i% vas possibls to_apply;tha'knocknlimit curvas, =
obtained by the DHVI supercharge method with « smell vaive
~overley, to mainm sugines with higher%valve'averlajb,,
Apert from a knoekelimit ineresse which might ocour becauss
of* the decreasing thermal internal stressy;—it was desirabia
, to sxamine the alteration of the kuock-limit curve
cheracteristics due to the valve overlap, under otherwisa
similar operasting conditions. - .

. N ! N
’ © Furthermors the tests wers designed tc show how the
form of the ¥acek-1imit curve 'is influenced by a chenge of
the boostuiy tvemporaturs and_the relsisd effects of the -
 miZture formation of o various Tuels im the engine on the
charasteristics of the eurve. R

S In order o examline a very.wide renge of chemically
different fusls, 6 Tuels of the mest dlfferent composition
~were selected Cor the tesvs, A.very great range of booste
alr temperature was seleeted, sincs the sxtreme cases me:
“with in practice had 1o be taken intg account. . As a e
starting point-a valve ovarlay. of 40 crank-angle wag used,
as this is the usual 'greriay it test engines for the DVL
supereharge method. It was inecreassd by stages vp o 1807
valve overiap. At proesent we negad neL expact grester valuss
with main engines, sines with furthar inorzass cunsidsrable
difficul®ins in the operation of thy eigine ars exporienced,
'Besldes, when Turther increasing the vaive overlayp, the '
smeil increase of indicated power is out of proportion, in
“¥iew of the enlarged dlower required with its greavewy weight end
" inereassd drive power. |, . . , S -
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ST e s

IX CGoneral Romarks on ?esting
aciation fvale ~

Until lavely engine-deslpgnors had no daifficulty with -
the fuels at thelr disposal. . The purpose of the gradusal
improvement of the working process by the increass of the
compression-ravio, the inercase of the volumetric efficlenoy
. by super charging and valve-overlap, the alterations in :

., ignition~timing ote., was to increase the eagine effiplency,
tc lowar the fuol consumption end to increase the nower.
.These meusures inoreascd the thermal astrgss on the smgina,
and. it was found that the Tuels then avallable no longer
.met thoe requircments of the engine. Besides the normal
combustion of the eir~fuel mixture enoiner kind of readticn’
oocurred, nameiy detonation-combustion or knocking.

. Knccking in the engine - s hard and metallie noise,
T was racognisable without great difficulty by msens of suitable
.Xnock indicating lnstruments. Itswas however, vary difficul
0 explain the physics~chomical asteots of the lknock~
phomorenon . Several,soientista, however, working on ghis——
Problem, succoeeded-by gleborato and ortonsive tests ¢o clarifty
the mattor g0 as to enable us %0 explain with some dugree of
reliability the sssence of the knook-~process and 1¢s ’
depsndsnese upon fuels and cperating conditions. A5 one of the
first results 1% was found that tho mizture in the engine
changed from an originally controlled and slow oombustion to
a practically instantenecous reaction of tho unburat residuai
mixtuze. Bomb-tests showsd ¢the specds of the flemé . '
propagation to be d few n/sec. . These speecds sre ineveassd
0 20 - 40 m/sec in the sugino becauss of the turbulence of
the mixture. Before the flame ~front; traversing the -
oombugtion chember at thip spsed, are the unburnt parts of
the mixture. Thelr temperature snd pressure rises becauge -
of the oxpansion of the burng gasos and because of the radiation
and hot? connection of the flame-?Pront and ol the burng part -
of ths mizture, Under certain conditions ¢his way lead
¢ a dudden reaction of the unburat portion of .the mixtyre.
Bere combustien veloocitiss up to 800 q/sec are obteined.

. The rcason for ¢his sudden reactiom of the residual
sharge has nog been fully explained. There ars many thsories.
The assumption,; that loocel overheating of the anglne is
responsible for the instantaneous rezction ¢f thoe residual R
rixture cannot be confirmed. Photographs of the ecourae of
combustion in knooking engines sh owed that daring conjecutive
working strokes the ignition centres. of the charge rssldue.
Where combustion was. acoompanied by knocking, were not always
in the same place, whick should be the case if overheated R
parts of the wall produce those ignition-centras and thus
cause spontaneocus combustlon of the vesidual charge. Ho%
spots may perhaps be Ffavourable to knocking but cannos, be

sald to lnitiate it..:- _ .

’ Another.aséumption'is vhat the vresmure effdcts caused
by the fleme-front lead %o pressure-waves, Now 1% was said
: .'_,.‘ . ) ) . ‘. T, . -

i
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p Bl s, . or spreading in the whole of the combugtion-chamber.

" Rising flame velocity amd increasing pressurs may-have the
effoet that tho amplitude o one of the pressure waves become,
sufficlent %o bring the mizture resldue-whieh is already
hotter as a result of the ecombustion process 1ts_elf -
to gelf-ignition. . "The obsarvations; however, make it
doubbful whether vibration phenomena are the real cause ol
‘the knockimg.— e Lo SRR EE Thal pause ol

‘ " A third ascumption is thet ¢ho main cause of ths sudden
reaction may be a slow reactlon in the vabums part of the
gas mixture vwhich is compressed and hested by the edvencing
fisme~front . The experimsnts of Rassweller and Withrow were
very instruetive im this respect. They showed that before
the flame front the residual gas contains new ignition-

- centres whiel by flashing in ali directions ecause Gho

Z. regldual charge to ignite almost spontaneously. One may
therefore plcture the knocking in the emginc thus:- .
The gparking-piug initiates a flame-front which advamees

.with exvelocisy depending on the quality of the mixturs
formation, the excess-air, the préas : ral
and increcases the pressure and temperaturs of ¢he unburant
nixturo. Thus a slow reaetion or combustion is started in
this part of the mixbture which is inecreased with rvising
prossure and tsmperaturs and so may lead ¢ self-izaition
of the mizture. This sudden combustion preduces a region
of high pressure, the Instantanesous increase of which in %he
combustion-chamber causes the hanmer-like kmocking noises.
vhen the gases strike the oylinder-weiis.

This sudden reaction of the residuval mixture and the
peal pressure thus produced is detrimental %o the operation
‘of the ongine. The groet incrcese of the heat transfer
causes a thermal overicad on ecylinder piston end valves.
The consequencs is a gradual. power-drop with increasing
‘temperature. Xf the knock contiaues it will damage the .
piston, the piston-rings, the coylinder-bore and the vaives.
To the thermal overload must bs added the mochenicsal shouk
load of the pressure peaks with 1ts offest om the enging:

components: = . . . o X

The most importent criterion of dthe quallilty of Mels is

their liabiiity to dedonation. = It.is thersfore clear that

" the investigation and solutionm of ths kncgking problem as |
well es the measurement of the endi-kaock vaile form the
assentall part of investigations on fuel quality.  While
$he knock pheacmanon has bsen related to operating gonditions
Y0 a certain extent,.and-it-1s poasible to dsiermine the
anti-knock value in speeclel engines, ©.g. by the actane~
number, the DVL superckarge method ete.,it is exiremely
difficult to obdaln an anti-knock value of.fuels whieh is

géﬁerally‘applicablcn'. e
‘The great interest of fuel neaufaciurers in the solution

of tho problem of evaluating aarc-ecugine frels ip scgines
intended for practical use is undersﬁandable. The engine_

v
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manulacturer is similarly‘intorested_.-since the engine poweor

- 28 given end guarentesd Tor a Yusl with & minimim knook value.
The CFR wmethod octane-number wad gquite good for the quantitative
doternination of ¢he dotonstion charmzet 3 =001
MEINES. " BUL I0T the Aero-engine it was foumd that no definlte
raletion existed vetween -the octane~phumber and’ the ectual o
‘dotonetion characSeristics in current engine oylinders.

The disadvantages of an insufficieatly exact knock rating -

are not particulariy great ec far as automotive fuels are
concerned. - If a vehiole with a fuel or insurfiocient anti-
; } gion the engine may suffer if
. . This, however, means only some.
in‘on the_sar ownor®s purse as far as eivilisns are
concerned. For thz Armed Forces there may be graver °
conseguances. -Not only bocause of edditional ropairs bul.
also boceuss of break-downs in supply, ocombat, transpors ote.

i

‘

e The problem is entirely different for the asro~sngino.
If we have an asro-sngine which glves 1%3 maximum power at
., Yake-off dnd 1f the air-fuel ratic-is set on the basis of L
" knook-Prge operation at a certaln octane-number, 1t is probable

" that the englne will be severely damaged.  For though a fuel
has the required octanc number, it bhas not necegssrily a
sultable snti-knock value under the oxlating engine conditions.
Iin the ralatlvely shovrt tine, during whieh the maximum power
i3 raquired for take off, the thermal strsss ie these engines-
devoloped to & stage of very high power - has already reached
i%s permiseible Iimig. The additional effsct of knocking
comfus%icn ean bo sufficient to cause the failure of the
sugine.. : o e :

The groatesy disadvantage of detsrmining the detonation .
pheractaristics of fuels according %o the CFR method is that ' .
the fuel is tested by o singlo-point evaluation. Ls under
practical conditions fuels of the mogt varied chemical :
constitution darp used, aad they bohave very differently o
‘aceording ¢to various opesrating conditions, i% is possibls that
in the aerc-~engine cylinder ¢here are consldorable differences
hetween the cetene-pumber found &nd the resl anyl-knock valw

e A method which takes the prevailing operating condidisan -
‘partly late consideration, expeciamlly the uixturs -ad justiient,
is'ths DV supercharge method. Here the knock-region of ¢ha
Tuel 1s dotermined over & Tange. of excess=aly ratlos ia
tarms of the boost-pressurée wiilch lsads to ineipieat kncok.
The tests are performed on & single oylinder teost stand with

" a BMW 132 N aero-enginme cylinder under speeci est -
condisioneg. The relative knock-limits of ous fuals in.
The BMW oylinder can 2hen be noted. .

The different suscoptibilies of fuels to cperating
corditions - aromatice ars vory semsitlive.~ maks 1% oleap -
that minor varistions in oagines even of the same Lype, siightiy
different. ¢ost-ptand arrvangenonts and smell chuanges iw operating
ccuditions cause ocnsideravle aiterations of the knock-linit
BUTVB, In the seme engine eylinéer, however,, the order of
-evalueblon of the fuels used o remain the samér Theregore
the position of the knosk-1imit surves of varlous fucls permit

. eertaln conclusions conoerning ¢hoir gemerdd behaeviouw,  I4 4s

ol
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found that the knock behaviour of wrarious fuels differ from

'that of u reference Tuel with the cane’ excess-air and undey
‘the same operating-econditions. - Aps m-bein o—%0
SLave—~tho—aporoxImats bohay ouyr of o el, 1t ig not bassible
to state the exacy position of iis knoek-1imit curves im - - .
arother engine. In order’do leleap this matter up the DV
tostod quite & Bumber of asro-'engine singleo cylinders as

.+ regards their knock benaviour with various fuels sansitive
©0 temperaturg. From o pumber of vest resulis fig. 4 shows
the ¥noclk limig curves as. 130° pousg temperature for 12.

