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Ttem 2 - Collected Reports of Deutsche Luftfehrtsforschung (with Index)

Subitem 24 - Report of 6-17-1941

Report on the Sessicn on 'Khook Behavior of Fuels" of June 16 and 17, at
Berlin-Adlershof.

-Pages 7-15%

(A) Fundamental Considerations About the Determination of Krock Behavior of Fuels
= wDpiAEd ?hillipovitch, -DVL = S U —

1. Purpose of Khock Behavior Testing

.. This is &n 1ntroduction ‘which briefly msntions the dual usefulness of
knock rating studies in determining the guitebility of & fuel for a given engine and
in improving fuel quellty.

I, Methods ‘of Khock Rating Determinetions T

8. Chemico-Physlcsl ‘

A general discussion of the two types of physico-chemical properties of
fuels, nemely "integral" (constents such'as specific gravity, -molecilar. weight, B
_refractive index) which are edditive for fuel mixtures end "differentiel” (complex .
properties slich 88 auto-ignitibility; ease- -of'~ oxidetion,wetc J-where.the. special
propertiee of & smell component mny affect the ‘mixture appreciably.

Factors affecting behavior of the fuel- iﬁ_fﬁ_“engine are then considered,
‘aleo subdivided into two groups, nemely,. those which produce the semo effect in all
engines (compression ratio, air temperature, coolant temperature, cylinder. volume)
~-and-those-which-affect- different engine.types or. individuel engines differently
(RPM, galve overlap, exhaust backpressure, construction of" inlet and’ exhaust, Tiel”
mixing o IO i e :

Two methods of correlating fuel properties (ignition velue (zuendwert)
and 1gnition delay). to engine test ¥ values are mentioned' the well known“ msthod .....
of Jentsch;-and -the-meLnod
‘adiabatic compression by means of an observation window in & cylinder, \This latter
»method s .said. to ghow. some promise of satisfactory laboretory?determinstion of

SR

Ky the FoeL: -Mgt-f rames-contain—two-




b. Fngine Testing of Fuels

 The difference—in-significance of engine tests for motor and aviatlon
fuels is explained by the fact that knocking in the auto engine 1s eapily remedled
and therefore the knock rating mey be allowed to represent a median value, vhereas
kmocking in the aviation engine may lead to engine fallure and therefore the rating.
should teke into consideration the most unfavorable conditions under which the fuel ,
may be used. This serves s introduction to: : , o

i

c. Octane Number and Tts Modifications ' ‘

_ The CFR motor rating is discussed with respect to influence of carburetor
setting, air-fuel ratio, and mixture temperature. It 18 not considered satisfactory,
and a satisfactory modification 1s not expected, o

d. -Overload Rating

The degree of overload until kmocking occurs is coming into general use as
a test of motor performance. The remainder of the report presents & number of
graphic correlations and discussions of the influence of various factors on this
test. All tests are based on results obtained by DVL, on the BMW 132 motor.

o. General Factors 'Influer;cing the Overload Rating

- These are compression, temperature, gpark advence, and-volume increase.-
Air:fuel ratio has the same effect, when using a single operating procedure, for
different engines. Other special variables-are more unpleasant in_effect beceuse
they cannot be normalized. This goes particularly for revolution, exhaust back
_pressure, valve overlep, etc. ‘ ' '
o Fundemental changes in operating procedurs, specifically pertial fuel
injection, cause fundsmental” chenges™ in-the-results-obtained and will have to be
studled. v -~

f. Standard Fuels

The factors to be considered in chodsing a standard fuel ere vefy briefiy '

Pages 16-18

(_B") " Physico-Chemical Congiderations in the Determinations of Knock Ratings of Fucls -
~Dr. W. Jost, University Leipzig =~~~ T e

I Tuntamente) Considerations
‘ecwloilll. Fundementally. there ie no correlation between simple -physical constents. .
st ian, st T castis possibility, however; of correlating general ..
physico-chemical, perticularly reaction kinetics, studies with lmock ratings. 'This

-prempp_oaeem..thatﬁ..,,,,km, s




1. The lmook proceu 1a oouplotoly undoratood;

2. The khook reection can be a.eteminod oxperinentslly for eny fuel.

3. The variables a.ffeoting knocking’ can be evaluated for a given engine.

The current moroation available ocn these three ooifm 18 _diéouaeed.

