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.»www._éyﬁOFSia”g;Aviatiqn fuels can be teatied in the I.G. teat .
hqnginejaccofding*to-thengpéu;methoﬁvhy~£1tting’gdditional‘equipe :
ment.  This "ig described together with the test procedure«——For -
. the jnterpretation of the figares obtained; see the following -
‘report Mo, 490, o o o e R '
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.. Thia report contains data for octane number determination
- -aceording. to the Oppau Method. Repart No. 470 describes the -
~development OF this methods ' Thig permits the retipg of ourrent
leaded aviation fuels of psraffinic or aromatic stractuve in a
_ Similar way tozthefDVL;euperoharge*methodi;.LUnder‘ﬁhe.condttiona
degeribed below-the method is not suited to teeting unleaded =
- fuela, or fuele with partfeulerly high benzene additiond or al- .
_cohol blends.  The testing of these fuels will be dealt with in e -
“deter report. - N TR

.- The evaluatlon of the results obtained on the test enging 1s
described in the following report No: 490. . Report Ho. 491 . come-

. pere@” the results of the Oppan Method with those of the DVL supsr-
charge method,  Report No. 492 containg the results of comparas - -
tive tests with the Oppau: Method, 7 , '

SRR ._ﬁ:ia Dqéériptibn of the Method. ; _
. Phe oppan method indicetes the octane nuwmber of avistion fuel .

fin'terms,ofwexceaaiair{ratio; ‘The ‘reanlt is not one single Lig~-

ure. for a.gaeoline, as in the traditionsl ootane‘number"deﬁarm;nf

ation but as meny velues-as there are tests carried ou et = T

J I
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vaPions ag&fratiqﬁAﬂefQﬁe(oppau,mathoﬁ_ibﬁﬁherefbre s multi-point.
jmqthod;erfﬁhe‘évaluatipn?q£¢fqelaa?7lThe_resultS‘obtained%éfa L
‘ususily presented as 2 graphs ‘natnrally they cen. algo .be-ex~
}presaegvyy-numerical-valuesoAior;@hich1the?octane number is pare. .
,tigularlyuaniﬁed-since'1t?£8»nglfkgbwngfrom.theﬁuaualvkbock AR
?rating*sngem;énd}itfatfera‘thq-aGVantage that the fuel rating iz
‘Yargely .independent of the enginezﬂataa“fwﬁhisfts~atgood@poiund -

‘bepause_exﬁéﬁiencg;showgyxhﬁt;thngAggshtitgea.apa~alwa&gg&gb;gggfﬁf

to certain variations, j

- The @ifferent velued £or a given fuel are obtoined by vary-
ing the exgess mir ratic. ~ The maximum knoek’in-tensity corred '
ponds. generally to an excess air ratlc of 1,05, which lies ‘ba~
»tween‘the“Carburettorfaettingijqrioytimum‘Outpuﬁﬁanﬁflcweat'v'- ;
copsumption (Fige 1), Zhe lowest octane number corresponds o -
-the-mazinum knock int&Haity, - With e carbdurettior set &t ‘rich or
Jean. highep octang-nunbers are alwaye obtalned then atb the setting .
For waximum knoek intensity. 7~ o L o S

o

_ ‘gutput,
Whilet the fuel gample is %ested at different excess air ratios
-between 0.7 snd 1,2, the aguivalent”knockﬂreferenoé‘blend'ie';“'
determined. as usuel at the ecarburettor setting: corresponding to
- maximum knock.  -The results obtained are called "Oppeu octene =
- bumbers".’: In the case of routing tekts it is convenient: not %0-
‘bracket each: fuel sample between two reference blends, but to
~.calitrate . the octane number diel of the test engine to the mew _
- operating ponditions of the Oppau method. - Thus the knotk vaiue -
ol the sample can be read off directly on the octane number dial,
- whilst the. corresponding mixture strength is computed from fuel
- and air comsumptions,  For the -resi the test proceduras is the
- ‘8ame in the Dppau.Method.asmln;the'usual'octaqe~numbergdeterminéx

Plge e Bffoch of carburetior setting on knoek infedsity srd -

~.end these are. further increaSqé-by'Weekening.or\r;ohening-the‘

. mixture, the measuring renge of the standard I. G. tesh engine is
, noﬁ;w;daﬁgpough~£0g-ﬁhe~OppauJMethodj ‘&t 18 therefors extanded