~ differens sngines. An olaborate oxplanation of the yost

" procedurs and discussion of the results eannot be' given here,

- This will ve the objoot of tha detalled repords which are :
st111 in preparation and alsc of the rinal rODoYL . A
nreliminary study'of'therteats, illustreted 3n rig.4, “hows,
that the order of the fuel ovaluation ig partly reversed,
apart: from the fact $hat *he general position of a knpoci-

- Hmit curve, its maximun. end einimum,; and their geparation,
differs in cach engine., | A preliminary study of the tests
on-the’ knock behaviour of Tuels in various sngines dces not
givs very promising results, with regara to the question of.
how far the knoek limit curves of the same fuel can be :
appiisd Yc enging of difforent types., . -

. The advantages which wduldfre§ult it the knock-iimis
-} ourves, obteined accordiug to the DVL super charge method,
cculd be applied %o any given engine ¢ype are indicated by an
oxample. . Let us suppose that the knoek-1imit eurve had
Leen obtajinod in a eclearly reproducible form for a fusl
aceording %o the DY Super chargs method and at a.certain
temperature, a certain ignition tinling and under precise
operating condltions. By neans of tho combined curve of
“the engine, 1.9, ity boost pressure and sreed claseifiosation,
ag well as by the temperatures of the boost=alr, obtained
. Trom the outside temperature and blowew Speed, and perhaps ..
by varying the ignition control, it would Yo possible %o fing
o out” from the pugiy of the ck-1imis, curve of the fuol
and from 1ts application %o ey engine type undsr eonsglderation -
of thé control curve, plottsd against the excess-air - i
" coefficient of the engine, 1f the engine under the given .
clroumztances could.or eould not ba cpsrated free from knoek.
~For-wvarious reusons this would be highly desirable. Xy is
rolatively sasy to find ¢he knock-1imit curve for the single
eylinder engine at little exvense and above all im very shorg - -
time, but 1% iz very difficulz te do 50 for the main engino.
The reason for this is, that in the nain engine we oconmct yab .
dstermine in a suitable manzer the moaent ab which Xnocking
. se%s in, and on thia %he supér - chargs method of kmock rating
-+ 18 baseds - o o o . C

" The method of cbtaining the kncek-1imit NrTes on- the
asingle cylinder test-stand is excellent and . cannod easily.be
surpassed as regards the simplicity of the nsethod, sincp it

- does. not necessitate any. slterations of the sngzine. Thias
‘method determined the start of knoeking acgustically. It
is cbvious that this is impossible, with the main eagine. . .
Firstly the engine running on the testastamq 1s-very noiay.
‘Secondly the knocking noise heard wight come from any ongof
.-the c¢ylinders. THe very exact determination of the beginning
" . o R

T
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of—the-imovit—wooording o THe E5600T DV method proves diffiocult,
sinca ape Tyom %he- Pixing of a quartz plekeup whish s
nocosaitatis a Turther.drilling in the oylindor, the number of .
cylinders 0 bYe testeofi must be teken iato acoount. As long .

&3 there is no exaet method which aatvlsfles simple  test-~ptand
arrangements ‘and 2o the same time enablee wg to dovermine the
‘start of knocking for c¢ach oylinder, the determination of knock-
.Pegions in theo main ¢ngine remelns rather e difvicult natter
requiring some skill eud experience. It must bs reallsed
- that, oven with the slosest observation of the eylinders
connacted with the knookmetoer, a cyllader mot under observatio
eould be in the knook reglon, - Aecording %o experience it '
noed no%-be long before tho piaton burns through or suffers
frow other cefeets, usually oz the restli of heavy detonation,
Ths method whioh A.W. Schmidy is developing for the purpose
of' det=rmiding ¥noeck in the nain engine -has considerably better
. chanee of suoocess. In thla, ¥he whole ao1lse level of the engine
~is picked up by a miorophone, and all Traquencies not due to the
knock vibretions are oliminated, so0 that the remaining impulses,
amplified as necessary, cen Ue recorded by & cathode ray
oscililograph. L L

These diffioculties would not arise if 1% were not nocessary
to investigate the knock behaviour of rain. enginas by
establishing the eontrol curve on the basie of a certain fuel.
In order %o do this it should be possible tu determine the
.operaticnal position of the ‘eigine from the knoek-limit ourve
of the fuel provided Tor the operation and the control ourve
of ths engine itsgelf. ) oo

.. Various reasons cause the .displacements and the different
positions of ¢he kndok-limit ourves. We must distinguish
between thoss; purely influenvced by tha operating gonditionsg,
and thoss oauaad—by‘tﬂ%ﬁmeuhantcalvarrangement,.4_Wa conzider
ag operating conditions those whieh change  the position of the
imosk ~1iml¥ surve end which have different effects ¥.o, .tho

' Tellovieg | - exeasg~-alir ratig, comprossion, boost—‘alr..temperaturo9

ignitioc., engine speed ste. é&nd finally the valve timing. Tke
lest item brings us to the iafluence caused by the mechanical
errangement. Here we hsave the followlng:- . Shdpe and design
of the combustion-chamber, arrangement and wumber of valves,
ues of conventional valves or slaave valves, position of '
sparkingspiugs and nozzies, design Of the coolifiz surfsoe ete,
In practice it is quite diffieuls Yo -Beparave: cleariy and
distinetly the itens mentioned above since often the ulteration
of one ndcessitatos also tho alteration of another, : ‘

1 I% 'is quite possible by. a8 gystematic determination zhe
effsets of these Taotors to sugceed 1n th~ following: =
Within cerzain limits a knoek-linit curve fopr ocue partioulax
fuel may be appllied to abother engine undesr consideration of
1ts different data and opérating conditions, providoa that the
other engine tyve is not very aifrerent. In the -simplest casg
we may imagine the apnliocation thus:-  The knook-limit curve
‘of a Tus) for any cneé tesy engine, eo.g. for the BMW 138 -
eylinder, is& known not ouly as regards its position and exitent
but also gs regards the factors which determina its position. -
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) : We should havo to deteruine alsy the knock-limit surve on

-—-———L-——————ano%bea—e&gi&e—witb—vhs-sano—»uel*———SO—&on BB WO W N e—a T
%6 explain slearily from those knoek-Limit curves the
differencos of ¢thelyr pozltions end Tforms by the different
operating conditlons revailing In ocech engine and thels
offacts on the knock behaviour, wo could apoly the curves
t0:the other suglne. tihenr the kndck-llmit curve in the
BMY 132 cylindar ig given for another fugl we ocan determine
its position for tho othex engine by conpideration el the
mﬁwuwtwmmimmmthama‘ .

During the Lnnt1nuous developement of aero-engines
20 achieve & powor increpse with -equal capacity, = part from
othen measurss the inorosse of ¢he valvo overlap has besn
tried succesgfuily. Whan. the necessery alveradtlons on the
eingle eyiinder Gost ghand of the DVL were mado on an engine
type DB 80L, end when the Cirst knock-limit{ curves of Xnowa
fuels wore obtained with inoreased valve overiap, théy :
exhlbited & form which vag conaldarablg difrerent from that’
hitherto seon’ end sSomotimes had no sim 1arlty whetsoever %o
the usual Iknock-limit subves. Therefore & largoer series
of teste suggoested iteslfl with %he objoot ¢f determining ¢the
influencs of the valve overlap om the position and form of
the knock~3imlt ourve. Before desoribing the tests in detail
it seems best to glve @& survey of the effecte of the valve
overlap on the behaviour of an engine in tho knocknfree region.

In. en ongine with valve timings at:TDe sav 30 that thore
is no overiap, the dead spacvé above the piston is Filled with
rosidual gas.  Even assuming that this. residusl gas has ne
infivencs on the boost-elir entering during the induction . :
process, volumeé which it ocouples in the cylinder is lost 20
voilumatris. sfficlency and thus te the power output - Under
practical conditions we-must add t0 thls iods . the faced that
_ tho residual gas heats the entering charge, which results in-
a further reductlion.cf tho charge as regards its welght, due
. %6 ths inerease of tho bgost-air volume. When the ongine . _
operates in the rich reglon ignitable rgsidual mixture ——— ——
- components may de brought to .combustlon when the boost-alzr
-enters, and agein part of tie charge is lost fuox the perfoyrms-
apce Iin the ougida. "Ly was.en obvious step to Xeep the
" walves opon at top demd centre by altering the timing fox the
iolet and exhaust and <o cause bartial or ocomplete removal
of ths rasidual gases and Saavangingof the eugine, in
carburedtor eagines Lhe valve overlap reaches its possible
wmaximum vrathor gulckly owing o the fuel lomsses with
scavenging. But with lnjeoticn~euglues it {w possible 2o
achieve ou extensive doel epice scavenglng. . Tests showed
that et acogtapressures used povaldays,  am mnost ccmple%e !
acavﬁnging of the doad space ls reached at apprezimage 186°
ank«ang_h( A fubther incrsass of Ihe valve overlag reaults
onlv in further scaveaglag of the ovgine.’ .
Tna effees of cverlap oD &n engine with suparobarga
is mainly & povwer inereass. VWiihk izvoreased overlap 4 highar
neen affactive pressurs.is obtuined at theo same bocst
pressure by virtue of the greaver weight of the charging air
sontained Ir the same eylinder volume. Ar soon. as. the o
soavepgiag of the dead spase 1z complel 8 aj artharinaweasa ob
. B oo . .
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tho ovorlap gives us only very little power~lnoreass due to
the scuvanging of “ho orgine and the coassquent yeduotion of
+h o -

hoayrmal 3203

Whe shormal stwoss has some importance for the knook-
c1imit in a3 muen es hot apots in the oylinder influence. the
© 11ebility te detonation. Therefors the aiy, fiowing pest
~zhe hot iniet and oxhaust valges, will causo a covling ol
thesa parts, and so a reducod liobility to detonation
Also the rosiduval gas guantity bocomes smaller end thore is
then no longer any heating effect on’ $he boost-air, whioh
again alffeots tho knoek-iimis. Finally ths reaction kinetis
influendae of She eonctliuents contalusd in the residual ‘
gases must be taken inte nocoung. Hero the stable components
€8, 00p,H00, Hpand 00 , ané ulso the short-lived. combustion
produetz whioch in some’form or other cam have a chein promoting
or an interrupting affect, and so infiuence tho mook=-1imi¢.

In order to interprev the knoek-limit curves obtained
under certain cperating conditions on the DB 801, end tc
orxplain their shape, which is totally different from that
usually obtailned, rofeorense will be made to the Pactors,
whioh affect the shaps of Xnock-limit CUrves. R

From the explanations of the previous passages about
the probable reasons for kndek im the enging, tha comprewaion
th20ory is ¢he mest probeble one according to the present .
2tage of knowledge.  In this caso the_thermo-dynamiec state
of the unburay fuel-air mixture is decisive. - The fectors
vwiich detammine the temporeturs-limit whlch lsads t¢ self-
igniction of the fuocl ipn the unburny mixture, ere as follows: .
Density end itz aiteration with time, temperature anc its
alzeration with poaition and time, end finally the mixture
compusition and its variations.

‘Under the assumption of constant operating conditions
© ‘the wixbure compusition may ve tsken as the greatest
. influence on the knoek-limit. . Difforence in mixture
position-glives a-aifferonst end~temperature bvoth Throeugh
the alteration of the gquotient Bp/ov and through the
.eltoretion of the combusticn temperature. JFost and his
agsistants wade ‘caloulaticnsconcerning the bemperaturss
prevaliing. For a gssoline with & mean wolaecular weighy
of 100 and with a composition QCHQ)n the end vemperaturss
were caleulated by consideration of the dissociation of
the combustion gases sand of the oxact variations of the,. .
spgcifie heat. 'The follawing drawing shows the valpes for
the end-temperature of the wburnt alziure as a fanetios of

the excess-elr ratio, ,

{Dtagrami Ga&aulatéd‘andntempérature in
terms of the exoess alv-ratio) L

This calculation forms an o&sengial starting peing
iz further discussion om the extent of the knoekerogion.-
It does not, however, .deal with a}l changes which ocour .
with charnge in nixture composition. ) . .

s




] as can be seen from the graph.
in accordance with this the ourves of & number of engines

show that knoecking starts in this rogion when boost pressure
. gnixion—or-o%her—operating—ccndittunB“Ef§“f§?6§gav
the onset of knooking. ; . \ s

o ‘ ' re of the unburat mixturse portion
gomuz™RS Highe tempogatazo of 2,2

.. The temperaturs decrease in the rich region is
. considerably greateor than that in sthe oxosss-air region.
“oemi———-Tharefore-the knook-behaviour shoilé be better in the rich
‘ region thar in tho lean region. The decreasing speed of
conmbustion with increasing air excess, ait otherwise constant.
+ oporating condltions, mpart from the direct offect of the |
- wixpure-ratio (heat,content)E leads to lower peak-pressures
and thereforapeak temperaturos of the unburne residue.
Thia mag rerhaps explain zhe favourable effect of weakening
ths mixture on tho knogk-behaviour alweys essumin, ~that- :
the temperature of %ha unburat mixture is the decgsive factox
Tor the knooking. e knock-1imit curve according to the
DVL " supercharge mothod is a0t plotied 1ike a Tuoel loop &t
a constent boost pressure but ut different boost pressures
which cause knocking at the correspgonding nixture retes.
But we may imegine that tho knock-1imit curve according to
the DVL supercharge method was obtainad in the following
way:- From a sumber of Tugl loops at different constant
boost pressures, the points for the beginning and tho end )
of knoecking have boen extracted and have been plotted againé:
tho oxcess-air coefficient. This vould give us them the -
shape ol a knock-1imit curve according to the DVL supercharge
method. The minimum is similar to the first onset of
knoocking in the fuel loop end is at 21.08, In accordance- .
~with the fact that the ¥nock region is reached earlier g% -
-hBigher boost pressures, the curve continues to rise on bhoutno
sides of ¢he minimum and shows the well knewn shape of a
~knosk~1init ocurve. ‘The different shape of the curves foy
the DB 601 under cersain operating conditions, as well as _the
-prabible causes will be explalned when we disouss the test .
results. - - . i

e : AL;E;IﬂW ast _progedura 3

1} General Remarks:- The engine spoed of 1900 =.p.m. was
chogen’ according %o the samo principles which goveruned the
tests of a general neture on the DB 801 %o find the changss
. in power or consunmption, inerease of the air fiow etc.
The spoed of 1600 r.p.m. preserlibed £d» the measurement of
¥nock-1imi¢ curves according %o the DVL supercharge method
i3 outside the range of normal opt RLing speeds of more .
racent engine types. The selected spoed of 1900 r.pom.
is already closer %0 %he normal speed range. . The englne
noise did not make i¢ impossible at this speed tv detect
detonation. - Alsec the mechanleal stresses on the test-stand
“were kept within psmmissivie limits. /A Tupther reason. .
foxr choosing a highsr spewd.was that the effect "of the valva
overlap on %he, cylinder charge dopends eonsiderably on the
sngine speed.’ ™ The higher %he specd the more dsarly is the
effect on the volumetric efficiency determined cnly by ths
time intervel.. o v ) S
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; gha renge of the doost air temperature between 0,30°
and ¢ 1909C wan sufficiontly groet to cover all temperature
- reglonc met with ip praoctice. Yhen ruaning en eagine with a
low retio blower the boost-alr tomperature - oven nger theo

