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‘Synopsis:  .The knock rating of modern aviation fuels sccording to octane’
number is-supplemented by the results obtained in tests conducted according’
to the DVL supercharge method. In this process, however, the requirements
as regards instellations, personnel, quantity of tenting fuel and time are ..
decidedly a disadvanteges TR AR R
- By making slight ellerations to the I.G. test, engine and the -experimental
conditions; -this -engine will yield @esults comparable to those obteined with
_the supercherge method, as well as providing the usual octene nugbers already
in use. Thus the cerrying out of measurements to supplement the ususl method

of obteining octene numbers, is greatly simplified. - =

, ‘Object of Test. .

- Previous trials mede if possible to éérrel‘ate tests on en I.G. experimental -
engine with results obteined on'the full-scale single-cylinder built by the
Technical Test Statiom. =~ - 3 R : . ' R

: "In the me'antim'e"thei DVL = sﬁpefchargé‘ method has been introduced at the
- WEM W/132 - Flugmotoren - Binzylinder-Priifstend” and it was considered useful -

~ to carry out correletion tests with that emgine. ' :

At the Tochuicel Test Stetion the gasoline samples are tested on a Bil 132
under the following conditions:= = - B

- -Compression. ratio ¢ 6.5:1

Boost eir tempera-

ture = 230° C
Excess eir ratio = approx. 0.7 to 1.2
Tgnition advence = 50° R

. The mean effective pressure end theipost pressure 2t excess loed, '~
respectively, are determined for. each seperate ‘szmple using about 6-8 -different .
excess air fuel retios (between 0.7 end 1.2). These values, on plotting,
. produce curves showing the reletionship, at a perticuler engine temperature,
. between the excess eir retio and the meen effective pressure at incipient
‘knock, (see figure 3).  As is well known, engine fuels conteining aromatics °
and olefines erc more sensitive s regerds knocking to chenges in running .
conditions then pereffinic fuels, and hence steeper curves ere obteined for
~aromatic then. for paraffinic fuels. BRI '
) j el S i o . : X
In the clessificetion of fuels both the minimm velue of the mean effective -
* pressure end-the.slope of the.jacurve are considered and these fectors are
' compered with the:eorresponding factors.of a sultable fuel. .-The higher these
two factors are the better is the fuel.. However, if the curves intersect as -
' in figures 2 and ‘3, complications drisec in the application of test results to”

actual practice beccuse fuel A (aromatie) is better et rich mixtures while fuel’ B

P {peraffinic) is better st nomel mixture strength. " It is therefore not
- always possible to clessify the various fuels as categoricelly suitable or-
unsuitable. R : SRR £
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As e rule, the investigetions at boost eir tanperatures other theu.
j thet of 1309, th.ough provided for the- DVL- supercharge procedure, are not
carried out a2t the Techmicel Test Staetion as they would leed to en- increase
in—expenditure out ot proportion to the. infomrtion obtmned.
, ).
The folIOWing are claimed 1o be the advantages of ‘the IJVL—-» superchargé
.method over th“usual method of determning‘.-the octene number of 8 high perromence
a) the knocking tendency of the fuels is tested directly in actual
eero-engine cylinders. . : _
b) the fuels are tested under conditions closely approac)nng those met
. with in getual prectice. , e :

c) the mult1pon.nt evaluation of a gasolme allows concl_usions to be’ drawn
for the further development of 100 -="octene engines and their fuels.

‘

Compared wi th the method of detemining the ‘octene number in the usual
experimental ‘engine, the doption of thé DVL. supercherge method even when
.considerably modified as l't\ was by the Technical Test Station, results in the
follomng requiranents. .

2) Increased requirements for training of personnel if they are, 1ntended to
“*"xnak"e‘ the necessary calculations as well. ~This is desirable in- case it
is necessary -to. check the experiment 2l points. .

3) Time-consuning contrnl tests must be made to’ guarantee constant engine
- .- conditions, especially as both oiston and cylinder must be renewed
comperatively often. . _

4) Construction of grephs, as easy comprehensmn of the knock-behekur
“is only possible with the &id of curves. It is moreover necesssry to
plot & reference fuel curve in order te—el..—rmmete the effects of .changes -
in- engine conditlon. . : .