_;by—haes%§agethef1ndu9$10n=pre§auré,-_ Hormally the compression

- ratio is-variddxand'c0nverted§tb*octane numbaro72’Tha induotion
preaeure‘can,alaqmbefintrcducedlas;a varisble and converted to

, octane-numper;:-in‘practioe*hbweverfﬁariation of compression- retio
offers the Zollowing advantages: the mixture temperasture remains
practically nnchanged at any excess air ratlo, the mixture =~
-atrength can be immediately adjusted énd. 1o wost practical cases
read off on the*clqgks-gnd¢ﬁhgn,using the bouneing pin wpparatus

" similar comp:esaipg?bfhaeuree,prevailg_whichwiﬁﬂnotnthemcasevwitht
. variable ilndiction pressure, R - :

'tAevavibtion.?déléfﬁave high enti-knogk values to etart with, -

-

: .f;h,iIQADeécfiﬁtion 6f,#hé test»équiﬁment-z o
. ‘Phe étandardvtaSt.éngina mﬁst"bé,fitted:with additionel
eq&ipmeny'(Figa'alo_1gclud1ng:‘“',Z.A Lo

1. Pregsure reducing velve
“&c Surge’temk - .. ot
do. Air meter . .
4. ‘Safety valve . . . . I
9o -Alr manometer with pipe and flange ' PR
9o Néceaaéry pipes and_stOpvvélvea’with-thermoﬁeter'

AN .
N .
.
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i %, Phessure oarburettor .
- 8e ‘Kggck .meter equipment .
©/9. Oolane number dial

f‘QjTPartsJﬁuto”é?arejmbuﬁﬁéﬂ*on e common bese plete,. fixed om
the front side of the test engine, The preesure gerburettor

replacog the conventional one and 1s connected to the mixture
pre=lid¢et ers. The pressurs reducing valve is connected in the air
‘preasure line . and is fitted with a manometer on the "inlet cide,

o TmeTking prineiple o~

o~z In the Seat eguipment (Fig. 33) thesmalr £lows through the
pressure redwcing velve into the surge tank, the manomefer =
ladiOatzngaﬁhgimalns'preﬁuurea*"By-turninsia.haﬁﬂwheelv'the';‘,‘
pressure reduoing valye:in set at 'the desired presstre whieh can
‘be”vead”On‘a‘mérbury.mﬁﬁometer'with5an'agspatable gcale, -From
the surge tank, fitted with gafety valve| the air £lows through
the'meter to the ecarbusetbor intake pipe by way of s hose con=
nections - A second alr lime branches off from the tenk before -
the ajr meber. and is. conmeotad %o the three fuel bowle of the
‘@erburettor. - This second alr line serves as -g preasure balance
for .the carhurettor and o edjust tHe fuel air wmixture. - The eir.
Quentity i3 not measured by the meter, - T oo

~+ . Plg. 4'end B show the pregsurigsed three~float osrburettor.
From the fuel bowl b 'the fuel flows past stopvalve a-and-needls
valve n. into the £i0at chamber, whence it rouches tFe inlet pipe -
tihrough the three-way -cock h apd the fuel Jet d. ' The pressure .
cequalising. line produces the seme pressure in The fuel veasel
: {and at the stert also in the float chamber) as in tie carburettor
- 4nlet pipe. R e A , _

Figg’ag I;G;'teet”engfﬂg with Orpeu egy}g%gh?
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=" 'Pig."3. DiesPem of Oppas epuipmeit Ny
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. Engine datas Bore §65mm. Stroke. l00mm. Capacity 532com.
" ~Gompresasion ratio 43l 9,15:1,T600r;p5m4,91" =
. .Coelent temperature 1000C =~ T .-
- Mixture temperature 1289¢ .
- Inlet pressure ‘1,000mm.Hg, -

'+ Flgs 4, Pressure carhurettor

Plgs 9. Di  r m of 3 béaaurefcarburetfor

" Re gbop eogk
bo. fuel bowl . -
Gs 8%0p cook
do fuel Jot. =
- e, adjusting _ acrew
. ko measuring bulb
- Be . float valve . .
8. Lloat chamber . -
. .‘he three wayicook -
.. Vo change -over.cock -

» "Stop-cock gf;s“ﬁyepSaagdgby‘a,special‘£nel'1ine«contatn1ng,

‘2 20cem, measuring bulb k., - When the gtope-cock is open, the fuel
veesel and measuring bulb are conuacted by ¥ pipes; when the