[ s lpYe T T Y g el-venperatura—from
‘ghe Svendard stmosphere - will probably nmot be bLolow ¢ 209¢.
On tho othowr hemd oved on the aseumption that tho engine 13
aperatod near ground iovel with altltudo ocontrol beceuss of.,
dofects of the blowor coupiings or because of other failures,
“an incroase of the beost-alr tcmporature ebove * 1¢0°9C with - -
high mltitude or 2 astags blowers, need noi be anticipated. -

The reasea Tor fixing the ignition timo was %o Koop
- tho ¥moock-1imit eurves frec from euy adéitional influence due
to igaition viming.. It was kopt conateny for the whola . renge.
. uf velve overiaps aad for all Yuels et 359 beTore top dead '
‘eenire. o : ‘ S
¥P 782, the referance fuel for +ho Knoek-iimit test,
glvas 1t optimun porformsnce ab the above mentloned ignition
.advenco ab & boobtepressure of 1.3 etmosphores. The other
fuels, with tho excepltion of the alecochol mixture, have values’
‘for rhe ignition at optimum performence similar to- those of

the ¥ 702, Gasolins-alcohol roquires e further ignition-
“advenco for optimum performancs. Alteration for the operating
vonditiong also influerices the jgnition-timing. -In this case
the varlables would be the Boost Drouiury, the boost-alr
- gemperature, tha valve overlap and the mixsure -composltion.. :
Apart from the fact that 1t would have been beyond the scope
~ of this exporimentel work to investigate each item previously

~ monvioned with regard to 1ts lnTiuence, on the-iguition timing,
sc many dlfferent-ignition timiags would be obtained that in
_ practice a gpobeial valve piming would be requived Tor each - .
 single meoasurement. o :

2) Engine conditions : PR

The tosts were mads in e DB 60l simgle cylluder undt
" with a compregsion-ratie of £ =-6.8, The valve Binming end
thus the valve overlap was altersd by exchanging various. cam-
shafts and by, d suliieble seleciion of di gferont rockerarms and
wappots. -~ The indlvidunl camghafis gave tho: lergo. diffeorences
in the vaive overlap. The elteration of ‘the distance between
eom end roller fyom the pived of tho rocksrerns perslited
. snmaller variations.im the velive timing.’ In this way sven’
" integral velues of the valve overlap wore obtained. The cholce-
of the DB 601 for the tests was very. fortunase. - We Tound that
the knock-1imit curves in the rich region could be plotted very
Colose to the ignitiom limits of the fuels &0 icng as the oporating
conditions end the maximum quantity dellvered by tae injection=
pump -permitted i%. - Bven in this oxbremely rich region failure
of the onging was not cezperiadesd in spite of & powerudrop-which
- yas.very considsrable at times. . This gave the opportunity of
moking ‘seme intsresting observatlons om the lmock behaviours in
zhese regions ks & consequence of the mixture -formetion and .
aistribution. Also in ¢he lean region the enging ran mmoothly -
. for yuite a large rangs of air excess. This madz possible -
pecurats measurements of ell veguired variadles. '
. {8 -




- It ig easler to keop the eylindor-licad temparatupg
onetant—i NGTWItH a8 1Iquid ¢ooling system then in
A glr-cooled engine. By varying o little the Quantity _of -
. lke Ffroulating coolant and by alteration of Che inie

grature an almost constant ecoolant ocutlet teumparaturs

.fould- ba maintained. 'This had the advantage of permltting .
9e5y poproduetion of the knock-iimit cur¥es whioh is nornally
0% possibla., Peints plotted Yater were on the curve wi.thin
& 10 m8. ilg bovst-yressure, ‘ o :

. .The enpine rem eltogether for 200 hours during the tests.
Liight,breakdowns oceurring during this time were mainly due
. o tho accassory. equipment, After the removal of each . cam-
-ehafrt--the ecylinder was taken off; the plston and the rings
¢zamined and the valves ground in. Apart- from the sparhing-
rlugs no parts were replaced. Arber ¢hy end of the tests
81l the engine and test-stand componentawere in good concition,
811 piston ~rings wore froao, without mucih earbon Iin the, !
“grooves. This was mainly due t6-the uwad of P 18 88 a lubrieant..
R outstanding gualivy is, that it practizelly leeves ne S
deposits. Pig. 1 shows a piston-at the ond of, all tests

+

Lo During the tests the state of the engine was chedked by
& oontrol point teken at the same boost-pressure and booste
air temperadure and wih mixture adjusted Tor maximum vower.

’Ihroughouz-ﬁhe tosts no droy. im power was measured which would
have interfered with the aceuracy ¢f the results. . o

The Ignition point is control’ed continually dn ihe DV
- test-stand by the instalied ignition centrel. We chesked
- the valve timing and adjusted valve ciearamce a% the beginning
.and end of each seriss Jf tests. Frequent pressura fests ]
.. of *ho beost-alr pipes Tor gas-tightness guarantesd accurate
- measurements of the alr guantity. o . -

Ths whole of the test-stand and the gonutyristich T the
plant were arrengad in the well known menner, This is shown
in fig. 2 so thet a speclal description is no: necessary.
Table 1 gives engine and test bed data. o

S

© It was desirable to obtaein ¥nock-1imit curves of the
utaest svariety by using fuels of o different chemical somposition
‘and enti=knock valsas, Therefore the fuels were sub-divideg .
inte -2 groups. The first zroup conteined £:2i3 with approxi-
mately the seme octane number and of as varied a chemical
‘composition as possible, wkich were alse used by the DVL fox
cther tests. %he fuels were -as follows:- :

B _Fuelg:--

Cetans Number

V2 702 & 0.12 lead 92
... Gasoline/bonzol blend . . 88,5
Gasolins/alcohol biend - .88.¢0

) \

. The sécond group contalned‘fuels with cetane numbers };;
dirfering by & 10 units. This requirement was incomparabls
wish similarity in chemicsal 'compesition. . A lerger proportion -

/
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. t N
Of arowatios - vhinh nre vary noed-by-operati
hﬂin- G« couid bs avoided by a suitable solection of
the fusla. - Tho Tellowing fuels wore available: .
‘ ! © Qetene aumber
VE 708 /707 biend 75
VI 70271 # C.iz load 83
Ci + 0.09 leoad . ' . a7

These fuels were oloesly examined as %o their chemical and
‘physleal, properties berore the testa were begun, Particularly
inm porvent was the detzeminetion of the elementary enalysis
and of the rogulting thsoretical alr requirement I, able

Z shows the daty Yor the Tuels end flg. & the boilgng curves.
The mothed for the enulysls of the fuels was dutormined in
actorfencs vith Instructions for Aero . fSogines, Tegt rogulations
Tor Asro-fagine fusis, October is40. - '

«Table 3 shows the date for the syathetic oil P 18 whioh
wag usad for ?he tasta., : : ‘

ZV. Tasgﬁﬁeeultg

e L
L Survey

., . The kaock-limit curves obtained vy taking into accouns
gll tie pointy nontioned sbove for the test brosedurs, formead
the basls for inyvestigations. The ¥nock-1imit ourves are
rlotibed in the followlng graphs for all fuels tested, end for
all boosteaip teuperatures which could produce knocking within
-pormissible 3imise. Tie knoeck-1imit curves for the DVL'
releoreise fuel TT 702 ¢ 0.12 lead with valve overlaps of 409
80% e 1207 crauihangles aré given in figs. 5 %0 7. In ordsr
te ebtain a bsticr Lden of the effect of $he velve overlep the
same wothed 4t piotiing he Knook-linit curve is used for the

giffgrent valve overleps. R.G. Pig. 5 shows the permissibla
boost-prassyre pletted ‘ageinst_sthe exooss-aiy coofficient <oy

the varicus/ﬁgost*uir,temparaturas; Tig. 8 shows the M.E.P.,
end Yig. 7 the boeost Pressurs plotied againsy the injeotion -
Quartty of ths fuel 1o mu 9 eyele.. - Fey ths twe strongly
‘temporaturs semsitive .fuel biends of @qual ocvape nmumber the
kaock-1imit curves are shows in tho same way in figs. 8 to . -
10 for ¥he gasoline/Lenzol blend. Bigi1y te 13 show them
for tho alechol bland. . . : -

Ths Imouk-13mis curves of Tuels of differsnt costens - .
BUMBER are gletied 4n figs. 14 to 18 foy the blend Vi VoeB/ 70y,
Ihrey are shownm in"Pigs. i% o 19 fop.VT 702/1 and for ¢, in )
figs.. 20 to 32. - : ) .

{agame graphs Te avre points which are mo% counasted by
Thesn POANLS-oucuredl onde d ng the test in
of. —They couid not b iv. some other way
ald net agred with the no X i cCUrve. But this
phonomencr could be observed only with the zesoline /benzol :
blend at-high toost prossures sod wlith the 90 %02 at the highest
boost-air Yemporaturas nigh vaive cverlap. Fig. 8 shows the
knooR-11mit oueves Por *he gasciine/benzc) biend at 180¢ ang
ampersiure with 809 veivs.cyeriap. - The knoske
L 1emperafurew, thtained from
! 1 .
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clenarly roproducible measuring points. At 1609 boost~air
temporature, the ongine entored tho knockeregion duriug one
series of teats end qulte iw l-values

ore. obtained. 0On i foilowing day the engine ocould under
ne Qirqumsﬁancas bo brought Ilato the knoek region at 160°c,
When the ignition wes chenged or the boost-alr temperature

-was 1ncreasod the cngine promptly sterted to knook, whioh.
stoppod each.time os soon as the conditions necessayy. for
tho detormination of tho knock-limit sueve wers rvestored.
Thebsame offest occurred with -thoe gasollne/benzol mixiure at. |
1207 valve overlap and 180° Lnosy-aiy temperaturs. - Hore
maeasuring points on different days compared weli at single
aly-fuel ratios bug siiowing lntermediats regions o kpnock- -
Tres operation. The position of the measure-points ang
the manner in which they were obtained no longar justified
the plotting of a_knock-1imit ocurve. Fuels wlth a high .

. benzolecontent also presonted airfieulries in the dovermin- -
atlion of the onset of Knodtin other tests. Frecuently,
scattered points were obtained, which wors not%. reproducible
Unfortunatoly we could not make oxtensive experiments
‘'eoncerning this absence of the lmock phonomenon, since the
mechanloal stress on the engine was 30 great- because of.-tho
high super-charge that the engine could ba subjectad to it
only for a short tims. in the interesy. of She pregervatvion
0T the test-stand and the cylindep. Discrepancies with
T o2 could be found only et 120° valve ovsrlap and 1800

- boost-alr temperature. . The curvas plotted in the graphs

‘coms from 3 series of tests. They show complete agrecment
of tha measure points withia very narrvew limits and so appeay. -
o .be Justified. The polnts cutside the knoek region for '
VT Y02 and VT 702/1 wore obteined in g similar way. ‘They
could only bs obtained when the number ¢f knock impulses was
" smaller than the ucus) average for the evaluation of the onset
of detonation, and the engigre had t0 be broughi from the
knock~free region te the knock-limitv. Apart _from thess ..