II. Practical Considerations : ‘ |
. The status of vork 15 diacuaeedmw ite purpose the thorough

study of all variables of an engine vith two fundamentally different gtandard fuels
and the possibility of applying such results to d.ifferent engines,

The work is in 1ta initial etages.

Fageﬂ 19 -21 SR e ',,::'f‘:":".::f e :‘, e S —

(C) Chemico Physicel Significance of the Overload Behavior of Fuels =
E Ha.ns f‘romherz - I G, Ludwigeha.fen .

' This report is a short eurvey of two etudies in progress ‘at I G. Lud.wig-
'sha.fen, Eigh Pressure lab.

I-, Theoretical Significa.nce ‘of Knock Limit Curves

To exp].a.in the characteristic knock 1imit curves theoretically, the vasic
consideration was used that the highest temperature attained in the unburned fuel
-in-a cylinder is responsible for initiating the knock. This temperature varies with
“4ntake air temperature and air excess value in-e menner: whioh can ba.calculated from

, compreasion and com'buetion ’comperaturee. ‘ :

A series of knock 1limit curves was ca.lculated for different eir inteke
‘temperatures, for iso-cctane and benzene. Good correlations with experimental
results were obtained, in epite of some eimplifying aesumptions. No detailed die-
cuaeion or data. are- presented. ;

- IT+Caleulation: of. Knock Limit Curves - of Fuels from the Ootene Numher of the
Base Fuel (Reatbenzin) aml the Kromatic (or ﬁa.phthene) Content

' Thie 15 a methoa. currently 1n development. It permite ca.lcula.ting the '
mnximm and minimum of knock limit curves to within 1 atm, of MEP, based on the. .
on of ‘& stendard knock limit curve for aromatice to—a.n—empiricel correlation
“of "the knocl: limit curve ‘of - -the-page-Tuel WIth IV8. i) .

Pagee 21 30

(D) Knock Measuroment by the VL Overload Methoa Dr. Seeber y DVL

Tnte briefly mentions tho history of the DL rastoat mathol of ‘tooting




II. Limit of Frror of Overload Curves
- Thiggectionpres en‘be—in*detaivbeomeuof_the_-pracja_ic_al factors which must
be watched if coneistent results are to be obtalned. Maintenance of engines, care
in semplé hendling, magneto versus. battery ignition, etc., are discussed. The
1imit of error is found to be * 2 per cent of MEP for paraffinic and L per cent
for aromatic fuels.. - o , o v

III. Reproducibility of Knock Limit -Curvés'Uaing Tdentical Fuels on Different
. Fngines - v " ‘

A number of co-operative tests are presented by meane of graphs, and dis-
cussed. It is concluded that the a.bove-mentioned 1imits of error should also be
applicable to tests carried out at different locations or with different engines.

Iv. Conclusions : -

Thig presents a number of conclusions, moéfly"é’p'é'ci»fiéé.llyl"aipplica‘bl'é“to‘"f
“the DVL testing setup. Among other recommendations 15 one to the effect that fuel
be leaded just before testing, or else that the TEL content be checked at the time
“of the test. , ' : .

Pages 31-32

(E)—Reproducibility of Regults from thé"'DVIJ“"Ci}"éi'I"cSa;d.’"'Test"‘:‘"Dr';'*E;-~-Wenzel~-~---
= T Intava-Hamburg o : ’

K devistion in MEP of + 110 per cent was found when retesting the same
fuel over & perlod of two months. o

(F)~ Reproducibility and Accuracy  of the Overload Test.
Dipl.-ing. Witschakowskl, G :

Regults of tests at. IG are given in ‘some detail, together with a dis-
~cussion of some of the possible causes of error. o S T
e i bt S b e 1 e mtok sttt o st ol \ ) . ) ) .
-’ It is concluded ‘that agreement of results cbtained on different engines—
~ig-at present somevwhat unsatisfactory, ‘but fuels can <be‘definitely,evaluated. if the
seme reference fuel is elways used. "It wes found that, depending on the fuel, . -
" pend-widthe (i.e., maximm renge of .deviation.of curves) up to.2 atm, may be found.
To_improve. accuracy of -results from different-engines, more detailed instructions
“ag to-construction features, : 16-8Rd- _are recommended.

