{c) Reference fuels. 107

(I) Octane Number Determination. ~ The
C.F.R. and I.G. engines were used fo:vtesting
fuels of lesslthan 100 octane._As.reference‘fﬁels
for such tests iso-octane and n—hebtane were
used. Reference has already been made to the
use of I.G. standard gasoiine and 5Z“_gasoline

as secondary reference fuels. The secondary re-
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ferencé’fﬁel'"Z'vhas'the advantage over benzene
that its standard curve is a straight line,
giving simpler ieading and easier extrapolation
(if.rpquized)_for Octane .Numbers greater then
100. It has also betfer anti-freeze properties

and lead sensitivity.

(2) Supercharge Testing. - Reference fuels
used in the D.V.L. Superchargg.mest depended on
the type of fuel under test.

(I)_Fdi exahining‘B-4 fuel, reference fuel

"Eich B 4" was used, the latter being a Lewna

hydrogenation gasoline containing 0.12%.v61.
of T.E.L.
(II)Fdr'éxamining C 3 fuel, ieference fuel "Eich
N 3" was used, ‘the latter consisting of
Boﬁ\bHD gasoline from I.G. Budﬁigshafen,-
2084 iso;octane and 0,12% vol. of T.E.L.

(a) Knock measuring instruments.

In the I. G. and C.F. R. test engines the con-
,taot bouncing pin was in general use despite the

nown 1naocuraoies in this nethod of knock datar—»

mination. Schutz 65 discussed the sources of
exrror ariaing.in the use of the contact bouncing
pin both from the viewpoint of the theory of the

e
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method of measurement and of the mechanical

errors arising duiing' measurement. He assumed
that knock is & séontangous-ignition arising fram
a nnmber‘of points in the»résidual charge. On the
A ‘ basis that the size of this charge'govérns the
‘knock intensity, and the energy distribution of
the charge the point from which the knock wave
starts; he suggested'the following methods for’
determining the knock resistance of fuals{—
(I) Determination of the amplitude of the knock
vibrationé.
i (II) Determination of the looality of the knock
centre from the time 1nterval by'whidh
. quaxtz indicatqrs differ as .to the start’bf
knock. | |
(III) Determination of the combustlon time by
the use of ionisation gaps, from the assump-
N . tion that the combustion time ends at the
| onset of knock.

Lindner, 40 has also discussed other methods
of measuring knogk_resistance, and an. electrical
indicator, in which a capacitance is altered by
change in cylinder pressure, nas been described
by Meurer. 44 |

To eliminate contact burning, adjustment
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oifficulties, etc.,‘whichvoccur‘with contact
bouncing pins, an'electrodynamic'bouncing pin
was‘developed. In this the pin carried a coil
which, with'knocking combustion, moved in a

‘magnetic field. The alternating voltage induced;

‘ after being rectified, gave a measure of the

knock intens1ty.
Experiments were made 31

dynemic boupcing pin, contact bouncing pin and

& pressure accelerafion knockmeter.An I.G. en-

gine was used, and the tests were mede according

to both the Motor and Oppaushetbods. It was con-

sidered that in the Notor method the use of the

electrodynamic bouncing rin was. unobjectionable.-

In the Oppau method, however, when the electro-
" dynamic bouncing pin was compared with the
pressure acceleration indicetorg the latter gave
a huch flatter kmock limit curve. This was par-
.ticulerly_evident'ax high lead and benzol con-
~teﬁts,»where presbiably machine vibratiOns due
to the high compression retios affeoted the
bouncing rin. It was concluded that the aocele—
“ration meter has possibilities as an obaective

knock measuring instrument.

to compare electro-

e e e e e e e e — T ———
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The D.V.L.eZeiss-Ikun—accelégation meter