- 2 exceptlons theve wsre no other discrepaticias during the S
bests. All other curvesz and test points eould he vepeated '
at any time. The iucorpretation of the test rosulis WRS
carried out im.the $oilo Ang wayi- At first ¢ssis were wede
o ‘sxplain thé suape of the Imock-1imit curves in the 0B 801,
This 1ed to the debtormination of tho effeot of the walve-overle
op the shspe of theo knock-1imit curvos, Finally The change
of the thermel stress snd the decroase of the residual gas
quan’ vty ot incersasing valve. cverlap and their effects on
the knock behaviour generally, vere examined. .

2} The knpck-rozion in the PB 80l. - .

. In the geners) discussion of tho causes for the onsst
of detonatlon 1% was pointed out thas under otherwise
conatant operating conditions, with variation in éstcess~ aiy -
coalficisn?t - as is the case when piotting the fuel lcop -
knock ocours First at approximately ) =1.05. In a great
number of tests on verious engines under corresponding’/ |
eonditions this was in fact the case, and the minimum of ths
kEnock-limit ourve was at.this point. In the ¥nock-1imuid
curve of the DB €0}, however, ¢the minimum occurred away fyrom
‘the region ofA =1.05 and sometimes parsly reached the oxbreny

)

=

V-




CTECTOVIETLS craen
bon 0.6 ang frem nping showed a
0 with Inereasing Cxoeso-air, | o

In comnection with @ inoriler ‘serfce ol teste b =
Jdeteraine the Influmoe of fueis on verious ergines, the |,
-grogsnt, tests provided suffTicient material 4o Gxplain this

phemomencn, fay in cempari@g various sngines, it wag Tound
thed ths 1ieuid socled DB 1 c¢ykinder has a woorer mixture
Tormation, C
This 1y duo %o tha ijection proeess the turbulence and
sEructure of the combuet ion-chember and temporature state in
Lne aud takes offeot particularly in the rich roglon.
Unvaporized uel partielos may bhe present in droplet-Torm,
In erder to explain tho knoeknbehaviour‘a nassage from a
book by Lindner is qQuoted: - : . .
: °In the pressnee of namnvupoxiheﬁ4“fual_ﬁrOQIetg in sae -
mixture, Callzndar could detect an {ucréass of perozide -
rmation and at the same tine o decrssse ln venetion Lempera-
YUre 8% compayed to miXUTY with complately vepoxrized fueld.
AZ & vasuls of wnrichm 1% of the mixture there 8ry woftgd in
i ate nelghbourhoosd  of the droplets whieh ere partieu-
vourable o the formatien of peroxides,’ The lower
¢ bomperative of an engine the greater the rroporiion
Tod o ) plete 2% ke stap: of sompressicn. -
Farafvinie Tueis avs intluensad BOST, aromatiecs lsast.
produat e of - the reaction ars meinly aldshydes ang aelds.,
Yhers is no paroxlds Tormation with benzol because of 128
resistance %o docompodition. wigh alechol the moleculsr
combination 18 iposoned by the ineclusion af oxygen,
Tursier oxid tien requives enly 1ittl ~ENergy "0 oty on - .
K uliing products of oxidation bEeAUSe 6 thelr
15w enevzy of dissociation do not lead to rapid vemctiocns .
whtch ean nroduoe knoeoling. 7, .

U Thvse Pindinge and their applicetion. ¢o the -resulis -
cttained with—thae DB 801, mads it pogsible to. dxplain ths
phoncmency we oluserved. The poorer miztirve Porwation in the

C DB 80L is nerdieslsvie affaotive in the mien region and there
aporited  fuel particles in dropict=2orm, The usual |
imis curve of cogines faills from the exvesg-alyr region

width 'a carteln inclinaﬁian‘depending an Yhe kind of fusi, the
mzsinsg . an %he‘Qperating,conditionsn %o &-point in the region
ot

of Y. ='i.05 apa Trom, this point rises 6gain, - In comparison

¥ e - g L. N . M
with this, with a knock-1imit. curve o7 the DB 801 st a ilaw .
hoos?rairw%emperaturec the deelining branek of he ourve s
in the rieh Foglon, Wiih ingw asing mixture atrength the

nortion of Waveporized iy particles beoomes greater and thug’

he posaibility of ths' formatio of ‘peroxideg, The Imogk.

1imi$ curve doms non therefore rise iun a normal way from She
usbal -miminum ox seeoun? of the %
mixturs residue, but tinties to £ali, After the curve hag
reached its Iowaas Buint 1% usueliy shows an elmost vertical
rise. - With igher hoestuair.temparaiure.again a falling curve

~in 313 ion ig agein obtained, indicating that the

L mixture Tormevion i improved. . . ' Co e .

’

Bl
enmperature drop of the unburng -




- Tho highor oyiinder temperature deoreases tion
~unva z icles, and vherefore the minimum of the
" knook-limit curve moves further towards the rich region. Yhen
" thd boost-sir temporature, and thus the tompérature in the ‘
interdor of tho oylinder is inereased further, tho knook-1imit
surve rlaos from the point N.e.1.05 since over & certain. s
renge of tho cxcess -eir ratios there are no longer eny uavap-
orized fuel partlcles present Dbeacause of the inereased
, tempeorature.” .They oeccur e n oniy whenm the mizture 1s further’
anyiched. Again a dgeline the knook-1imit curve acours in
.the exiréme rich pegion down to a second minimum fyom which tho
vertlieal agcont in the ewirome rich regilon ¢akes place. The
. change of the minibug roint with boost-air temperature for VT
702/1 and €1 bas bom plotted in fig. 28 for the whole expori- i
mental range, vin. ot 809 andg 120° valve overlap. ' Considering
tho aifficulsy of dovernining cractly the proper minimum of the
" knoekelimit curve in Sho exging, the seattering of the poings
is vexy small. . : e . :

From a numbor of knock-Limit eurves which showed the.
displacement of the minimum due to ths mixturo formetion and
also the change in %ho shape of tho knook-1imit gurve,a .family
of' curves for the whole renge ol the booste-gir temperatures -

-was plotted in 7ig. 24 in a thraee dimeasional representation.
The knoeck-1imit ourvos ave shown for the fuel C; +'0.08 1lead

" at 40% valve overlap, At boost~air temporaturés of 30° and
509C $he verdioal rise at the rich end occurs following an
almost linear course of the curve from A= 1.2 to a minimum -

. value iz the rich rezion. %The knock-1imit curve it -80° shows
& smail bend First at A\ ~1.05. Then after 2 small discon~
tinulty indicating e tendency to rise, 1t vontinues to deeline
%0 thz lowest point in the rich reglon., At 100° boogt-air
tomperature the knook-limit curve shows First a-jefinite

- Minimum,at.kar\,»eosa --Then, after-a-short-rise %hore is ap——
»«a&mcs%~linea?—decl&na~20*a~second-minimumrf—diareArema&ning EE——
~irroguleridiss in the mivture Tormation due %o tho pregsencs of

‘unvaporlized fuel particles counteract the rige of the knock-
1imit aféer AL = 1.05. Again there is a sécond minimum )
of the knook-23imit ia the rich roglon fellowed by the stsep -
rise.  From 130° baost-air tomperature onwerds the knook-

- linis curves show the usunl rige om both sides of a minimum
value in the regionm of 3 ~.1.05. The decline of the eurve
.after ths peak value in ‘the rich region, is explained by the
increasing presencao of tuvaporlzed fuel particles due o the .
extreme rhehness of the mixture. This parviculer representation
in fig. 24 shows very clearly the mixture composition as a )
funetion of the boost-aiy vemperature end its influence on the
knoek-limit curve, the samo phencmena may be ohserved with all
the other fuels with the oxception of the 'gesoline/benzol and
the gesoline/elcotol blends, - .

.~ The passaege guoted pointed out thet the behaviour of
erometie fuels is least affected by the prasence of fuel
droplets in the mixture. - In faet, under conditioms still .
-ecmparible with the relliablility of the enging the minimom of
the knook-1imit curves of the gesoline/benzol biend - & highly
aromatie fuel - is always in the region of the usually cbserved
value 0f7 = 1.05.  But this does net prove that aromatic
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fuels-with—-sorresponding-enviohuent—and—inorsase—of-tho—-boonss

. yrassure do not show a second minimvm somewhore in the region
8 fuel ‘excess. . The fuels used for the tests hed different
aromatic coutents. Cy hes the smallest content, viz. 1%.
Moxt comes VI 708, then the mixgure ¥2 796/707 and finally ‘
gasoline/bonzol with an arometic content' of 655, ~ Thus it was—
poasible o Investigate tho position of the winimum booat point
at a constant boost-sir temperature in terms of the aromatic :
content. - Filg. 25 shows the values of the excess-alr coeffiient
Tor the minimum of each imock-limit ourve in torms of he -
aromatic contend for the various boost-alr temperature end
valve overlaps £o7 tho Tuslis mentioned. From the fuel Cy /:
vith the smellest aromatic conient and with the minimum point
farthest in the rich vegion, with inoreasing aromatie content,
the minimux £2 dlsplaced more end more vowards the weak region. ,
until with the gasoline/benzol blend the usual minimum at §, «1.0%
is resordod This permits the assumption.that in the presenc
of unvaporized  fuel particles,; the formatiocn of vsroxides
really depends uponm the aromatio content of tho fuel, and that
thie peroxide formation bedomes less and less manifsst with
inereasing aromatic contvent. It ceuses altogether, with almos:
pure-aromatic fuels. :

. The fawtors which determing the Knock behaviour of alecho:
have slresdy boen mentioned. In splte of the presence of
unvagorized  fuel particles, thess do mot influence the knock
1imit deelslvely.  Also, the minimur of the knook 1imi¢ curve
is only lit¢tie affeoted by the Semporadure aof-the boost-air
and is always in the rsgion. of A~1.05. = - -

© The previous diasoussions mentioned soveral times a stesp
rigse of the knock-limit curve in the extrome rich reslon which
oould be observed with some fuels. Considering any c.e graph
which shows plotted egainet the excess-air coafficient the
e knock=1imit as. boost pressure in mm Hg, ¢.g. for the fuel
TR thisstesp-rige-of the—vurve-Ls-displacedrfarther-towards
’ the rich reglon as the temperature rises. If, however, the - - = .
curve is plottef] for the same fubl against the injsotiocn. - .
quantity in mm Y/oyels; the coérvesponding peints Tor all  boost-
alr temporatures 110 os one GUPVG. This means that ¢he engine
in this part of ths vich region independentiy of the boost-aiy
temperature; at -tha sams boost-pressure end jnjeotien quantity,
. enters the Imook-region. Consoguently the knoek-1imit is
displaoced more and more into the vich regiom whem ‘tha boost-asir
temporature risss gnd s¢ raduces the wolumedrlc officlency.
So long as tho engine wes working in this part of the ¥nooke
iiml? ourve, a relatively Further small cariching ied %o en
almost immediate power-Arep eonnsated with Failure of. ignition.
From these two phencmena i3 may be deduced that im this rapidly
rising part of the curve in tha rich region the knook-iimi: ‘
and the ignitien-limit¢ of the fuel are olose togesher in this
engine. ~The following observation supports this assumption:-
The ignition-limits become wider with the increasing temporatus
of the system. In the present ocmes, the stesp part of the
knook~-ilmit ourve - considered as the ignition-iimit - moves
more end more towards the rich region with inoressing bosst- .
-ai® temparature. ‘ ; s : _ AR
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I-Tho -Algggggﬁgr1£gg:¥&£§g:gyemiap—on—%he+q ctortstion
-3 thp Knock-YXmit eurve. ‘ :

~1n the following discussion of the results which deal
with $he gensral form of the kadek-1imit ecurves only the
changes In Ythe charaoteristics of the curve ltself, will be
discussed. The veriation of the general position of the
curve, is reserved for a cpecial chapter of this report,
bt L% was not always possible to aveld anticipating some

detaila in order to oxplain certain pProcesses.

