C.) Knock Determination.

(a) liethods.

(I) Octane Number Determinatibn . - The

small mono-cylinder engines used in Germany for
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this work were the standard C.F.R. knock rating
engine and the German I.G. engine.gAutomobile
fuels were originally rated by the C.F.R. Re-
search Method, but from 1lst. April, 1943, the
Arm& adopted the C.F.R.\Motdi Method as corres=—
pond;ng better with operating conditions in mi-
litary_vehicles. 5 Day to day control of avia- -
btion fuel production was made using both the
I.G. and C.F.R. éngines éperating according_toi
the C.F.R. liotor lethod. For the determination
of the practical kmock limit, however, rating
of aviation fuels under Motor Kethod conditioms
was known to be too severe for all but highly
paraffihic>fuels. Thus the I;G. Oppau Method was
developed in Germany having milder test condi—"
tibns corresponding to the'C.F;R.'Research
~ Method. , :
| The operating conditions in the Oppau Method

are :.- ‘

(I) Speed 600 RPM (as in Research
: ' ‘ , - Method)

(11) Ignition ’ 22° BTDC

(II1I) Coolant Teuperﬂnun 100°0 (as in Research
‘Method )

'(I'V)f»wﬁxmrev'rempermie 125
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(V) Inlet Pressure 1000 mm Hg.
(VI) Carburettor setting varieble betwesn
X = 0.7 and 1.2. |
The Oppau Method is & multipoint one but is
simpler than the supercharging method in the

BMW 132 N cylinder with which, however, it is in

réasonable -agréement . & It was ieported 69 that,
in general, rich mixture rumning has a greafer
influence in the EMW tham in the I.G. engine.
With routine tests by the Oppeu Method, the
Imock behaviour is read off the octané number

.. dial. This is guicker than bracketing each fuel

semple between tw;': refermce~ blends. Of course,
the octane number dial has been calibrated pre-
viously with roferénoe blends at m:l.-xfu.re stragthg ,
always oorresponding to maximum kmook. |

. 9he method of test is t0 vary the com-
presaion ratio until incipient kmock occurs.
(knockmeter reading 50), with the carburetior
‘adjusted to the strongest knocking mixture (A=1),
The knock behaviour is then read off the ocfaﬁe
pumber dial. The mixture strength is changed and

" the knook decreases. To restore it to its origi-

nal value {knockmeter reading 50) the compression |
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ratio is raised. Thus another octane number is
obtained. From six to eight such octane numbers
an octane number vs A graph is plofted.
Uhder~thé conditions described, this method'
was found (% unsuitabig for testing unleaded
fuels, or fuels with particularly high benzene

or alcohol conbents.

- (2) Supercharge Testing. - The failings of
single point methods, such &s the C.F.R. methods
of octane number determination, fo:_ev&luating.
the behavicur of a fﬁel»in an aero engine are
wglluknown.wsoeber.Gs.has outlinea'these.;Corro-
lation between small engines, like the C.F.R.,
and full size engines was also found difficult.
A method was therefore adopted by'thelp.v.L. of
examining aviation fuels in a singlé cylinder'
&ero engihs under.canditionsvapproximaxing as
closely as possible to the actualwsfresses on
the fuel in the full sized engine. The test con-
»ditions finally employed in the D.V.L. Super-
charge Method are gi?en’in BIOS Final Report .
No. 119 &s - | |




(I) Speed 1600 RPM.

23. ..

(II) Inteke air temperature 130°C supercharged
(III) Valve 6verla.p 40° ‘

(:EV) COOIiné alr pressure 300 mm Hg..

(v) oil teﬁperature 90°c

(VI) Cylinder Head Temperature 240 - 250 C maximum

. (VII) Ignition 35° BTDC

The variable in this method 1is the boost

. préssure, which is providefl by an externally
- driven compressor. As the mixture strength is

altered, the boost pressure is varied to give

. the same knock. ‘(6 - IO'MOcks/mmute by ear).

A kmock limit curve is thus obtained by plotting
these values of ‘boost air pressure as a' function\
of air/fuel ratio. The knook limit curve may
also be drawn in the form of mean effective
pressure as a 'function\of'a.ir/fuel ratio.