- gtop~vock is olosed, only the fael contained in the teet line cem
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flow into tha float chﬁ@pgro The equalis*ng air on the fuel bowl
can be gwitched oIf by cock ¢, .and the bowl cen thersfore be re=
planiahed whilet the engine. 16 fed by the fuel in the measuring .
line, When the pressure. is completely equalised the oarburettor 1

5ivcs an extremnly rich mixtureo ;:m=f _ S ; ..'¢J,MMJ.fg“TTf

S ”he air nressure 1n the float ohamber can be reduced by a“‘““5
:@pe oial adjustment screw €, thug producing & leaper mixture., -
The  head of this serew is: gradnate&“for ‘gqaick.reference., ~ The in-
duction pipe of the carbura*tor can- be conneoted to- the atmoapﬁere

‘“by a specxal valve Vo ‘;,x I o , LT

III; ;est Gonditions

In tests by ‘the o)pau method the following teat conditiona
~must be a*ntaineu** o . B . ,

S ce { Q—;.”
_,1p Engine apeed BU0r.p el TR T
. 8o Cooling water of 10000 boiling point. ST
"3, Mixture temperafmre 1259C. -, o
“4.-Ignition timing 22°B.T.C.
B¢ Sparking-plugs Bosch DM175. - ‘ R
6. Induction pressure. lOOOmm° Bg absolute.,,i
7. Excess &ir ratio for the test aample vagied between 0.7 end
w1 1.& for the reference blend set at meximum knock. -
8, Kroeck intensity: This is set by the compression ratio and
2o 4t puetebs similar to that used in the moior methd octanev -
“. .- auhber determination. - I¢.should therefors corresponﬂ to P
.3the following reference knocs intensity: .. g
IR = 6,20 for OON 100 FRR B
o “fv--Particulsﬁ‘ﬁéﬁé“muat“ba given to allowing aufricient running- .
i ~inon the 00N 100 reference blend. . .
9. Bouncing pin apparastus with leaf spring end 0.4mm. &CFR) oy
-~ _» diaphragm. Set ¢inter at about 50 divisions (centre, dlalL&
~ .. 10: Knock meter~ gﬁing coil instrument with & good natural - s
o, domping is ueedo ‘The therio ‘transformer .of the conventional
7 eyuipment is disoarded.. ¥ig. 6. showg tha diagram of tha '
. 'knock medsuring equipment. - '
. 11p Octane Diel: This muzt be recalibrated acoording to the new
- ‘operating conditlioms., . The new calibration of compression
- ‘ratio against Oppsil octane number is shown in Fig. 7.
12, For the rest the operating 1nstructiona o; the: I»G teat
S angine are anplicableQ ‘

[

, F;ga Bo Knocx: neas uring, equipment

Fig° 7 Compreas;on ratio anﬂ octane number
' R e ﬂ1m
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«ivg Teet“pfocedure;vg

Preparation.

s

_ The stop-valve on the inlet pipe of” the carburettor is. opened
and the engine run according to working, mstructionaD uging gas-.
‘0line from bowl Nb. 2, ~ The semgle i= put in bowdl No. 1 (previ-
“ously cleaned of fuel residues) and 00% 3100 raferensce blend in: -
bowl No. 3.  Owing to the over-richx cerburettor adjustment, the
‘threeway valve is not aet ekactly at & but a few mm. beyond it.
vThis reducee ‘the fuel passage‘ producing a normal mixture strength°



The approxinately carrech poaztion of tha valve 18 determined by

listpning to the knock intensity. The tect engine ‘ahonld be ran
in/with ‘moderate knocking until the preseribed. temperatura 38 o
approrimately reaahed, which should ‘teke about 30 minuteso 3Af%f%

L wvin tha meantime~the acala or the mereury manometer g adjuate
ed until the two ‘equel brarshes of the mercary column indicate_ a
-the prevailing air pregsure, a8 taken from a baromsters — The .
. pressure air line is then opened and the valve.on the induotxon
pipe’ 18 closed.- Now the epngine runs on boost preseureo 18
_peoeseary the pressure in the surge tank is sel to the ‘desired.
“value by the reducing velve. The mixture pre-heating must be
“ad jue teds . The three-way velve is switched to position 3 (refer-
ence blond O.No" 100) ‘and the test commeroea’ with 8 check of the