() TExperiments with Liquid Cooled O j1inders~ - Dipl.-Ing: Pentdg
- Tech.‘fé.-Pmefstand-Oppau‘.‘"'IG’ R E TR FEa P

reprolucTbIILLy. oF overload
16 Heat load~o -the-cylindex
ignificantly,.a series

- ke imtroduotion some 0
‘tet -resulte-are ‘digcussed. - Since
being very high-in the: 3v‘1§rgezf1:envgjv.i}9vs S af




of expér;ménts were made at Oppau using two different 1iquid cooled engines and the
stendard air cooled one. The engines used were the BYW 132 (standard), DB 6001 (the
one cylinder model of the DB 601), and a single cylinder Jumo 211, The conditions
used were: . '

Compression Ratio 1:8

Intake Air Temperature - 130° C.

Revolutions n = 2000/Min.

Iube Out &t 70° C, '

Coolant Out at . : 80° C. . : .

Fxhaust Counterpressure  3-400 mm. Hp0 at 1500 m. Hg Intake Press.
Fuele Used . . By, CV 2b, ET 100

There are several‘photogfaphs of the engines, graphé of .test results, and considera-
ble discussion. The following facts or conclusions are mentioned: :

redults.

_ Different engines evaluate fuels differently. The DB rated fuels, particu- -
larly aromatic ones, higher then the BMW.. The Jumo gave lover-ratings; this was
largely corrected by improving the coolant circulation to the cylinder. High cylin-
der temperatures were presumably the cause. :

" “Valve timing was 8AOther fébtbrfTOﬁndftOfaffect“theffétingé~appreciably:

, Several methods of observing knocking at a distande'from the éngine are
discussed briefly. ‘ '

Pages Wy li6 - .fﬁi. e

—(H)~Knock-Testing-by-Pressure RisemIndioators;-wH.”Weﬁde,mDVLwM

' The testing procedure is based .on the exact basis of the pressure rise and
f£all in the cylinder,-which‘15~suitab1y determined by & quertz indicator. This .~
diagram shows no great difference between knocking and. non-knocking operation. In
particular, the maximum pressures are not very different. By electrical differentia-

Mtionmof@the%preseure,41,Qﬁx:ngOrdiné;gp[gt,'the'reading_1s'more sensitive to knock,
but still not suffibientlyﬁsb."Evenjgreater‘sensitivit&wiéféﬁtéiﬁéﬂ?By“ém@lbying”“”“
,the'second]deriv@tiye d?p/@t2,w'In-physical’terms,-the second derivative ls & meas-
‘ure of*degree\of~curvature.’~Sinbe7théldeéfeé,6ffcurﬁdtuféﬁéﬁ‘the“indiqapor diagram
peak is"changed markedly between knocking and non-knocking operation, this shows up
“well in the second derivative diagrem. This-1s-illugtrated on the film. N

" ne novelty of the DVL process 18 the methiod of evaluation, in which not
the, peak-amplitudes at two engine settings aro compered, but the first knocking 1s
‘depgrming@;gg4gvvgl;Tmﬁfkédfﬁéiﬁtwinféﬁfdﬁératingfcurve:ffFor“this“purposeymthe;ay

“pesks of d2p/dt?, which may be deteérmined &t any desired constant sens 1tivity, are




plotted ag ordinates egeinst an abscisse of any variable whose increase promotes -

" knocking. - All other factors affecting knocking mist be held constent, The plot so
obtained conteins a marked bresk. This break has been found in all such tests run
over & period of several years. The break indicates the point at which knocking -
begins. Inteke pressure and compression ratio have been used as abscisse for the
curves. In engines in which intake pressure or compression ratio are not easily
veried, this method cen still be applied by plotting the knock-amplitude versus
fuel consumption. The kmocking renge 1g then merked by two breaks in the plot.
This system of testing ig also epplicable to full scale engines. The Zelss-Ikon-
Knock. tester is the preferred instrument for this testing method. ' ‘