Feom conglderation of the gsneral form of theo DB 601
curve, the considerable offuvet of the boost-alr temperature
was observed, l.e. tho Leounervature state of ‘the mixture whioch
determines the mizture formation. On the other hand, earlier
toats showed that the.valve overlap at a given 4,%.P,, altersa
the thermal intervael siress of tho dngine. I4 wes obviocusly
desirable to find out if there was a relation between these
wwo different oporeting comditions, end what was thelr 6ffect
on the. engina. In one case the increase of the boost-aliy . -
vemporature increasss the coupressicn temperature and oon-
sequently tha temperaturae of thet vart of the uaburmt mixture

- before the flamo Tront which haw a tendancy to knoek. - This
0BUS3S ¢.g. sarlier knocking under atherwise constant operating
.eéonditions. The scavenging of the dead space improves with
inereasing valve overisp, and the decreaseq proportion of .
resgldval gas end tho possible scavenging-of the ecylinder lower .
‘the overall vomporature,, This lowars the compression
vemperature at ths seme boost-alyr temperature in eomparison

with an anglne with small ‘valve overiayp. Therefore the,
copditions fop the onset of detonation are no longer the. same
end the zhape of the knock-1imit changes. .

I% 15 woll known that change of the ‘boost-alr temperadure
chonges. the characteristics of The inock-1imis curve,._ .. Qn the .

‘ other hand & similar change of the shape of ¢he Imock-limit -

———Curve-mayr-be -produced by-chenging the ;valve-overlap by & coertain
amount If 8 relation is established botwesn these two Tactors
influencing tho shape-of the knock-1imit -eurve tho effest af:
walve overiap may be helsnced by a correspending alteration in
the boost-air temperaturs. : AT

The influence of the residual ges-on the heating of the
"charge must alse De considored and furthermore the.¥ tics of
reaction. The stable rasidual geses e.g. Cop, B, 00 apd
the short-lived produegs or the conbustlon prossss can in somo
form or otheor have n chaln- introducing or Interrupting effoct.,
It must be assumed howaver that The genaral shepe of the knndit.
limit curve is influvenced mostly by the vaporizati on of the
fuel and 1ts effeots om the mizture formation, as aiready’
poinzed out. I% may therefore be nssumed shad the reastion
kinetic effeet of the residual gas infiuwences tho form of the
knock-1imit curve to.a lesser extent, and affect chiefly its
positien. ; Co . :
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horfore tho tasts were interpreted in this sensoe.
Without consldsring the neight of tho knock-1imit curves,
hose of similar siepo wote seleocted and compsred. Fig.

‘xzs-ehOWS'suah-eurvsa Yoy the VBTiOUS valve overlapy and

“for the fuwl FL Y02/l ¢ 0.12 TEL.  Attentlion hms besa
pald to thao courso of ‘the Pnock-?imAm curves, to¢ the ro-
Lative position of the twoe minima ond to the direction of
the curve betwoon *uaan Lwn aofints. - This graph shows thaw
almost the same shaps of the curve is obteined by the -
folicwing valuosie

Yaive overlapie Bbos%édir tenperature: -

A0%crank-angle T an%g
an?® Qorenk-anglo 16030
120° erank-amgLa~ 1907¢

Therafore the inerense of valwe overiap from 40%cranlk-
ngla $o 0%eragk-angle would be equiv&iont %0 # boost eiz
tomparaturp ineroase of approximately 809C. A further
inorsase from 807 cramk-angic to. 1>ﬂ°cranﬁ~mngle could ba
eompaneatea by a cemperﬁ’*r change of abouy FOC.

~The irvegolay ,vup in tenparetury for each valve. over-

"lLap incroase cen beox alaed by the fect tvhat the offect of
the cliange in- yelve overiap from 40% o 80 is considerably
greater than-the furthoer increass fyom 80° to 126%.  The
zeme effeet could we observ&& auring uost ‘e investigade
the chenge inpowsr aud air-T henl using various fusly,
viz. Zhat & further Inscvessy ol un u;r@adj groat valve overe
lap. gives velatively iittle improvemant. Wa-ses sgein that
@8 scenl s that valus of the .ve overiap iq reachod which
rosulte in en almcst cemplete scavenging of the dead space,

-+ a further inersass of thoe valve overlap ac lengey reduces the

thermel internel stress to the sane ex Lant.
Por tne other tested uols she seme ovaiuation wes made
Tiad ou? the aunerical "Lung g of the no;omna‘r L EAP eI 8-
which compensate the effaects of valve overlap incyrsasse.
27 sho 7o vhe knock-Llimit curves Por various velve owere
with »i 2. correspond ng boost-Eiy %enperauu #8 IoP the
O+ Q. Gdﬁ TH, . Foxr this fuels curves are-plotied which
gach bemparature show Tinally: near knock-1iimit curve
ovar the whole vange of the oxcess-alyr wowlficieant with the
xzoopbticn of the sioep vise in 3he rlch regianr . It was no%
gossib @ 0 show eurves whieh egpond O one suother and
also bavs similey pogltione of the marlmL end minima, sinco
this fuel wisth high anvi-kacok value could soms times motbs
¢ested over the wholo rauio as the ahyrass onthe engine had %0
Yo valzen inﬁ@ aseount. . .
In Fig. 28 are given for $he mixture ¥l V&SL/VQ?%hosa
kno*ku11m1? survaes whnch have similar ~huraoﬁeri gtise, - For.
iﬂL’ CUTYeSs ware dgstincbly :
ner. lac; the boost-alir temporadu
comunns&%@ ohe vRLVS nverlap ehqnﬂo
fram “40% 30 anY equgle, decrsased from 80°3 wo A0%C;

fn Pig. 22 and P¢g‘ are” curves for the two rnmﬂsning'

S fueln, viz. the hia%ds ol -asailna/venzol and gaﬁo na/alcuh
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Here 1t was nct possible to relate the curves to ono susthsr
by virtue of ¢heir slmilarity. Reference to fig.8 d#md fig.
.11, which contain all knock-limit curves of thése fuals,
shows—that—tho—-sh koozlk=1Y PRI F i d
pendent  of ¢the valve overlap. This fact in itvselfl in not
new. Comparison of knock-iimles curvos plotted ek various
boost~air temperaturos, shows great dilffvronces im thely
positions 4ecording ¢o whether vhey wére vlotted against o
or .. The elteration.or the siopw of thesc mock-limiz -
ourvefl’ 1s insignificsnt compaved with the elteration iu .
heignt. Duzring tho ¢eats one has %0 boar in mind the. faot,
that with large vaive cverlans we obvalnm values of the. axsess-
alr ratio which do not agroe with the renl sngine conditions.
Therefore the siope of the knock-limit curwes is mo longer
to be takon into considoraticn 2z a msasure for the infivence
of the temperature.’ Thls 1s why the two highly temperature~
- sengldlve -tuels, viz. the gasoline/benzol and the gaselins/
-aloohol blends, wore assessad according o thelr sorvrespondim
heights and plotted im Tig. 29 and Tig. . Byen with Tho
- emy range of results avaliable for the compevieon it eppoars -
that the alfeod of the velve cveriap on Phe kncek iimi¢ can '
be cempensated by a egrresponding aitorasion of thu boogt-
alr temperstuyrs. ‘ C : T

4) Ibe iqf&uegbe oF vaive overlap on_the enti-knook Vuxuy'

oL . ARek s, .

Whilé in the previoué- chapter how $he shenga in Bhay@:

of a knook~limit curve with inoreasing overlep, was discussed,
in this gection theo variation of the lmoek-Limit 3tself vils .
be investigated. Co : -

©~ The factors which, with echenged overiap, infiuenee the .
porition of the knock-limit are, in this vase!w The boost-air
temperature, the scavenglng of the dead space, the ealveration

. of the thermal Intormael strese snd thoe rezldusl gas quantity
with ite ¢themsal infivencs and its offect on kineties of

. reaction. It iy of vourse axdromely 4ig7iouit ¢ separats

*__these effects. For there ip in wmost cases en influenscs of

T severdl ol the factors memtionsd, ond tho shange of ona .
factor necossavily causes changes one or several of the other
factors at the gamg time. We' vgen essoss the et results -

. thereTors only by teking thoss Tactors inte aceount wiiech havs
the greatest offect, at the same time polnsing out dWwat other -
factorse slso contributs. Thersfeore 1% will mot b8 possibla
%0 glve a vaiuo which is gemerally applicable to sll fuels, snd . -
which cxprasses elearly the elteration of whe kucok-iimit euzvoe
with the valve everlap. o - ‘ ‘ :

The influonce of the veive overlap on the Xnook-ilndl was
assassod 'in tho following ways:- TFor the individual velues of
the ox088s-alr coufficient were plotted the cordssponding’ vaelue
of the boost pressure on the knock=-limit curves end Tho .pra-
vailling mean effeotivs pressure as Tunciions of ons auovhar.

- A comparison of points of egual eoxcuss-aly coaffivlent they -
shows how the Imock-limit chonges with the valve overliap.

. It appears agprogriaie,%a_@zplain the proosess ouﬁiined
sbove with the aid of fig. 3% vhich illustrates the svaluation
for all fueis.  The polnts of equal excone-air oocelfficients

S




Note—sorreyvoniing—b B85
. ohtxincd Trom the ¥nook-iimit ourves, are ﬁlattaﬂ for ell
“valye cvorlaps and sll fuels,. at B boost uir temporature of
1309C, which is the reference temperatuye ‘ol the DVL super=
charge nevhod. . Thiz nethod of svaluetion has of course -
the disadventege that those points of oquel excess~alir
coafTiclents 40 sot reproducy the real mixiure oompoaition .
correctly. Flyst of ell, the scavenging alr quantity {noreases
with lnoreasang valve overlap voceuse of tho way in wh
tho alr flow is measurcgd.: Therefore the oxoesa-alr ratio
i8 t00 lavge in comparison to the actual mixture composition
and the pointyg are displacod towards the leen region. Seoondly.
thove i on additional arror which is dus Yo the way in which
ahe knock-limid ecurves are plotited. For tho boost-pressure
is changling &1l the time during the piotting of su oh a curve
angd 30 alsa ie the seavengw air guantity, se that the

inividual points have different errors. When 1t was tried

baas the evaluation qual injection; quantity, similar
aifricvities avoss. - Here the miztu ompesivion changos
seedling $o the residual gas remainiwg in the cylindor with
al ir sezion quantity and varying velve overLap. This

again m@an" somparing polnts of diffsront power-drop-

with censideration of thess: dfgadranseges tha inters
praaauiwn of Tig. %1 gives ths fellowing resyli:- The
af OVLTl&D trom 4G° to 83°% inereases the

K bly with all fuels even taking wrongly
sad axecss-alr coelflclent into aeeouﬂtﬂ A further

s of tho valve averlap up to i120% srank-angle gives
X HOMY u 16 a further small incorease of snti-knock per-
rrenon, with othors, however, there is no further improvement
@r wvon & dueronse i the 'mock-1imit. The fuel VI 70271
ahuwa very eleavily how the kndek-behaeviour changes with the
ve overinp., ‘Mere points of almost equal air-fuel ratio
voujc bn leined by a st'sighn 1ine as-ghown in_=fig. Bi.
- With vu¥va overlap of 407 2 M. E.P, of 10 kg/cmg"is obtained
Enock-1imit with a ccns”gm“ beost-pygasare of 10%0
e Mo, , weils ad €0% 12.3 kg/cm and &% 1/0“ 13.5 kg/am is
reyned. : .

The soms gveluathon is made in £;g, &a far the same
fusks with a beost air vomperature of 160%C. Here tac the
Lsalvidual kncesn&imita of the fudls ghow o considarsble -

creese un 20" 809 valve overlap. . Beyoad that the anii-
5 0f $he fusl in guestion Jncweasas “nlatively )
e 0T avon docreasss.

" In order 0 ohoifiw bhiﬂ rather unazpaaﬁpd placmomenon,
s abtenpt was made to relots actual nolnts of equel mixiure
‘yamnaeitioan For thia purpsgs it. geemad besy t0 compars
the ipdividual minima of the knook-limit curves at hizgh boosts
: GeRparaturs. The position of the minimum of the knock-
mi; curve erd 135 dopondencs oR tho boostiair %emperature
the wvelve overiap has s}lready been discussed.  These
rousidrrwbiongshowed that the onset of knooking occurred at
inigh boosd=elsr tempe vahuros neay-the stoichiocmetric mixture
ratlo _ragerdless of the kind of Fuel. Thid means that the
nercentage power~-drop ls almost the 'same ai thesa points
and Thad ahey cap be comparad dirootlyo .
1 .

Ty "’




N In scoordance with the neiples_outlined above, fig. 33
@~ ohowd, tho change .of the Xnock-1imit wieh galve ovaerlap for 180°C
‘ boogtwair temperature and fig. 54 Tor 1909C, 4n inoreasg of
knoek-1imiy up VYo 809 vaive overlap is shown with 8ll fuels.