‘octane dialc,v-_‘ e

————-—The above msntxoned refereuce blend of O.Knloﬁ ia composed
of raference leaded - gasoline end leaded reference fuel Z, in

$he volumetric proporiion of 18:82: in both cases the TBIaconmen‘
i6. lee¢ per litra,  Thie retio is- obtainmd from Fig, 8, ia the -
usuel way, 1.8, firss by verying. the compression ratio and then
by means of the  carburettor adjuetment, the. engine is edjusted
for the QOB 100 referenoe blend until the pointer of the knock -
meter ghows 50, - The compreesion dial must then indicate 6.40.
The adjustabls octane ‘dial is then adjusted o ON 100 suod the
‘mean pointer deflection noted.  The knock intensity im all . =
following octane number determinations must then be augusted toﬁ»
thas poinﬁer deflectiono . ‘g~wfwm»w~ : . R

-

Fiao Ba Re;eranee blenﬁ and octano numher..;7

. ff* }1  ~1 PerformanEb ax Lha test.

: After checking the octane disl ﬁhe uhreecway cock is turned :
to-position 1, and the englne run on the gasoline aamplec ~Phe
test beglne &8 in.the usual kuock rating determination. by find~ -
..ing the minimam octané number of the ‘samples A Pirat the com~ -
pression ratio: is adjusted to low knock intensity by turning the
“hapd: creuk, then the cnraurettor “is agdjusted to maximum knoek by
"means of the adjustment screw. - Now the Znock meter shonlé give .
. the same reading ag in the previous check of the ocetane djals .-?
If *his is not the case, the compreasion ratio is altered sgain
antil the desired reading ig obtainedo . .Then the octano dial

‘/inﬂicatea the knock value of the fuel aampleo o N ,
. _

To meanure the m;xture atrengﬁh9 the stOp eock of the cqre‘
burettor is clIpeed and the engine rune on the fuel contained in .
" the measuring bulbs  hen the fuel level cromses the top merk of
the .buld the eir meter ie set in motion and then stopped whon ﬁ:e..
“fuel level reaches the bottom mark; the air meter thus gives '
‘directly the ailr coneumption for: 20cu.cmo of fuel. . Subsequently  ?
4he stop cock is turned.on .agsein, and the messuring bulb Lills -
onca mare w;th fuel. Octane number and gir aonsumption are noteua

The compveaaion ratio iu now increaaed by about one octane
number acoording to- the Uo.N. dialc,v The knocking increases and .
‘g0 does the kpock meter reading. . By turniag the adjustment screw
'in ‘a2 @lockwise diraction the mixture strength Is slowly varied:
unt11|ﬁhe Knock meter reading*agaim reaches the decsired valueo
Tha second .M« is thénm ‘read olf and the air comsumpiion for .. .
20cu,cmo Of fuel noted,  Them with the compression ratio ua-
changed, the adjustment ecrew is slowly turned anticlockwise up~
til the pointer efter firat rising, roturns-to tha prescribed

value° : Once more the air con=umpt10n for -£0cu.cm. of fuel ls



e

‘meagured and noted, together with the 0.8., which bas not changed.
... The test is thug continued, until b to 8 fizures are obitained
'apprqggggtcly‘between‘oa7]anq;;aaﬁair;axqess coefflicient, ~The |
-aip-ratio proper 1s caleulsted in the ueual way' (see Report—No.:
49070 " These air excess coefficients are plotted mpainst. the
forreaponding QsNe'8g, axd at-the same time additiona) points of -
“the rich mixture- curve ave insorted.—0wing to the irreguls™ ' -
‘rpnnieg of engines—in the lean region, particularly beyond "
A= 1,2, fewer values can be obtained here-then ln the rich. . -
‘region, ;.. Ag & repult curves are oktoined as in Fige 9., whioh e
sra flatter for paraffinie fuels ‘tham for aromatjcs. . The poipmts
- of-Pigo 9. were determined in The ‘order shown by the Tfigures, - -
To facilitate the plotting; aperi Cromthe £irst test poinmt, .
whole octens numbers were slways wsede 0 - o

_Figs 9. Opoam method knock iimit curves. .