77. A quartz 1ndica-:

hes been described by Wende
tor of frequenoy‘betwean 35,000 and 50,000 Hz.,
screwed into the c&lindbr;, was used to pick up
oscillations in the cylinder, and the course of
the second differential of the pressure was ob-
served on a cathode ray oscillograph; The mean
value qf the amplitude of this 9 P/at2 impulse
was-indioateg on an aﬁmeter, This second diffe-
rential of the pressure ie‘yerj sensitive_to‘
‘kmock and gives an objective measure of it.
) It was reported 39 that developments were

in progress to enable use of the indicator
- 88 an external attachiment to the cylimnder. |

For the purpose of defining the kmock: limit,
the onset of knock was considered of more im-
portance than the knock intensitj, and was oOb-
tained;-

(i)vFrdm the dzp/atZ'vs, motor operational
value curve. -The kink in the curve indicated the
onset of knock. )

(ii) In main engines, where variable charge
presaures.couid not be used, from the dap/atZ
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v, fuel consumptioen graph, Here the two bends
‘in the graph indlcated the knock region. The
theoretical basis of the kink which charsoteri-
ses the vboginn:l.ng“ of knock was ‘discussed by
‘Iichtenberger °, He also reported that the kink
always occurred at epproximately the point where
fhe incidence of kmocking, es determined surally,
was 8 to 10 sharp knocks per minute. The accu-
racy of determination of the onset of knock was
within ¥ 20 m Hg. boost pressure even in the
most unfavoursble cases, while in most of the -
noa_sin"ement's it was within ¥ 5 mm EHg.

Ukilizi;lg the D.V.L. quartz indicator, a ‘
mechanical corunt_er ‘was develépod which recorded
the number of separste knocks per mirute.

In the later pilezo-electric instrumemts,
eccurate messurements could be cbtained up to
100, 000 cyoles/aocond. ,
| Another advance in Imock measuring was ‘the |
development of an electro-acoustis method for
‘ kmock determination. This was described by
Kneule 4. i.'he effect of the gas vibrations on a
pick up, placed in any suitable position on the
leindo? block, is measured. The basic engine .
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sound can be damped out and the original sig-
nals are taken through amplifiers, sensitive to
the knock frequency, and ere Obeet!nd either on
a cathode ray oscillograph or on s sensitive
galvanometer. The main advantages claimed for
A this system are : - |
(i) Ease of attachment of piok up. |
(11) Rocprd;ng of all intensities from light
to strong knock. |
' (4ii) Applicability to multicylinder engines.
(iv) Applicability to engines in actualk
operation. |
- It has the d:l.sadvnntage, hmvor, that the '
met of knock may bde dotootod at various com-
pxmﬁ:nns m degrm of mperohq:go, and not at
'o.ny absolute fixed point, aooerding t0 the sen-
sitiv:lty ef the mplifitt. '
Agrouent betwesn olcotxo‘f; ogustic noasure—.
ments and road tests was reportod 51 %o be fair-

iy utistactory.

- Tt should be noted th&t in spite of the de-

, valopnent o:t the preasurq aeceleration and elec-— _
tro—mm‘tic metheds of knock detemination, tho
,f_,atumtim of the onset of lmock in tho n.v.x.. -
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‘Supercharge Test continued to be made aurally.

" (e) Viewpointe on possible future methods
of fuel testing. '
Some thought was given to the possibility

~ of characterising fuele from their ignition pro-

perties. On this basis it would appear possible
to use the same characterisation for both spark

-1gnitioﬁw.ngdiosel‘engines;"COnsidering the

applicability of ignitidn delay results for the
fundamental characterisation of the self igni-

tion process, F.A.F. SGhﬁidt 62 concluded that
- the regularity of the self ignition process |
‘oould be reduced to three values ;-

(1) The velocity of the reaction process

. under a fixed standard state, depending on the
nature of the fuel.