Beyond that, the tendeney of the individual fuels dliffers. The
fuels VI 702 and ¥T 702/1 still Bhow an appreciable inorease of
tho anti-imook value. Though -the dboost pressure inoreases only
very 1ittle or oven docresses thare is an inoreass of the M.E.P. -
obtainable &t tho knoak-1imit. Mo noticeable inmerease oocurs ‘
with the blend 706/707. The gr:oline/benzol end gasoline/alcohol
blends however, show, a drop in anti-Enoek value with the high
valve overiep. / . .

It 18 quits difficult %o ozplain thls phenomenon considering
that thers was not mueh test material and tnev this was obtained
only frem one engiug.. The gsneral statensnt -ovonocerning tho
influence of the inereesing valve cverlap on the knock-limit ocurve
vwas that the altered thermal intdrnal stress and the reaoction
kinetic offédcts of the resldusl gases ore of imporiencs. The
tosta show that wheon the velve ovedap is. altersd from 409 %o 80°
oranpk-angle the themal inlternal etress must conslderably decrease
sines with the same beosi-pressure a torresponding increase of '
the M.E. P, ip posslbls at the knock-limit. Under certain
clroumstances the boost-pressurs mey be inereased still more with-

©out exceeding the knook-limit. The decreasing proportion of -
the repldual gases_csn be.motiesed in this region of the valve
overiap by the reduced heating of the boost-alr. - In-addition
-there is ¢he cooling affect of the scavenging alr. It cannot

be established with coertainty how far the inf luence of ths -
residuel gasss on the kinetics of rouction extends to the knock-
behavicur in this reglon. ALl fuels showed an incroass of antie
knock performasncé whem the valve overlap was increased up o 80¢ -
orap-engle. 'Since a veried valve overlep ney be sompensated by .
a2 ecerresponding alteration of ¢ha boost-alr temporatuye, it is
apperent that fuels of & lower temporature sensitivity have a
smellor, snd fuels of a high tempo aturee sensitivity a higher
incroase of tHeir anti~kdok poriornanco. ) '

- - I% is eclear that s further increese of the velve overiap
to 1200 crank-angle is followsd by a further decrease of the
thermel internal stress. - This.should therefore lezd to &

. further inereass of tho anti-knock value for all fuels. Reference
howsver, to Tig. 33 and fig. 34 shows thst the effacts of She o
valve overlap are irregular. The fuels ¢f low temporature-sensit-
ivity atill show an incresse of their anti~knock velve resuliimg
from the decreasing thermsl internal stress. But the Tuel blends
of a high temperature semsitivity which should gain moat from a
doorease of tho thermal 4internal 8tress, have unexpeotedly lost -
some of thelr anti-knook veiue. - Therefore i3 may be conoluded -
that the residual ges has quite an eppreciable effect om the RS
kinetios of reection infiuencing tha knock-behaviouw favourably
80 ther Tuels highly sensitive fo 3 mperature are aelso effected
by this faetoxr . In the present sassg; o. at o valvs overlap
of 120° ocrank-anglo résiduel gas quentitiss are no longer of any
-impoytance. Therefore the favourable influenca on the kncel-

~1imit doss mot exist. -, V& 702-with a small srometic, content
showed an”inorease cf tne anti-knock value at 120% valve overiap;
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_ ¥ho 708/707 with a highor aromatic content had its knook
haha nohangedi—the—gasetino/bonzol—vlendwith—the
highoest aromatic content showed & decrease of the o cke
1imit . At 80° valve overlap an increase of tho anti-.
Imook performence took place, cmused not only by the small
thormel. internal stress, but also by the rosidual gas and
-1ts influonce on thé reaction kinetios. At & value over-
lay of 1209, howevor, tho change in the knoek-limit is due—
%0 the further deoresss of the thermal interasl stross end
to 'tho-absonso-of residual gas. -An-inoreasa or decroass
of Ehe Imock-1imit  then depends.only on the kind of fuel
used - - '
5) Gsmeral effach of the valVe overlan on tho Knosk-behaviour.
This chepter gives a.short survey of the, effests of
valve overlap on the knoeck-behaviour of fuels taking into
aceount the individuel factors involved. - This ig Tollowed .
by -a. few hints on how the DVL supercharge method ¢culd be
adaptad to the operating conditions of modern-nain engines.

- 1% musY be emphezized, however, ¢that all tests were

. mads with a liquid cooled engine, and vherefors 1% will no¢
be poesiBie %o apply these toestjrepults exactly %o en air-
coolod engine. On the whole the results will be the same
rut 1% is just possible that slight deviations will ooeur,
because the Yemparature is anm alr cooled engine is consid-
erably higher. . Tests now in process concerning the Snfe
of the walve overiap in an ajir cooled engine are the logical
continuation ¢ the tests fox the DB 601, - When: those tests
are snded 1% will be possible o £ind out oxaotly how lar
tho results coincide. . . )

The taéates showed thet the valve overlap has & very

marksd influence ¢n the knosk-behaviour of Tuels. . The
changed thermal internal strass together with the different
rosiduel ges proportion does not only alter the characteristios
of the knocke-1limit curves but alse the genoral position in -
height, i.a8. the antleknock value of the fuel. It was. possible
0o determine clserly end exactly the inTiusenee of valve over-
. lap variations on the characteristics of knook-iimlt surves

of fusls which are pot oo strongly susceptlible to temperaturs.
These ochagracteristios depend upon the temperature and upon —
the mixture formation. When the knook-1imit curves are obtained
for one fuel and for one wvalve ¢verlap over a large wrangs of
boost ‘eir temperature the shaps of %he knook-limit surve may

be predicted & a given boost-alr temperature for angther
velve overiap without refersnce however, o it's height.
. / B

A satisfactory solution cculd not be found Tor fuels n¥

& high tempeorasure senesif vity, viz. for blends with a high
arodatic or elegholic content. Since with these fuels the
mixture formatlon as affected by bodst air temperaturs hes
almost ovinfluence on the characteristics of the, curve the .
. compensationr for varistions of boost-aip temperature vy slter-
ations In velve overlap cemnod be established. A variation

.of the wvalve overlap with these fuels causges only & variation of
Their andi-knook valuve by aliering.tho height of- the knook- -
“13mit ourve. Lo Lo ; '

/




-
“As regards tho alteration of the angi-knook value of
T -————— VA dous—fuets— JANLCUAT M) 00, ong oifects on..
< Andividval. fuels did not show any dorinite relation to ¢helr
" chiwini cal compositvion. When the valve overlap i& increassd
from 40Yto 80° crank-angle tvhore 1g usielly an-lncroase of
the anti-knook value. It did not matber if the knock-limit
LouIve wes plotted sgainst the permlssible meximum booste :
pressure or agalnst the M.E.P, | With the general increase
Sof the anti-<imoek value of all Tuels, the order:of cvaluastion
of the individual fuels at the same boost-alr Yemperaiurs
rewains av least appro nagely the same so leng‘as the valve-
ovorlap e varisd within the rango of 40%o0 80¢, - -

. ‘When Uhe valve overlap ‘is s31ll Turther incressed the
chenge of ¢the anti~-kno becomey quite different. The. -
different behaviour of > 1ndividual ruels as regards the
anti-knoel wvaluae, does n yet ' pormit at present any ciear
cut eonglusining - as rogerds the orvder of evaluation. Thisg '
ohunge in rating depsnds upsn the fuol tomposition and varies Trom
increasse vin constancy ¢0 & decrease. . . .
. The foilowing Factor has to be taken inte geeount Fow
fueis which aro less tomperature-sensitive:e " The reduction
of the wolumetrie efficiennsy with lnereasing beosg-air temper-"
aturs and the increased thermel internal stress, av & largs
value overlap balance esch otheér for e cousiderable -temper
range and for thed reglon of the dwxcess-alyr ratio which musdy
be consgidered for praceival ocpsrating-conditions, so long as
we taks the M.E. P, as a erfiterion, Fig. 35 shows such aa
evaluation for the’ fusla i and ¥T $02/1.  The separation
or the Pye Xnook-1lmit curves was taken from Tig, 18 anéd fig.
-2l ond pictted at. 30 and 13090 voost-aly temperature for vach
individual valwe overlap.  Tho Knoek-1imit eurves of thase
- Tuels plovied for thoe intormediate values of The--voogt-alpr—
tempoerature of 30°, 80%ang 10080 are within ¢his temperature
range when plotted against ppes ¥ith ihcreasing valive overiap
the difference of {he cbisinzbis Pme FaMes diminishes, .and the
curves within ¢that .rsgion of the eXéees-giy ratio which is -
relevant. for proctiesl epsration, elmset coincits at 1209 vaive
~ 8o the measu 0% of Puols which are less temperature
3ed oun tha E.P . obtainasble at the knoek-iiniv, a%’
(aelous beostealr vemporatu g, would serve no furiher purposs
with the lerge vaive. o L .

Acoording to ou ] tegt radults it appeers that the
mnii=ltnock volue of olg with high tesiperature-sensitivi v i
dsteriorates Y¥om a ¢ ¥ ; Thls ip at
about ‘1009 crapk-angle. | Bui v nti-Anook verformanoe at
;2&0 ralve overlap is still b then that whish was ebtained
at 0% velws overlap when testod acesrding bo the DYTL superchargs
mathod. . Bud undsr thaose roumstances Lt 4003 nod seem deslrvable
te test aromatic fuals und altered supercherge conditions, e.g,
with a valve. ovezrlap of 86%, since 1% may1ba‘ezpegﬁed‘in sugines
with & higher sverlap that the Imeck-13mit i reschecd eariler.
Thie cennot be finally esteblished at present, sinke in moders
main engings there is not .enly ths incwveass of the valve overlap

Sbut also ax- increass of the compression end dests have been— -

gterted o £ind ouy the influsnce of compression at large valve
AV eTLRPY - : . . ; ) S




. A Turthor argumont sgainst the change of tho valve uverlap
%0 80° crenmk-spgic in the LYY suporocharge method uwader otherwlse
the similav-~conditions is the necessity of testing aromsiic
fusls at bocat-air Lenporaturss eceurrizg in practioce. _This
leads to such high boost-pressures t6 get the engive to Ruock,
that the lacxeaged mechanical stross makos it doubtful if the
togt~stand . would be reliable Tor prolonged testing.

s . The gquestion 1s, whether it would not be bettor to tést
aerc-ougine fucls especinlly for actusl operation, in the single
‘oylinder of -tho engine ¢ype in question and under the operating
conditions relevent to sach partloular caso. Teste st prasent,
show that ths knoek-limit curves svennot bho applled sxactly te¢ ~
predicting the behaviour of given fuel in any give: mein engine
under mny given conditions after tesving in en individuel single
cylinder cengine. The results oblained by the DVL. supercharge
method are doubi‘ess very signifivant for ¢he evaluation of fuels;
their appliocabilivy, however; to mein ongines is vaether doubiful
. 8¢ long ns conditions are met which vary a grsat desl from thoss -
_¢X the DVL supercharge wethod end which are knowa %o have a !
conplderable influenoce on the knook-hshaviour of fusle. ‘The
observaticn that %he less temparature sensltive fuols at high .
valve Gverlap show an inerease of the-enti-knook vaiuve from rich
to week mixbures leads to the .following conclusion:- Whilst., ‘
up 0 now the remedy for the onset of Imoeking at teke-off was
enrichment of the mixture, this measure would cause the sontrary
effoct iw liquid cooled engines with & high valve overlap. The
course of the knoek-iimit curve, e.g. of ¥2 702/1, in rig. 18
shows clearly; that at 120° velve overlmp and up to 180° booste
alr temperaturs an enrichment of %he mixturo would only result
in greater knock tendenoy. In these cases waakening of the
nixture might be & remedy &s long as the permissible powsr-drop
vag not éxocgsded. e, .