".In. the experience of . the Technicel Test Stetion the accuTacy’ of measurement
in the DVL-supercherge method ‘may be teken as mth * %0.5 at bem.e.pe

_ It was ettempted- to incorporate ell the adventeges of the supercharge )
method for routine messurements without'its disedvaentages. = By suitebly altering
~ the running conditions 1n the I.G. tést engine thls object wes fulrilled to
lerge extent, - :

v2. TestPnocedure o R | w

The test installetion described in Report No. 416 wes teken over mthout
-any importent alterations. For the seke of clenty the conditions and method
of the test are bnefly descrlbed agein. '

-

- a) Test instelletion
. . - #. :

In contrast 1o previous tests, a. pressure reducing velue was added in order
to give a constent induction pressure. The bouncing=pin epparatus end the
cathode ray tube previously anployed were repleced by a piezo-electricelly operzted

' ¥nock indicator.” In sccordance with the altered operating conditionms, the octane
number disl wes re-calibrated. Figure 1 shows the test instellation. ;



b) Conditions Of Test - -

800

.Rg_PcM-, . o . Ll | o

Coolent temperature - 100° C
- Tempereture of mixture - 128 C -
Ignition advance “* . - 220 T - -
Inlet Air prescure . . 1000 m/m of mercury -
- Variable carburettor eon- = =i
srol hitaaks

}qvariesf_rom 0.8 "1;9“1.2-%-'- : RN ; . S
Variaeble compression ratio, arrenged. to produce the. sawe impulse
. on the knock indicator, viz. 80.. . L

‘¢) Test Procedure .
.This is the seme 28 thet for-the.simplified octene mumber -
determmination. ~Thet is to sey;  the sample fuel is made to knock by .
change of compression ratio to give an indicetor reading of 50, with the
‘carburettor needle adjusted to maximum knock, and the knock velue is
-reed directly off the detene number dial, - The sir fuel ratio is” .
~celculeted as usuel from the fuel and 2ir consumptions., R
In the seme vmy further octine numbers are determined, using richer
and weeker mixtures.’ Since the carburettor adjustment at the start of .
‘the test must give meximum knock, the fuel gives higher octsne n mbers in
_the subsequént messirements.  When plotted, these measurements result
in & curve such es that in fig, 2, showing how the octene number thus - .
obteined is dependent on the amount 6f excess air. In order to forestall
confusion with results .obteined by test methods alrecdy in' existence -
_{ Motor end Research), this new process wezs celled the "Oppau Method." = .
/ N RTINS . Lot - : . : N . N . S N
_ About 500 ccs. are reguired.per test, eunch test lasting gbout % hour,
end the accuracy of measurement lies within & }/4. Naturelly the accurscy
of the diel recording the octene number must. be checked from time to time,pyt

this is possible without an epprecisble loss of time,

' d) Comparispn of the Methqu of Evaluétion

. In the Oppen Method the fuels ere evelusted eccording to the

compression retio obteinable with moderate Knock intensity, while the
velue adopted in the DVL methodis the broke horse power of the engine -
when knocking begins.. . Even when the air fuel ratio is constont, the
,relationship between compression ratio and breke horse power is mot -
linear; the present investigotion, using a verizble eir fuel ratio.,
results in a chenge in the combustion process itself which affects

~“differently the power ond the permissible compression retio. = Within -
the renge of messurauent, investigoted it is thercfore cleer why. the
supercharge method should yield a felling curve in the rich mixture
region while the Oppeu  Method dces not. {cf, figs. land 2.)."

- e) C'om‘parisonv of the Methods of Measurenent

" In the superchergc method the investiZction is'based on &.

constant compression retio end the semple tested is judged on fts - -
ability to withstand supercharging.  The Oppeu -Method employs ¢ constent -
-boost end .geuges the sample tecording to the useful compression retio,
Within the limits of investigetion, however, the difference of-p'rinci'ble
underlying the test methods hes no effect on~the resulting messurements.
Earlier on, & similar switch-over was mede from the Delco-engine {boost
_method) to the test engine (compression method) for det'er'mining the
octene mumber, without great difficulties in the assesament being

/- encountered. - R .
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3. Test- Resul ts

: A 1erge number of 'fuels were evaluated simultaneously, according to
both the supercharge and the- Oppau methods. 'The tests were cartied out
on.different aviation splnts, supph ed tc\ the ‘I'echmcsl Test Statmn—fea

rout:.ne investigation.“. L : TR

S The result arrived at, using bnth processes, is_ based on tests ‘made:
on Sl different fuels and-is 1llustrated in figures 4..15 . the curves on the
léft hend side of the page are those obtained with the L. engine, those -
on the right are.the corresponding graphs obteined. with the Bl engine,

~ Thus, ‘the results obteined with the same fuel but by: -dipferent-methods,. -

may be compared at'a: glence. . On the whole, both methods classify the -
fuels in nuch the same menner; the observed differences lie within the.