4 The last tw6~pages of the paper are devoted to a description of the main
features of the Zeiss-Ikon instrument. S ' :

Pages 47-48

(1) “Knocking-in Engines-with large Velve Overlap end in the DVL Process of Delayed
Tuel Inteke - Dr, P. Kornacker. - o i I

A brief general discussion states that overload test curves ars more
favorable in engines with large valve overlap, particularly vhen using aromatic
fuels. The second part states essentially the following: - It is known that, for
auto-ignition, a cortain induction period is required which varies in en exponential

.relation with the temperature end with the pressure of the uncombusted gas in the
—conbustioh chamber.  In addition,” the knocking is affeécted by the mixture ratior -In-
the normel process of fuel inteke. during the suction stroke, the time required fTor
auto-ignition is quickly attained with increased overload, and knocking takes place.
“To operate an engine with increasing overload without knocking, the fuel intake waes
modified so that only & small amount of fuel was injected during the suction stroke,
‘with the conseguence that there 1s only-a slight tendency to knock beceuse of the

great air excess. The remainder of the fuel required to give the desired mixture
ves Injécted during the“compression”strokeywandweome~evenwinmthempower.stroke;wthia

_reduces the COmbustionrtime below that required.to initiate kmocking.

B Experiments in eeveral-engines indicatéd that the MED before kﬁbckingféan~
be raised 2.l Kg/cm® (28-56 p.s.i.) perticularly when using excess air. The over-

load curve is considerably flatter in this case than when using normal injection.

" (3) Overload Tests in the NSU Motor of the Ruhrbengin, A.G., Oberhausen, Folten -
.7 Dr, Fr. Schaub - BT R — .

ce e Thig paperwpreééhtswm~ ~doveiopment-york-ef~a-gmall-avigiian Lot k.o tnel
Ingtead of the;usual,20-30-1‘(5»8‘gal;)‘of gasoline, this engine requires only -
.2-5~1ﬂ(leésjthan.lngalg))wthusjpexm;tpingktggts"on leboratory prepared synthetic
T o e S T

Lo The.enéineiiéfa‘ﬁdaifiéa'Nsu1501'OSL{enginefa This is’an air-cooled four-
-gtroke-motorcycle anginefwith.BOfmm:*bore*and*99%mma»gtrekefquinﬁinmakegia.ihzggga‘
Tigﬂfiltér*andfsas‘mefer&“the*ﬁifr18*¢°mpreseedﬂan¢ap§ﬁsi an-oil-separator




and electric heater to the engine, Intake air pressure and air volume are regulated
by & by-pass valve between compressor suction and outlet, . Fuel is injected into the
intake line, in contrast to the BMW.B2 single cylinder (standard test engine), where
1t 18 injected directly into the cylinder.

_kage‘g_emainder of the report discusses in some detail part of the develop-

ment work on this engine, and the performance in abgolute terms and compared with
the standard DVL engine.

Pe.gee 54 -58

(K) Fuel Evaluation 4in-a- Small Single: Cylinder Fngine Ing. Singer,
I.G. Ludwigshafen, Technlascher Pruefste.nd .

The "Oppau procedure of lcnock testing is exple.ined e.nd d‘iecuseed. This
is a testing method at conditions intermediate between Motor and Resea.rch method

The test engine 18 e‘n‘"IG Motor™ with’;"the following modifice.tions 3t

(1) Addition of an air tank with gas meter end alr regulator to permit
use of plant compressed air

(2) Addition of & pressure tight carburetor with measuring bulb for fuel
»Ameasur.ement_.b__,,_i,_m...A, et et e, .

(3) Knock indication by meens of & gquartz box.
(%) "Use of spark plug with higher "Gluehwert.
(5)" Celibre.tion of the octane dial to- correspond to ‘the new.-condition..

‘(’6)"""’Inste,11ation of the necessary thermometers e.nd manometers.

The—following changes were ms.de from the normal ¢ Motor conditions
"(1) RPM 600 (as in RM (resee.rch method?)) a
‘(‘Z)”*Pfe‘ignition 22 (unchanged)

1oo c. (e.s in PM)7

n

(3) Cooling temperatufe.