.The exztenslve tests and the test data given here should alsc
- 8ssist the.work of soms investigators who are attempting to :
“caleulatve the offect of operating conditiong on Xnoek-limit curves
*and ‘2iss thelr applicebility to practical conditions. B

The tosts on the influence of the valve overlap onm the knoock-
behaviour of fuels of dldferent chemical composition had the
- fellowing sesuleata - -

.. - The DB 601 zngine showed for fuels with & low temporaturas
~sensitivity a peculiar knock-region under certeln operating
~sonditions, e.g. with e high valve overlap cr—icw boost-aizr

temporatiure. The curves show from thelr minimum in the rich

raglon a continuous inorease of the sntl-knoek value, and s

differ considerably from the usual nook-iimiz curves obiained

by the DVL super: charge method. This phenomenc™ += saused by
the mixturs formatiom. The presence of unvaporizsd - fuel
partisles in the form of droplets and the resulting inocrease of
perexide formation sould ba proved ic be dependant upon tho
boost-air temperature and the valve overiap. The inoreasing’.




beogt-air temporeture or doersasing valve overlap improved
the mixture formez whlch cs dShe-minloum—in—the—pioh-
region to bo dlsphaged slowly, and the knoek-Iimit curves
took- tho shepe Temiliar to other ongines. ” This phonomenon
was riot obsorved when using temperadure gengltive fuels, .
benezol and aleshol blends, sinee the condltions causing the

- onget of kiocking in -the riech veglon. ere absent. .

Ihe charsetoristios of the knoek-limit curves, whiech
depend ypon the nixturs vemperaturs and the,reaulting nmixture

- formation, and thoir reaction to the influence of varied
vaive overlaps, could be determined in theip order of megni-
tu The offeet of tho dermal internei stress; deoreasing
with ineveased valvas overlwsy on the shapo of the knoek-limid
ourve cam be compeasatod by & corresponding ilnereasse of the
beost-aly remperstura. The inorwese of the valve cveriap

—fron 4¢% to 80 crank-angle: can be comarensated by inoreasing
the boost-elr temperature by about‘sqacp The further increase
of tho valvo overlap from 809 to 120% crank-angle 1s equivelent.
to,a temporature increagse of the boost-aiy of approximatoly
¢,  The variation of the helght of the knosk-limit ourve
was not consldered in this connection. |

- The inTluencs of the anti-knosk valua of “uels depsends
uoch their vhemical compositicn eng upcn the degree of the
" valve ¢gveriap. Fuels with a4 small content of temperatura-
sonsisive componshis showed an inerease of the anti-knocor
.. yelue for tho whcle range of the tests. Mixtures with &
. bigh benzoleor aleohol content waich are con sequently more -
. temporatura-sensitive ne longer rzact uniformly. - When the
.valve overlep was changed from 469 o 80¢ o considarable
dncrease of the aniie-¥nock value was generzlly observed. A
~further imecrease of the valve overiap had elther ne influence
“or produced a deorease oi the ontl-knook value. This depended
-ggcn the amount of tompeoraturs-sensitive components in the
ead. - . ‘ : i

. There are limited possibilities of adapting the DVL
supercharga method to the operating-conditions in modern meirn
‘engines. 1t seems possibis thut with a small difference in
valve: overlap-the order of-ths fuel evaiuation is preserved.
An extonsive change of tha DVL supercharge method which takes:

" into accourt the changes operating conditions of rmodern main

. engines, such 885 & larger va ive overlap, higher compression
ste., wust be postponed untvil every influence mentioned above
‘hasg been irvestigated. B S -
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TABLE X
Eaging-Date

Eogino Type:~DB 801, . :
' batar - Strokes- - =160 mm

Borai~ s 150 mm
Compresgion:~ f= 6.8 .
Capaolty:~ =2,888 litres'3
Compression-volumo:~ o 517 om

4 Valve - ) ) : . S
 Tining: - Inlet opens = Inlot closes Exhaust opens - Exhaust close:
‘ , 8 - °betorepT.Dsc, %afyor 8.D.C. Obefors B.D.C. O%after T.D.C.

Valve overlap:- - S . S '
40° crank-anglo 2 B T - . C BE 15\

80° crank-angle B . ze - 53 . a
§120° orenk-englo 71 . 88 - . 49

Fuol eystem:- . Injection: Begin of Delivery 26° aftor T.D.C.
Pump:- . . Bosch PZ 2/100 V 402 ( cam-pump).
Nozziei- L*Orango /389 = 2089 A

Sparking~plugs := Bosch W 260 T1-

Magnets := Bosel F1 1R 38
o Bosoh'¥F1 11, 38

: ITenition system: -

Boost-air:-.

_.Blower: -- Klein, Schenzlin, & Becked 1.5 atmospheres
o 450 m3/hy.

, Alr heater:- DVL 24.5 W
Coolant:«~. . Water

Pump:-— . Odessa Maihine Faciory Type S 30/1993156 1/min
{'Exhauat lay'out{- -DVL, through silencer, éxt:aation fan

Bl prokogear: - _Siemens- generator type A 6 247




Roceivdd Xo.
Suppliqé by

' Speifils gravisy @ 209¢
Refractien npsp

—Pivol

3, 3 hrs.,
A00 cuf

Cryatalilzaticn poi

lead cdntent, iodino

ruzber (Hapus)
Aniling potn% I¥ .
Avomaties & umsat comos, wi.
Naphthdra, 4 - ,
C-contant, %
Paratf i
. Bp=eon .y B
"0y omtent, 9
-9 ratiio
‘Lo thedratical air-requiremens
Llewor calorific value
_ Octane pumver, M.K.

s ralds o

T2

"Table B
Ihe Fusl Date
- 254 gagoline

JeaG-free '
.mmm aiperafe

53% mmuou mno
lead-free-
49% ethyl-

012 TBL

" 405/40

Amncnia Vorks Euoa by "Olex” mixed by "Olex”
%ammwc.u.m, !

-4023

e
[

W
L o n
mo.a%am?ﬂc
-3 -3 E] b
[+3] (ﬂmDm‘i
'™

&
$

 benzol
120/41

0 .8z85
1.4898
. 0
c.218

sca 1ig.3

‘unchanged
3.8
=19

w
<

‘alechol
\ 122743

0.7435
1.3804
45
0.485
' soe £ig.3

unchanged
2.8
low €0

T “

ma
69.70
475"
14.0
16.50
4.08
12,1
8502

758

mixed by DVL. -

|

‘o :nﬁb nwcuma&

‘

5% YT 7086
mmm T 907

24041

.T750
1.4358
0
0,388
ses fig.3

unchanged

0

o]

[0 ol
oo

Pre iy

LT E

G BB
o 3

[
SOon

Rid

oo

77 202/)

¢ 022 TEL

196/41

"RIFDY. Hitzacker

0.7?2186
- 1.4028
‘Q
0.435-

soe ig-3

T unchangad

0.6
beleow 60

0.8
2.28
88.6
i0,7
%9.9
85.82
9.2
14.78
Q
5.77
34..82
10337
g::]

€y + 0.09 TEL

C 212/4
*Hifo® Brogkwite
fcaptured stores

0.7146
1.4010
0
©.0.385
5es £32.3
‘unchanged
1.4
baluw ~60

0.08
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Doseription: -
Reoelvad He:-

Supplied Dyi~

'

Characteristics of the Lubricant

P 18
399740

I.G. Farbeuindustriep
Ludwigshafen

Speoific gravity at 200C

~ Refraction dpag

Tiscosity a 20°u E
© & - apE0°, ®
© o et 1008 B
Poie_height:
Fiash-polint ¢
Fiame»poip% %
Settingcppiuﬁ"

Aeld uumber_mg»ﬁ@ﬁ

Saponification-<pumber mg XOH

s

hup heit %

Aeh &

0.885
1.4897
© 239
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The piston at thc ead of the testd. ‘
‘{Running period epproximately 200 hours) .

Full view of ins %est stand with the DB 801
eylinday o ‘

‘¢

Boiling-curves of tho fuels

Knocl-1imit cuvves of various eugines-with
various fuolis . :

N !
Knock-1imlt curves of Y0 702 & 0.12 leed as
a function of boost pressure and excess-air
ratic for various boost-aly temperatures and
20%, 809 and 120° valve overiap ‘

fmoek-1imlt durves of VI 702 ¢ 0.12 lead ia
torms of M.E.P., and oxcess-air retlo fov
vyarloug boost-air vemperetures and. 409, ag¢

—and 120% valyd ovorlarn. ‘ ST

Xnock-1imit curves of VI 702.+ 0.12 lead in
terms of boost-pressure and injeetion
quantity/eyole Tor various béost-alr bem-
peratures and 40%, 809 and 120% welve overlap.-

_Kﬁockwlimit‘curvms of the gasoline/benzol
mizturs in tevms of boost pressure and 6xXcess-
air ratio for varicus boost-alr Temperatures
end 409, 80° end 120° velve overiap, ‘

nock=limit curves of the @aseline/bouzgl

blend in terms of H.E.P. and excoss-air ratio
foy various gocstwair teuperaturads ang 409,

~80%, and 120V vaive tverlap. o

" Knock=-1imit curves of the gasoline/benzol, blend

in terms.of boost-pressure and injeection a

quantigy/cycle for various boost-air temperatures

and 40%, 80° and 120° valve overlap. :

‘Endok-1imit curves of the gasoline/elesbol blend
in terms of boost-pressure sad excess-air vetig
. Tor yarlow poost-aly tomperaturss and 40%, 80
. ang 120% valvs overlap '

Fig. 128 1= Knoeck-1imit curves of the gasoliné/aleohol blend -
in terms of M.E.P. and excegs-aiy ratic for v
different boost-alr temperatures nnd éOO, 800
and 120Y valve overlap. _ ,

Pig. 13 = Enceck-1imit curves of, the gesoline/alcohol blsnd

. - ia terms Of ths Boost-pressure and injeotion :
O quantlsy/ eyele for garious bpost=rir tempesraturssy -

- and 409, 80Y and 120 velve~overiap. ' . . .. .

'
e, -
v
o




. Fig.

23 1w

cFigst ga za

Fuock-31imlt curves gr
teruts of ¢he

4% ggo

T Kaock=14mit curvas of
terms of M.E. Pp. and
-varioug bosst-gip

ana 126°

Kacgkulimit curves af

. terms of beost-pressur L
various boost-aly tem.
80

auantity/eyele Fopr
peraturss and 40%,
¢verlap. L

Kasck-1imit curves of

__i0ad™ blend in torms
Gxcesy-2ir vatio for
temparatuzes and 409,
ovariap. .

RKnocke1imit curves of
‘bivmd In terms of M,

> leadr

1z ratile for various

80°,
Enook-1imit survas of
lead in
Cquantityseyoie
 belpereivre engd 409,
. Bverlap.

Enocke14niy surves of
tlend -~ {
alr vag
aad ¢0% 800

Knoek-14mit curvas of
bleng

alr ratic for varioug
; 80° apg 1209

Snonk-11mit
blond

curves of.

'iujae;;on.quantity/cycla
raturss ang 409,

air tempe
Gveriap.

Variation. of the

“Ci? im terms of the

Knoékwliﬁit curves of

orank-angle valve-over
elr ratio, boost=piressure a8 boost-ai

temperature,
A s

\
1

boo st-pyp
ratio for varioug beo
» and Y2g0Y yalye overlap.

; 'tempexatures
‘valvee@vmrlepe‘ ,

tatme of baost-;reaaure
for verious boostoair

0. terms of boast-pie
o Tor various hooste
“and 1209

in ¢erms of the M

minimum of the Imcoke
Curve in the. rieh Teglon for wyr wogw

the 225 b/90% blend 1m
¢38urs and excepss-aip
st-air temporetures end

tie Y060/707 biond in
axCeso-alr ratio fay
ang 4%, go¢

the 706D/707 biend in
92 aud injeetion

and 120% valvs

the "VT 962/1 » 0,12

of boost-pressurs end
verious boosgeair

80% ana 1209 valve

the “VT.9G2/1 ¢ 0.12
E.P. and ozceasg.

boost-air temperatuses -

2

and. 120v valve overiep.

TP 702 1 + 0,12
end injeotion

tha

80% and 126% valve

the ®04 +.0.68 Leag”
Ssurs avud Gxeggs«
ely temperatupes
vaive overlep. -

the *Cy + .08 leage
SEVP. angd exseyga. B
BOUSt-aly temperatuypes
valve oreriap.

the¥y + 0.08 leag® .
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Y
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80" ond 120° valve

i
iimivc
and
ture.

A

boogt-air tempera

C) + 0,08 lead at 40°
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1init curves in the xieh region in .
tergz_; of the aromatio content of the
iuo 8, P ' . ' .

Fig. v Compoasation of the offoot of the valve N
: .overiap on ths Imocke1imit curve of
YT 702/1 0.12 leag® by the alteration
of the boost-air bmperature. - -

- Fig. : Compengation of the effeot of tho valve-

Co . . .overlap on tho Imock-1imit. ourve o
0L +.0.08 1eaqn ‘by tho alteration of
the boost-aip temperaturs, L e

e - Fig. 28 1. Compsngation. of the effect of the valve

S S overlap on. the knook-limit ocurve of the
) “206b/707" blond by sltering the bosst- -

8ir temperatura, : . - 5

o Fig. go:. Compensation of tho effect of the valye
‘ overlas an $he knock-limit. curve of the :

gasoline/benizol bleng by altering the
" bogat-aip tenperature. S

~ Flg. 25 i« ‘Vartation of the minioum of the ‘knook.