~limits,of pennl 55ible experimental error inherent in the two engines.

. Using the Oppau method, the slope of the characteristics of Various fuels’ o
_;s ] _r_n_ewhat smeller than when the DVL process is employed. ~ With the I.G. -

. engine, the position' of the minilum points om the cheracteristics show .
-gome.: spread because durlng some of +the tésts the eir tanpersture, and thus
the eir fuel ratio, was not elways recorded correctly owing to a feult in
the tempersture indicotor which was. noticed too late. As this had no

. beering on-the" results it was dec:Lded not to repeat the tests concerned. E

"The detalled results are as follow.s.- - JER o

: Figure 4 shows thet mxtures of reference fuel mth pure benzene and
reference fuel %, respectively, ere rrted in the ssme order in both .
proceSSes. It is noticed that the Bi/Bo 100 mixture can still be made to-
knock in the experimental engine but no longer in the BMW engine; endently
beceuse in this cese: the BI/Bo 94~ mixture hes alreedy been shown to have
a hlgh knock resistence in- companson W1th the values in flg. 4,8,

Figure & shows curves for ver:.ous types of gusol:.ne. ‘Both processes -

: eveluate ‘the fuels in-the szme menner both &8s regrrds the order of preccdence

and of the slope of the part of the curve in the weak r.uxtures region.

: Figure [ deal‘s with the offect of adding verious arometics to VT 702,
Agein, both processes yield,similar positions for minima 'and slopes on the
region of rich mixtures; ~ in the weak m).xture region meaitylene end toluene
show d1vergences. e . et BT

,.,Flgure 7 shows a similer unprovanent 1n both engines with additions of
ET 100 #nd cyclohexene, the.differences in‘both ceses being close to the
limits of expenmental error. :

Fn.gure 8 proves that the" test mothods give similar values when iuopropyl
- ether end ET 100 are added to VT 702,-VT-705 being used as standard*oi‘~
‘no.npcrlson. L v K .

Figure 9. -shows & greeter effect than flgure 9b in the cese of methanol
but the position end sequence of the other fuels is the same ‘for both
methods. :

-

“:»Flgure 10 - 1ncludes fuels exhlbltmg practlcally the same knocklng tendency
indicating. satisfactory ?vreement between both processes.

'Flgure 11 shows® the effect or addmg varlous arometlcs to the same basm fuel, =

VI 702.. Agein ‘the discrepzncies between the two processes lie within the
limits of experimental error. In these tests there was- -no-confirmation of .
the suggestion from figure 6 that the: toluene blend curve rises nore steeply
- in the wesk mxture reglon. .

/

~.

Figure 12 shows that both methods rate fuels of difrerent compos1tion in the-
stme order. . ; - : : .

Lot



Figure 13 shows satisfactory correlatlon between the test results for e

r'd

—similar seri es of i‘uels Tl R

Figure 14 **anpasrses—the-mfference emstmg between‘fuels* of the seme
‘neture but of different menufacture both _processes glving the same order of

,_rating. S Lo Gt A

S

.4. Interpretptlon oi‘ the Tests N

The roy-u.*s obtolned wi th both processes (supe'ﬂcharge end- Oppau xsiethods)
are repl‘dsented as bﬁlgrqmtenstlc curves.  In the case of the DVL .;upercharge
process the survas obteined*fr-the fuel samples +tested are.compared With ‘the
graeph for a suit 2Dl 3- reference fuel, from & purely, pictorial point of viéw, -
An. evuluetlon of the knock behaviour, therefore, cen only be ‘determined if an

appropnate senes of curves is. available.

r'.r-:

. Doubtless ‘the: ellotment of numencel Tactors. 0 denote knocklng tendency
in different fuels,, would meke.the whole guestion much more easily 1ntelllgible
‘Hence, & specisl report will deal with the numeri sl class1ﬁcatmn of the

results obtaxned with the oppau PTocess.