An attempt was made ?6
chatge metliod using & small motor,which would

to develop a super-

- give results agreeing with those obtained by .

the D.V.L. Supercharge Method using the Bll 152
cylinder. The N.S.U. 501 0.S.IL. motor was used
for this purpose. The order of rating fuels in

~ the EMW OndlSU engines was the same, but the
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knook limit curves obtained with the NSU engine
were flatter and closer together. Also, the
highest mean effective pressures obta:l.ﬂ‘ed‘ were
‘below those obtained with the BMW engine because
the NSU ong:i.ne was not designed for the test
conditions. used. l

Other small supercharged engines, also,
~were developed on thé principle of the D.V.I.
Supercharge Method in the HMW 132 cylinder, 86
and tests were nade &4 on the I.6. engine, in
which the compression _ra_.tio was kept constant
and the boost pressure was varied.

In 1944, Witschakowski °7 reported super-
charging tests made in a D.B.. cylinder and a
BMW 132 cylindor. Instoad of the uml oondi- ‘
tionu o:t 4he D.V.L. Suporchargo Test, the con-
| ditions used co,rrospondod more with main ep-
'g:l.:ie’ operation. From these tests it was conclu- |
ded that a number of avistion fuels used at that
4ime werd not being exploited to the full in |
the cist:.ng aoro-cngines. :

_(5) Nain msig-,xpctq_-j ~ In BIOS Pinal
-'noport Fo. 532, fuel ratins in‘ full scale aero
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'qhginea was: repo:‘rbodu«to be little advanced in |

Germany as the results with the D.V.1L. Super-
charge Method in the EMW 132 ¥ cylinder had
proved sufficiently relisble.

b) Acouracy © ock determination.

(1) Octene Number Determinatien. - From
1936 to 1943 a series of investigations w§rc
made bf the mi&u~_eomu test laboratories to
ascertain the accuracy of ocfanp number dotorn‘i-f
nation. , , |

In 1940, Wilke ®* compared U.S. and German
results and attributed the poorer asccuracy ob-
tained in Gomany to lack of experience, the use
of both the C.F.R. and I.G. engines, lack of

'gtandard sub-reference fuels and the wide range

of synthetic fuels tested. He gave the vb.lue of
% 1 octane Number as the mean error for the

C.F.R. engine, under both Research and Motor con-

" aitions. Using the I.G. engine and its octane
‘pumber dial, the mean error, as determined with

the uae of reference tnols, in the same engine,
was i 1.27 Octane Numbers. |

rron 1940 to 1941 the main pmoso of the
research group was the 'mitimtia\d,auh-rqto-
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_Temce fuels and‘franafer_graphs‘for octane num-
ber evaluation. Singer and Wilke 7O'have.reporied
on this. For secondary reference fuels I.G. stan-
dard gasoline (replacing hepfane) and the pﬁrﬁ-
ly paraffinic fuel "z" (replaéing isp-octanq).
wére iptroduced.’Ali testing stations used one
calculation graph instead of individual curves
for standard gasoline and standard reference
fuel "Z", and the limit of accuracy for a sto-
- rable petrol was found, over a 1arge nnmbei of
v.emgines, to be ¥ 1.5 Octane Nunberl. It was
thought thgt~by using heat semsitive and hgat-ir
insémnsitive fuéis‘some idea of the heat stan-—
dard of the'engihe iould.be gained. Hdwevgt,'it.
was found thg%’the spread of points hardly
changed iheﬁ a heat sensitive or heat insemsi-
tive fuel was used. The accuracy of blemnding
values (i.e. blending octane numbers) was rdpor-

4T reported

ted as ¥ 4 Octane Fumbers. Neumann
that the i.G. tbét ﬁotor gave vaiugs of 0.8 and
0;4 Octene Fumbers less than the C.F.R. Research
and Motor Mbthods respeotivaly.VHe'élso commented
on the considerahle spreads obtained in. tﬁt knock

"ent of synthetic fuels, ‘and mentioned
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that better results a;§$qb§§4ne§awhen a reference

fuel similar to the fuel under test is used.
The position of German Imock measurement

after the ¢ompletion of the 10th series of in-

‘vestigations was discussed at the conference of

the Enock Panel at Oppeu in 1943. 57 gixty labo-
ratories with one hundred and eight test emgines
took part in the investigations, in which four