(4) " Mixture tempefeture 125 C

’(5)” v‘Inteke pressure iy W“Hg

. (6) Carburetor settinga Oh&nﬁeable from ?\ ‘O T %o 12(>‘= ei‘zf.excess)

’1

The test method is as follows..

e e e ot i A

o Xhe Compl essiotr‘rabic*iseehengedwuntilwthere.is,_g_light knocking, 80 that
*the*pointer -of:-the- -knock::1nd £or. reaches 50 -~The- carburetexj. -1s- ﬁs‘et foz:.“ma.ximum i,
Imocking,..1.6.;. ‘approxX. . ¥nock. ra.ting can”then: ‘berread: from

ne :the. air”' uel re.tio;the air- consumption 1g: meesur__ed_‘._‘

‘the. octane_,slial PR (o del




: . A richer mixture is then fed. ' The compression ratio 1s changed until: the
knock meter again reads 50, and the second octane nnmber is read on the dial. B Air:
fuel ratio is agein determined.

B ”““Six ‘to~elght octane numbers-are-so- determined botween A = 0.7 end 1.2

They are plotted as an overload test curve. Such & test takes about £ hour. Aboutf
500 cc. of fuel is required. Accurecy is about f1° ‘octane number. Reseaerch and Motor
method tests can be run on the seme inetalletion “by modifying conditions

The remainder of the paper diecuseee 1n detail the accuracy of the method,
the factors 1nfluencing 1t, and the comparability with the BMW 132 engine.

Pages 58-59 R

(L) Reference Fuels - Dr. A, v. Phillipovitch, DVL

o = The-qualitles. deaired in.reference fuels. for various engine teets are very
briefly‘discuesed in-gemeralities: , :

Pagee 59-60

(M) Temperature Senaitivity of Beference Fuels in Octane Number Testing-
-Wf"VADipl~*1ng. KnafflT—OLEK;_BerlineRummelebnrg

It 1s ehown that variation of the fuel-air Tixtire” preheat ‘cangeg-a-con=
giderable change in the octane rating of an aromatic fuel rated against a paraffinic
reference fuel, whereas the change is much slighterwhen=it-is- rated-ageinst pure
benzene. When rating a paraffinic fuel against a pareffinic reference and against
benzene the change in ratings with preheat was practically identical for both refer- -
“ence fuele. “The" significancehof these: data 1s-challenged in the discussion gection
of t’ ‘ port

Page 60"

(N) Application of the Overload Test to Lube Testi_g
=Dy A V. Phillipovitch,DVL B

s Previoue work of DVL and. cther eourcee indicatee thet changes in the lube.
oil are mainly & function of engine temperature Therefore & vich mixtire operation
“would: eseentially correepond to operation. at higher temperature Until .other date -
are available there is'no’ need to consider rich mdxture testing of 1ube oils.

Eages 65-66
(0)

Chemical Characterietice of Practicel Storege A
- DI‘. Ac VVJ \ Phillipovitch) DVL

A ery generel diecuesio factors considered in planning gome DVL gtor--

age etability tests. It is concluded ‘that’ all that cen be finally sald of & gasoline. .
“is. that 1T W11 Ve T BrObabLy" etable~on1y~under~favorable-etorage,condit;o or prob-»
~gbly~gtable: eo under unfavorable onee., \




Pages 67-T3

(P) Formation of Heavy Material During Stbragé'of Aviation Fuels -
Dr. 1. Morghen, DVL

e Main.purpose of the paper 1s to review the status of laboratory testing
for storage stability of leaded fuels. The decomposition of TEL due to oxidation 1s
briefly discussed. In a nitrogen atmosphere, TEL in. gasoline was not broken down
when kept 5 hours at 180° C. '

; ' The_"bomb-test" for storage stebility, which was developed for unleaded
fuels;“15~aleo—beingAused.ﬂor-leadedaones,mbut is considered unsatisfectory. Theo-
retically, the most degirable test would be one which permits observation of the
various breakdown processes (oxidation, polymerization, condensation) separately, but
no such test 1s likely to be devised in the near future. An experimental study is

in progress of & stability test using an oxidizing agent-similar to oxygen which is

“not influenced by natural-innibitorssmss=sroswis

A detalled snslysis is made of & serles of co-operative "bomb ~tests"
- carried out by several leboratories. It is concluded that (1) a daifference in age
of even a few days, of two identically leaded fuels, cen change the results signifi-
_gggﬁly;ﬂgg) this difference is easily increased by transportation; (3) the evapora-

_tion step of the'tééf“éﬁﬁ"iﬁfIuence—the—results—markedly,_and_the;sxonage_tﬁmpera-
“ture-algo-exerts -some-influence. : o

Seven suggestlons are given to meke the DVL bomb-test more reprodﬁciﬁié.