Fig. 80 := . Compensation of tho effect of the velve
S : overlap om the mock-14mi ¢ ourve of

the gasoline/eloohol blend by altering
the boogt-air tesparaturs, _

Fig. 31 :- -Boost-pressures eng ‘torresponding M.E.p.
. .8t the knoo¥-1imit foy various fuels
at 180%¢ boost-aiy temperature.

Fig. 38' $a Boost-pressure ‘and; eorrospon'din'gnuz.?p
‘ _at thaaknook«-,nmit for various fuels
: at 160 C'~boqsc~air tomperature. RRE

Fig. 88 ta - Alteration of the enti-knock value at the
o " minimun of the knock-1imit eurvog o
X ~-3.05) by the valuo overiap at 1a0°
boost-eirp temperuture. R

Fig. 34 := “Altoration of the anti-knook value &t tho
o | mining of the knock~1imit ourveg
/ o D h~3,08) by, the vaige overlep at 1909C-
boost~aty temporature\. '

‘Fig- 35 1w Reduction of the 8eparation of thg,
: ‘ 1init curves in"the region of 3D
. boost-air temperature with inoreas
overlap for fuels of low temperature
senaltivity. - e TN

i

‘Typed/es . e e April 30th 1046
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Doutsche Luftfahrtforschung

Ths influsnece of various oilg en the kacek Liv Yocuwre of aromatic fuols
” -

v

I

Synopsis: It wes proposed to invesbigate the Influemnce of three different Llub-

ricating oils on the knoek-limit cuvrs wudce the operating condltions
of modern main engines, The reasons for the choice ¢f oils end fuels used in.
the erxperiment- are adduced, end the test arrangenént is also deseribed. . Lub—-
riceting oil affects the position of the knock- mi% curve us the arnmuble con-
tent of the fuel rises. = The effect of the leud agﬁition did not chonge.

Index: - e o ' :
‘ I Introduction
II Experimental arrangement
1. Test stand - .
2. Detaile of tesd puor
3., Kinds of il
IIT Result of the =
IV Summary

-— .
. d . ;

"I. Introduction:

The intluencs of differsnt oils. on +he position of the knock-limit curve
- ~had been determined by s series of exparinents eb the DVL according to the
currently used DVI supercherge test method tor aviatlon fuels. 1t was apparent
that an effect is produced only on fuels with a high proportion of-srometic
components.. The experiments themselves were carriesd out sccording to the DVL
supercharge method in-an air-—cooled BMW 132 gingle—cylinder. ‘o

The conditions of operstion in modern msin engines differ considerably
from those in.the DVL supercherge method. It therefore scemed expedient to -
repest the previous experiments under operating conditions such es may be -ex—
pected .sometime hence and in sn engine of more recent design. "The choice for’

' the test engine -fell on a liquid cooled DB 601l cylinder of high compression
‘ratio end large valve overlep. This engine wes mouniéd cn ‘the DVL single-
——¢ylinder test stend: : ]

The experiments themselves were carried out with a number of different
leaded end inleaded fuels conteining eromatic compounds. The experiments wers
o disclose whether the dependence’ of the knock limit on the type of oil .
ppears in the samé wej under the chengsd conditions es 1t did in the BMA 132-N.———u
engine. v : : : e
!

II. E'xperimeﬁtal arrsngement :-
5 : -
l.. Test stand

.. The DB €01 single cylinder unit was employed as a test-engine. It was
- mounted on & new and reinforced DVL single cylinder test stand. In order to
réalize the experimentel conditions demsnded by the test progremme, & cemshaft
giving a lerge overlap wes employed. in overlap of 120°.crank engle was -then
ettained by o suitable choice of the rocker arms end tappets]‘ The higher com-
pression retio was obteined not by & loweriang of the adjustable tost stsnd teble ,
but by fitting a suiteble piston.  The deta sheet (table 1) gives the values of
velve timing end compression retio etteined by moans oi“\thésa alterations. .
Othor engine dets ere also given es well es the deteils of the test—-stand, the
dynemometer, #ccessory units end components of the test-stand. The  emounts of
fuel snd eir, the power output end other date were determined in the usuel way.

The onset’qf }mocking wes determined eiccoustically'.' e

2 Deteils. of the Test procedure:

L 1. . o . . . .
. The reproducibility of knock limit curves for the DB 60L cylinder wes
~good end the spreed of results comperatively smell. - All the same -8 number of
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Epecihl points had to be considered in order tc awoid wnc¢esirsd effects cn the
knocx limit curves. ’

The cylinder chosen for the expori 2 v barn cperebing £or
come tlime. T Pt knock—timiri—oussa jonger parieds of .
runaing were thus noi to be expocted. The powsr of the engine was checked
ropectodly during the experiments by s wone derinilte control point.
A power drop lerge enough to.afrect ik : .j of the experiments could not
be observed, the control point being reeched every bims to within * 1 H.P. ’
Further control of the engine ccaststed of cluaeh the valve timing before and
after each changg of oll and also checking ine ignivion viming.

" From the operational uide, conateney of the state of the engine conid
be esteblished with comparative ease. The pressure of the oil as well as its
inlet end outlet temperaturss could be kept constani within very narrow limits.
This, "in conjunction with & constant® engins speed, cuuranteed a constant emount
of oil in circuletion. Similerly it wa ble ke -p’ the temperature of

- the cylinder constant by means- of small aiters iy *he amouab of cooling
‘water circuleting. . As-in the expariments k 2y fcr the BMW
132 engine the following were found expedienl A AR smzat of the

- piston-rings, keeping the running. time appr: ; 3 | J each test, and
particular ettention to the ectuel chenging c¢f the oil.. - ments had been
cerried out in the DVL on the smount of weer of the on vinge in relation to
the type of oil and the running time. These showed tiae ne sity of taking this
factor into account. The possibility existed that ihe wes: cf the last oil
exeminations might be felsified by the ‘weay of the piss ~ings- with long %est
periods, Accordingly for oach new series or tesps, 1.6, ¥ox each ty?é of oil,
-'a now sel of piston rings was used, sach set being trittel give tbe same side
cleerence, ring gep end tension. - ' :

After *iniphing » test soeries with ome oil, the oil was run out while
the test stand wes werm; e, lerger amount of the next ¢il was run in imnediately
afterwerds. The engine wes then motored for scme time with this oil so that

~4he -whole oll circuit wes flushed end the oil then rua: off. The running surface
of the cylfnder wes exemined after dismentling: the used piston rings were
taken off- and the grooves cleansed of any residues. The piston was then
provided with new ¥imgs which had-been—prepnrec: he-menner describad sbove.
Aftor ‘the btest stand hed been reassembled, the pext oil to be tested wans.intro-

--duced.

When s1l the points mentioned above were otserved, everything possible
‘hed b done to sttein a-constent operstional and thermal state of the engine.’
This shou sliminate-any-unwaented. effects: wgp_the krock limit. . o

' %. Kinds of oil gnd fuel

The oil samples selected for exper'imehtetion were chosen without regard

. to their epplicability or production. The only point of view considered wes
whet devietions occurred in the verlious oils ot the.basis of the investigation
elresdy ¢erried out with the BMW 132 N engine, First of all, a reference oil
was ¢hosen, namely Inteve Grinring, which is @he ¢il requirsd by the fuel test
eccording to the DVL superchsrge method, or &n ‘0il equivelent to it on. the bagis
of the effect on knock determined in-the previous tests, ¢.8. Aero shell 100.
Cf further interest are the two kinds of oil which geve greatest devietions from
the normal knock limit curves. These wers Rotring, which gave a higher position
of the knock’ limit curve, &nd Stenavo 100 vhich produced . the largest reduction
of the anti~knock velue. ~ All other oil semples tasted in the experiments
mentioned above gave results lying within the renge defined by these three or
four cils. For this reason there wes no need to consider them any further.

. The constents of the oils-used, viz. Rotring, Aero Shell 100 and Stanavo 100,
", pre contained in teble 2. N ‘ : :

. Wherees it wes fessible to reduce the number of olle in /th'a ‘progremme,
the number of fuels tested had to be -incressed iu consideration of a number of
points which hed noét been completely elucidated: in the previous tests. - Among
these points wes the knock sensitivity bi} the fuel, depending on ‘the proportion

A
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of ercmatics, referred to the verious oils. Llso the influence of various olls
on the lead susceptibility for highly sromatic fuels.. Some leaded snd unleaded'
fuels of intermediste sromntic content were used 8s well as the fuel VT 702 +

. 0.12 lead of low esromatic content, end the gesoline-benzol blené of high aro-

- watic content.. © . .

The arometic content, the smount of leed ond other enalyticel deta mre
contained in table 3. ' :

III. Experimental results

. The knock 1limit curves for the severel fuels ére giygnrinmﬂig?g 1 %o 5. ‘
These show the knock limit curves for one fuel with esch of the various lubri-"

' .eating oils. Fig.l shows the .results obtained for the fuel lowest in aromstics, .

" . on the knock characteristic.

VT 702 % 0.12% lead.

The boost eir temperature wes 130°C and the runs include the whole practical
range of excess air ratios. Appreciable effects on the ¥nock limits by the
type of oil could not be observed: this apnlies to the range of air, excess
number concarned in the normal operation cf he engine as well as to the extreme °
lean and rich regions in which operational tuilitions normally have lerge effects

The two following fuels of ﬂearly equal srometic content, the blend VT 7063/ .
707 unlesdod and C3 + 0.12 load have besn plotted in figs. 2 end 3. All that

~~cen be said on the kmock limit curves shown here which differ in shepe from the

usuel knock limit curves is the't they are detemmined by the special conditions
of the test. = TFor tha prasent investigrtion only the effects of the several
0il samples were of intercst. Their influence cen aslready be recognized to a
small extent. The next fig. 4 shows differences in the seversl knock limit
curves .for the fuel, CV2b which hes & still higher eromstic content. Unfortun-
stely points could not bs obiesined with Rotring lubriceting oil for thg reason
thet & feult occurred shortly sfter starting.. Co

The knock eherecteristics for the; fuel with the highest‘arometic content,

the gesoline-benzol blend, ere given in fig. 5. In the region.of the minima

a distinet differencd in the height of the curve eccording to the: lubricant wes
noticesble. .- This result is similsr to thet otteined when experiments were
carried out for the determinetion of the zffects of oils in en sir-cooled engine
under the conditions of the DVL supercharge method.: .The order of magnitude- of
the effect is also the seme end for the two extreme olls, is sbout 90 mm.HZ
boest pressure. For comparison purpcses ;"¥nock limit curves of the gmasoline-
benzol blend for the.BMY 132 N'engine =ith "the seme lubriceting.oils have been
plotted in fig. 6. With highly sromatic fuels e displrcement of the knock

~Timit Hcoording to -the-oil- type tekes!.place.. This is confirmed by thess

almost identical results obteined under very different operational conditions
~end for different engines. ‘ T Y

It hes elready been‘stéted that fuels of V?rious erometic content were
evaileble for garrying out the experimental progremme. . It wes therefore exped-—
ient to determine quentitatively the influence of the erommtic content df the

. fuels in reletion to the effect of thée oils on the knock charscteristic.. An

evaluption has been attempted .for this purpose in fig. 7. : The knock limit. curve
with Aero Shell 100 hes hers been.taken as a reference. The “spproximete devi- .
ations of the entiknock value {expressed in mm He. boost pregsure} found when I
the other oils were used have been\plotted‘e@hinst‘thé sromstie content . of the
fuels. One meets with some difficulty when attempting to determine consistent
velues for the displecement of ths seversl Kknoek: 1imit eurves: this is due to
the veristions in ths sheps of these curves. - Only-ths region cf cxcess eir
rotio £ = 1.05 could be considered, thus being the region whero smell elter-
etions of the opereting conditions prcduce.the leargest devietions of the kmock
1imit. ~The selection of points in this regicny-however, is.difficult for some
fuels: especially for unlesded.blend of VT 706b/707 end CV2b which hes a low
antiknock value.- The shape ofi the curve is influenced by éxhéust ges dilution
- during .the .¢verlep period -2nd is not depencent purely on operstion conditions.