"Eutomobilelpetrpls and four aviation petrols

were rated according to the Research and Motor -

Methods respectively. In both methods the

| hverage'nocuracy was X 0.6 octane numbers, 82%

of all the results falling within the previously

" accepted limit of % 1 octane number. For the Re-

search Method the measured value in both the
1.G. and G.F.R. engines was on the average equal.
In the Motor Method the value for the I.G. en-
gine was on average approximately 0.3, octane

numbers lower than with the C.RE.R, engine. How-

ever, this difference lay within the known 1li-

mits of accuracy. These limits of accurécy did

" not apply %o synthetic fuels.~For,éxamp1e,
Fischer-Tropsch gasoline, although giving better

reprodupibility when the secondary reference
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fuel "Z" was admixed, still gave greater varia-
.tions than normel gascline. Such variations had

been Suggested as due to
(1) Bffect of some phyesical difference in the

compoeitibn of the petrol (8.g. Gue to va-

pourisation losses in storege and handling).

(II) Bffect of some chemical influence (e.g. pe- .

roxide fermation).

(III) Effect of peculiarities of individual test

‘engihee, and in method of measuring to
which synthetic petrols react in some spe-
clal waj.

Even when precautions were taken to eliminate
the effect of (I) and (II), retings still gave
aversge variations of £ 1.2 and ¥ 1.4 octane

numbers.

It ned been'pieviou31y thought 53’ 47 that

knock measurement wes more reliable the more the
reference fuel resembled the fuel under test.
Three benzol blends, however, were rated by

_different,test laboratories using

' (I) Reference fueis\i-octaee and ‘n-heptane.
(II) Secondary referenceﬁfuels benzene &and

i.G. standard gasoline.
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(III) Secondary reference fuele "Z* and. I.G.

staﬁdard gasoline,
The essumption that the reference.fﬁelAmust con-
form to‘the fuel under test was*not established.
It aﬁpedred that secdndary_feferenoe fuel "z°®

would be sultable for all types of samples.

-~ (2) D.V.L. Supercharge Method - Wenzéi 78
considered that the limits of error laid down in
~ the regulations of 1940, namely p__ * 4% and
charge pressure = 1,5%'were too0 étringent.

. Making tests on different days séemed nar-
kedly to affect results. |

He concluded that, using the simplified
D.V.L. procedure (constant spark advance), even
with the greatest precautions, limits of error
of less than % 5% could not be expected.

A detailed considé;atioh of the spresd 1i-
‘mits of supercharge curves in a éingle'teat one

gine was made by Seeber 67, in which fuel side

 4nfluences and the influence of experimenmtal

technique were differentiated. He also presented
data obtained on the reproducibility of kmock 1i-
mit ocurves using iéaﬁtical fuels in several test
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engines;‘and concluded that, even where~sevéral
' motors are used the following error limits 7 | | | ;
should not be exceeded :- ' :

pme‘ i 2% for paraffinic and isopsraffinic fuels
Ppe ¥ 44 for aromatic fuels (those containing :
more than 35% of aromatics.or'unsaturated hy- | +
drqcaibons). |
~ ?f greater errors occurred in spite of all con-
trol and experimental precautions he recommén—
ded that the cause of the errors should be in-
| vestigated by use of the D. V.L. pressure acce-
1erat10n procedure.

It appeais that éven these erxor limits QF

£

méy'have been t00 strict,‘and BIOS Report No.1ll9
gives the rep:oducibilitj of performance curves
‘@s to within 4 - 6 %. |

_ Penzig‘so showed that better reproducibili-
ty could be obtained by using liquid coéled cy- 4 ;
linders. Ease of repeatability was also greater ‘ "

the flatter the knock limit curves.
Witsdhakowski 35,suggested that for ordi- | |

nary fuel testing the simplified procedure was

adequate since any gdvahtages of variable.ig-

nition ar§ snnulled by poor repeatability. He

e e e T g e e e
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also stressed the necessity .for identical engine

details if good comparability between several
test engines were to be obtained.
The importance of using the lubricating oil

specified for the supercharge test was apparent

- from investigations made by Franke. 19 He found

that, under D.V.L. supercharge conditions and
also under main éngine operational conditionms,
the lubricating oil had an effect on the anti-
knock value of & fuel. The magnitude of this

‘effect was dependent on the aromatic content of

the fpél, and only became appreciable for fuels
with a high arématio content. It appeared, how-
ever, that the lubricating oil had no effect on
the lead susceptibility of a.fuel.