Pages 73-T6 ' o ) _ ",_, P  m___m
(Q) Storage of Fuels - Dr. H. Velde, Rihrbenzdn;  AuGs g o o

" This paper reports “\éiéﬁ'éi‘iéﬁé:éé‘"‘i‘ﬁ”i‘s‘térage‘i'of"‘éyﬁth9515"‘Pr°d“°"°a“'and'*Ci'a okl
products. ' ‘ .

‘ A series of storage tests were made of the following: primery gynthesis
pfoduct; cracked gasolines made from the-lighter synthesis producte, and mixtures of
_the two. Of these, samples were stored as 18, and with 0.2 gfl of cresol, 11.5 )
volubé“ﬁéf“ﬁ%ﬁf“fﬁélwalcoholf(Treibstoffsprit),ﬁand“O.Schmllﬁgf TEL, ‘The samples

were stored in gelvanized and plein jron berrels. They were examined after two -
years' storage.” The follqwing{observationa were madet i ’

(1) . Change in Octane NUMber_j [;

" Ostane numbers had-dropped-considerably, THBL Ot TR HEE Voo o

from 58 to about 40, that of cracked gasoline from,667to_about;h3;thﬁé*éf¢ébl'f e
inhibitor prevented-this'drop ‘almostcompletely. . The alcohol prevented octane nui-.
or 1685 of “the primery-gasolines-and.held .that “of cracked gasoline ‘to about bt
wnite. - Surprisingly, the TEL eddition prevented octene aumber decrease for both'
‘ *syntheaiggi]gngg;lﬁgggmggggged gasoline (80°0.N.), but only for the pamples .
- fgalygpiZed»barrele.ﬁJJMQseQEfoEa ity barrels-tost-T-(syntliesis).and
craqkéd)chﬁahéfﬁﬁiﬁéf'L'W’ s i ‘ T— ‘

!




o The octane number loss is mainly caused by considerable-peroxide formation
(referencet Schildwaechter in Bremnstoffchemie, 1938; peroxide content of 700
reduces the octane number 1l points). Increase in active oxygen: primary gasoline
600-700 mg/1; cracked gasoline - 1000-1400 mgf1;. primary gasoline plus inhibitor -
<10 mg/l. The effect of inhibitor is not so pronounced in case of the cracked
gesoline, but increases are held to 30-60 mg/l in cresol inhibited semples, and as.
little as 10 to 20 where.cresol and alcohol were added. - !

i

(2) Resin Content -

. Two tests were used: The evaporation test (Abblasetest) and the bomb-test
“W#ith-seven atmospheres Op at 70° C.- : ‘ E

Primary synthesis gesoline remained entlrely gtable, as indicated by
maximum evaporation tests of 6 mg/100 cc.. and bomb tests of T mg. The induction
‘times ere in all cases over 4 hours, indicating that the peroxides do not cause gum
‘fdfﬁation’althoﬁghftﬁéy*ddééffébtfthe’oétanélnnmberifﬂThe%gasolinesremained;water:
white. The uninhibited cracked gasoline gave evaporation tests up to 385 mg.and
induction times of 100-120 minutes. The inhibited samples gave favorable results.
Of the leaded samples, only those stored in galvanized barrels remained stable.