(11) The temperature dependence of the re-
action process,

(1i1) The pressure dependemce of the reac-

-tidn'ﬁrocess;

' These characteristiocs do not remain constaxt
in different pressure and temperature ranges.
-Jost 28 pointed out that to form a simple
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classification of mels in -the test ongipe, the
engine properties have to be eliminated, since

knock is a combined qua.lity of fuel and engine.
Thus a physical spparatus might just as well be
used for ﬁelvtelt‘ing'. He considered that in the .
future it might be possible to state fuel proper-
ties by definition with physical characteristics,
and to gauge engines by using in them two Tuels
of differing charscteristios. A similar method
was envisaged by Régemer 5.5, for deterninatic;n

,o:r the decisive factors regarding lmock:l.ng such

»

as :l’ina.l tcnperature, dmity and time for re-
action. In his view, however, instead of a phy-

sical test, all fuels would be rated, for all

engine types, from one engine test. _Assuiing
that knock depends on tenperature, I, donsity R
a.nd time C, then the theoretioally true express-
ion for the knoock limit of- fuel 1 would be

2y (Top. ¥) =0
Caloulating from engine results the empression

“would be

fl (To ﬂo\' t ) ‘
i.e. different va.lues in different enginos corres-

pronding to the same true variables.
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) & 4 thioo; suitably chosen fuels had true kﬁbck
1imit surfaces (on & I -/o'.'-‘(d!.agran) inter-
secting at a point P, the knock limit surfaces
sbtained from engine results would htorneet
- 8% 2 for mg:l.no 1 and P, for engine 2. Repeat-
ug n d:l.f:tount engines the equivalent paintl
(1.0. :Lntor“ctim pointa) could be plotted as
cc-ordinntu :I.n a three dinonlionnl systen,
Henoe ,with a new fuel, by plotting the kmock
1imit surfecs in one engine, those of other em-
. gines oould be calculated; since the positions
of the surfaces are the same relative to the
oquiv’aléﬁéo points of the other engines as the
surface in eugine 1 to the 'o(nivalenoq’point ofl.

: Philifpoﬁoh's‘ was doubtful if a simple
labcriiory method would be able to replace
knock nmnronont in emginu, since engine expe-
riments had shown that. mock in engines ie not
'simply the result of a heat explosion but also

of cold resctions with a negative coefficient of

temperature in certain regioms.
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g. ) gvor Boost

Amongst the fuels used for temporary in- -
crease in output for such special purposes as
starting and air combat were methamnol and etha~

‘nol, leaded or unloadod.ag A number of experi-.
 ments were made 75 whioh confirmed tho advan-

tlxn claimed for secondary nJoct:Lon of notha

" nel-water mixtures and purs water. In ‘partioculax,

water-asthanol mixtures with more than 50 % mo-
thanol were found suitable for double fuel ope-

“ration.

Over & period of four years nitrous oxide’
wes extensively used as & means of tenporarii;
boostiag engine power at high altitudes. At Tirsk
it was used liquefied under pressure st atmos-
pheric temperature. This method gave scmewhat
erratic rumning since pressure altered with the
external air temperature and with vapourisation.
Tater super-cooled, jrouurclass nitrous oxide
was used which allowed larger quantities to be
carried and effected an ilprovcnin:ﬁ- in the spe-
cific performance due to inoreased internal

f, cooling. In spite of the wide use of nitrous
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oxide for boosting power, C.I.O0.S. Rep\ort
No. XXXIT -~ 44 mentions the tendency to look
upon it solely as a makeshift for a good super-
charger and intermal dool:l..ng.
‘The basic problems involved in the use of
oxygen cb.rriera such as nitrous oxide, v;re con-

sidered by Iutz 47, His calculations were based

on the fact that whilst boosting the power, the

| altoration of mdioated power rosults from the

chango in the cha.rge weight due to the :l.n;)oction '

of the carrier, and the energy content of the
laffér, "acéording to the. equation -
OFy AW, AW 9
Fo Vo Vo -
The *air value® is a complex quantity de-
pending, emongst other things, upon the extenmt

of vapourisation of the uygqn carrier. The other

~ factor in equation (19), namely the charge wo:lght
Hohange, depends on :- '

(a) The influence of the blowor due to the
change in boost pressuro. '

(b) The change in boost air tonpera.tnre be-

_gause of the mixture effect.
It was shown that .as regards these influences
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both the latent heat of vapourisation and the

extent of vapourisation of the oxygen oarrier
are very important. Thus the absolute oxygen oon-
tent of the carrier is not the only factor de-
termining its suitability.