- Phe” teat of a Fuel.sampla laats sbout %;hour'agﬁiraquirea

approximately 500ca.ems ¢f fuel.  After complet.ng & test the -
three=way cock iy aswitched Dack to position -3 and thé compression
ratio ie ireset to OON 100c - At the same time fuel bowl Mo, 1 is

efiptied, arier dilgonnecting the air pressure Pilled again with
Sheinexbadnel voemblé ‘and put once more under pressure. .  In-the —
-mgantime the engife is run oA Ho: 100 refbrence_plend,, Thus

it is pousible to: check the ootsht ddel without loss of times.

- The test 8. contiiued as Geccribed aboves e &

"""""" o e , Teat-éccuradx;‘r"" | ‘
= ‘In'thegfggioh—of Og”loo[ﬁhe tésts can be éccdgatéyw;thiﬁ'f
4 0.5 00N end % 0.02 eir excess coefficient, These figures. -
refor to tests on the ssmetest stand. S RN R

;

o ‘”"”\.7A;;"’*?47fV§“Haiﬁ#ehance."" | .
'J7_Simglqﬁlygﬁg?ﬁhéQuahaifOoﬂ; déﬁermiﬁatioh, thefriéh[ﬁiituré ﬂ
curva - 18 repeated from fime to time with a ‘suitable stapdard fuel,
At regular ilabervals, but partioularly aften a long period of

. imactivity or after an overhsul, the Zollowing must be checkeds

, - ‘Oetape pumber diels ‘

The:check of the 0.N, dial with a reférence blemd has al~
‘ready been described.. If the.resulting pointer reading is 30 or
70 instead of 50 a5 presecribed, the fuel sample must likewice be |
ad justed to: the altered characteristic, - N T

- .'Should the pointer resding be at either eund of the dial, the

 compresgsion ratio is adJjusted ‘to s pointer reading of sbout 50 and
~the OcN, dial correspondingly adjusted, the compression @ial -~z
- bematnlng:ynehanged .. "Thedi fference in~comprossionTratio.fron
| Asbgpaianderd valueabs4 should not exceed de0.2, " This might
happen as a result of gee leekege frowm pisten or valves, insufe
- ficient valve clearance, erronecus setting of the compregsion aisel
.or the bouncing pin device, or incorrect ignition advence. - The -
-oause of any excessive diflerence muat be determined and removed.
' Periodically the octane dial must be checked not only st a
single point,: but over ite whole ranges “ This applies perticas
levly after englpoe overhauwls, . = - 7 = o U T Wy



Bouncing pin anparatue

The higher preesurea involved in thc Oppau method a8 oompar~
ed. to normal operstion nasessitate = thicker: diaghragm and higher
ipading of the bottom contacte. . Otherwise the Enown rules epply.
for the"adjustment of bouneing pin devices. A8 some aviatién ;wv‘
fuels have = high aromatic:content, the: check tast ghould - oceasion~f
ally -be mede with benzene which should produoe ‘no-deflection on:
the knock meter up to a compress;on ratio 8t 9,00, For the sam°
reagons it is adviaable to aaguet the bounoin° pin device 1n the e
,upper,range of octane numbersg , v R

_aAlr 1&ﬁé;

R This muat occae;onally be chedked for leakage by brushing tt :
,-thh soapy water., This applies in particalay to that section of f
_the line which carries the measured air guantity inaGluding the
»_mgxture heater,. f Tha pipe ahould also he drained periodicallyo D

el

Safe@l valve. - | D '1¢< ;1
A This 1a adgusted to Qo Satm gauge preﬂeureo which should be
- checked periodicallyo. ,. S ) R _'ﬁ

i ,v~.“;: ‘;ff Se1f~ign1tion

[

, “To. aalfwignitioﬂ,ahould dcour in thé normai test region’wiyh '
“exoess air coefficients between 0.7 ond 1:8, ~ Vhen they occur &%
" the rich carbvurettor seuting cxperience ahows that the teat valuea
.--are not: affectedo~~ S ,

, ““1n“géneza1 ﬁhe aenvieing inatructlons of the I.G teSu engznef
are appl;oableo -j_i_ o : :

{ wffM;,_-l   2' Teat presaurese_

i - i "‘

‘S&rvé tank and a*r meten«are—tested ‘at 3atms. anﬁ 1atmc the -
oarhurettor at Zatms . The result of pressure tests on. three
observation winaows aﬂd meaauring bmlbe is~‘” ' EIRTET

oneervatlon w;ndow-';.straasth ovor AOBtm.
measuring bulb F . : lﬁatmovf

fRAB  2nd. May, 1946,