Pages 76-TT

“(R)”“Storage”Stabiiit?»owauels~w~Dipl.-Ing.”W;llner,mTesting_Station Travemﬂnde;
Storage tests were carried out on the following:
(1) Aviation fuels L

’(é}"ééﬁl cracked gasoline alone and blended in aviation benzene:

(3) Creoh aviation gasoline and Tte blends With Czech eviation benzene,
- TEL, and iron carbonyl. . . lon”penzont

’

The semples were stored 1nm56:I7vE£3;Eé§rcohtainers, riot peinted inside, and provided
with a breather pipe protected by gilica gel. ~Storage was over a period of two
years with summary tests every 3 months. - ~ R o

‘The following was concluded: _

"Al1 unleaded fuele and leaded fuels with 16w aromatic-content store well
Leaded highly aromatic fuels are unsteble but no strict correlation could be nade
beotwoon—arenadic: . Stability decreages as lead content increases
Out'of‘Siitééh”étbfagé“tésté;“bnly*three“correlated:well;wr .
"yomb teat"-on the fresh fuel. The bomb test is therefore considered
“and more date will be collected 4n en‘attempt to confirm this.. ...

a:l’\'aygés 77-18 RN ,
~(5) Talkiby tors = Dry~TrMorgheny-DVl-——

-----

'

" Good results obtained with't

’ﬂrieil&‘prﬁsentgd;: &




Pages 78-80

(T) Experiences with Aromatics Tests and Todine Numbers - Dr. H. Velde, -
Runrbenzin AG, Oberhausen-Holten

. The aromatice test discussed here is the chemical determinetion by meens
of the difference between emount soluble in Kattwinkel reagent ("aromatics plus
olefins") and in 90 per cent HpSOy (olefins). This method 1s not congidered very
reliable, and some suggestions are mede for improvement. It is finally recommended
‘that determinations be made only on narrow cut fractions, where physival data can
aleco be used. The merits of severel lodine number methods are also discussed.

Pages 80-82
(U) Aromatics Determination According to the "Bauvorschriften Fur Flugmotoren
... (BVM) 1940 - Dr. Mayer - Bugstroem, VL o .

This very briefly discusses the accuracy .of aromstlcs determina‘ﬁ'ohﬁvi)'& the
0ld DVL method using HpSO) and the new BVM method, using Kattwinkel reagent. Tables
of comparative results are gliven. :

Pages 82-83

(V)" Avonatics and Olefin-Determination in Gasoline _According to the
M Banvorschriften 1040" - Dr, W. Hirschberger, o :

A number of inatances of very misleading olefin determinations by the
Kettwinkel method are given. 1t 1s concluded that the method as specified is
.decidedly. unsatisfactory and that some doubt remains as to 1ts accuyacy or repro-
ducibility even if very detailed instructions are given for carrylng out the test.

Pages 84+-87

{w) Aromatlcs'ContAent? of CGasolines by the Anilin Point Method -
- " Dr. W, Hirschberger, 1.G, ’

. Tpe anilin point method is an old one (Jowrn. Soc. Chem. Ind. 40, 20

(1921) Tizzard “and Marghall) butis not widely'used.--It-1s-in.use et IG, mainly....
for, hydrogenation product gasolines of 140-165° C. boiling renge with 30-50 per cent
below 100°.C. It is specially suitable for plant GontroL. - - e

s “The development of the aniline point method into a practical tool for
aromwt&ee—&e%eminwcribed in detail and several calibration graphs and
'.‘51’&3‘99;*88_\&93‘-1“” ke
(X) FXPS - Rapid Determination of
T FKFS Stuttgert, Untertuerkheim - ..

ation Pusls = Dr: 0 Widmaier,

“dotall.and.another.
" Trigtitut: Kemm®-by

s~ determined-quickly-and :

st 41T feTent mothods -Of..
1. mentioned;in.passing, The last is & I
Dipl.-Ing. Gross, in which the lcad ¢ ontent of fuels'd
“sccurately by X-ray ebsorption. il SO




 briefly. The Erlenmeyer flask is removed, and the trichloroacetic acid: layer;~ which-

o

‘which might remain. _ 10
‘acetate are added-and the golution brought to-a boil. -Lead is precipltated from the.

the volume per cent of lead tetraethyl.. . °

‘Rapid Métﬁod No. 1:

. Time Reguired for Determination: 15 minutes, Six fuels can be a.ﬁa.lyzecl :
within 3 hour. ‘ o

Equipment: 1 microburette ‘ 1 graduated cylinder
1 pipette , 1 iodine number flask
3 flesks

" “Method: 25 cc. of sample are shaken 5 to 10 minutes (5 for low lead con-
tent, 10 for high) with 5 cc. of 0.1 N alcoholic iodine solution in & 100 cc. iodine
number flask. The excess lodine is back titrated with 0.1 N godium-thiosulfate——---—
golution, The iodine solution is grepared_by sheking 1 liter of 98 per cent ethyl
alcohol end 12.7 grams iodine for 3 hour and decanting from the undissolved potassium
iodide. o B '

s Petlead b e’traethyi ~gontent-in:volume-per-cent:1g .calculated by mltiplying

the'volume of 0.1 N alcoholic iodine solution consumed by 0.0391.