From its effect on the woight' of air charge
by reason of its great heat of vapourisation and
its "air value", hydrogcn. peroxide would, if ocom-
plotily nponrisﬁ, even outstrip oxygen in the
inorease given in indicated power. Complete va-
pourisation, liovovor, would be impossible since
cooling of the boost air would be téo great for
the procosé to bobohtrollable, and at the low
temperatures involved hydrogen peroxide would

 become 30lid. The use of hydrogen peroxide as a
' carrier is thus excluded, and knocking and corro-
sion factors etc., limit the only practicable
oxygei: carriers to nitrous oxide and oxygeu.
‘Both 1iquid nitrous oxide and 1iquid oxygen are
readily upOui:.Lsnd. .‘I.iquid nitrous oxide has the
advantage that because of its high latent heat of
vapourisation there is a pighér absolute rise of
output for the ;aio theraal stress on the engine
| then is possible with oxygen. The speoific out-

¥
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put gain of liquid nitrous oxide, however, is
only 60 - 75 % of that which is svailable from
1liquid uxigen. \ L .

Iutz, therefore,defined two ranges of appli-
cation of these oxygen carriers. He suggoetod o
that for laxge gains in outpux over shart ‘periods
- ‘nitrous oxide should be uaed,.whilat_tor smaller
gains in pgr:oxmqnce over longérgpezion, oxygen
is best.

The high thermal losds encountered when
operating with pitrous dxidé, as compared with
normal operation, could be countered by increa-
sing tho amount of fuel 1njectod. The same. offect
could be obtained by using & nitrous oxide-
alcohol combination, with or without water ,
spraying. This slso allowed a greater increase
in odtpnt. Aicqhol or‘pator-alcohollnixtﬁxes reo-
quiro an ignition advance, whereas the quick
pressure rise,when nitrous oxide is used, makes
s;rqtnr@od ignition deairahle.ult uas expoqted 82
hdvevor,’that with ainmltdneoﬁs injection of ni-
trous oxide and alcohol no spaoial ignition »
: ti-ing would be nocoasa:y o
The inportanoo of place of injection of

]
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nitrous oxide on the possible inorease in output
was investigated by F.E.F.S. 27 As was expected,

- injection in front of the blower rosuthd in a
higher output yield than injection behind the
" blower. | |
| Disoizuin_g the oonclusions of Luts, F.A.F.
Sohmidt referred to experiments showing that the
 actual temperature ‘di_ﬁorencvo‘ when working with
 1iquid exygen as compared. with liquia nitrous
oxide was not so great as theoretically cal_.cnld-
ted. Further, he envisaged the admixture of me-
thanol as a coolant in order to achieve exireme-
1y high gains in performance with liquid axygen.
‘Difficulties in the use of 1iquid oxygen
because of its tendency to Eg}:l.vov rise to vapour
lock and also to become lurr‘wndod with a non~-
conducting layer of gas which prevents svapora-
tien, were said 104 to have been overcome by the
insertion of a magnetically controlled valve in
~ the supply ‘1ine. This v_qlig sutomatically vented
 any ges to th§ air. - |
The use of methyl alcohol as a :tuol or as
an internal coolant was sometiimes complioﬁtﬁod} by
the"*mnrtncq of glow mition phenomena. |
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Experiments nade 88 did not result :Ln an addit:.ve
being found which would increase the ignition
temperature and stop the catalytic reaction. An
increase in the ignition temperature was attained
however, by a high percentage admixture of the
hydroformed ;. hydrogenatlon naphtha, DHD - gasollne.