The ethyl alcohol solution of iodine was decided upon after experiments
with aqueous and various orgenic solutions. It attacks the base fuel only when -
high concentrations of olefins are present, this being of no practical importance
in the cage of aviation fuels. The maximum error ig 3 to 4 per cent, which is

are given on the film. ) ! : ~

~~1nsignifica_n_t»-forfa»»plant.wte‘s.t.method...ﬁ,___,T,ables_“pres_enting the accuracy of analyasis

The iodine method presents difficulties in cases o'f- high olefin or peroxide
content.. The following method was therefore developed for such cases: :

 Method No. 2 )

“In & 30 cc. Erlenmeyer flask provided with reflux -condenser;~10-ce-0Of--
fuel and 5 cc. of 20 per .cent trichloroacetic acid are heated 5 minutes. The
Erlenmeyer flagk has a ground glass top, by means of which it is then placed on & -
geparatory funnel which is briefly vented by means—of topecock then- sheken

contains the lead, is run off into’a 100 cc. wide neck Erlenmeyer or beeker. ~The

s6Tition 18 evaporated to-dryness:- The-flask- 1s.kept. in motion to. prevent spattor-

ing. ‘The trichloroacetic acid fumes are removed by mild blowing. ~Several drops of

‘anmonium hydroxide are added to .the residuum to neutralize any trichloroecetic acid

“A maximim of 3 cc. of 5 per cent-acetic acid end some sodium

lead chromste by the addition of potasslim dichromate.
boiled “Once more;” ‘¢cooled ‘quickly;-end-f , ‘
a 250 cc. suctlion flagk. - There 0.2 g. KI and 5 cc.
‘and-the-solution-ls ‘back titrated with.0.05. _godium t
" The volume o

‘The -solution 18-
-rfrittei-gless—filier—into~
enelytically pure HCL are added
gulfate. .~ . - o

¢ potasslun dichromate consumed; mltIpLTed by 0.032k, “equals™

T iia e presented iniiating the ascuracy of the uethod:~ The time
\req@zﬁir,ea-;is;._%;.fhonr:.;.M_,kAc.cuz:ac .for! a1l gasolines ‘tested at that time is 1-2 per.cent.




Pagss 97-117

(8) FB912. 2-16-1938 - . |
Determining the Thermgl Stability of Various Aviation Lubricating 01ils

' Scope: A study of the thermally caused changes (observed in a nitrogen
atmosphere) of several netural and synthetic lubricating oils.

. The first 12 peges of the report present a review of the literature about:
the importance of thermal stability, the possible processes ceusing breakdown
(cracking; effect of paraffins, olefins and tertiary carbon atoms; oxidation as &
secondary reaction), end previous work in the field. Thirty-four literature refer-
ences. are discussed. . - -

Original Work

T The héét‘étabiliﬁj“bf‘éﬁfbil*cbﬁeiéts5of?twc?1mportantaccmpcnenta,—namelyﬁ
(a) resistance to thermal -decomposition and (b) resistance against thickening
4considering~alsomthe«volatilityl»__Thé test temperature is of greatest importance.
At lower temperatures, moré cracked fragments of medium size are formed. AU hignher
temperatures, liquid products and gas are formed in the gbgence of air, high molecu.
lar products and coke in the presence of air. Time is algo an important variahle.
Only one time end temperature were used in all experiments. Eleven aviation oils
from various-sources-were-tested. - - :

Apparatus: The test apparatus is shown in Figure 1 on the film. It con-
g}s@g‘easentially of & 500 cc. round bottom flask whose 330 mm. long neck acts as
Yeflux condenser. The top is connected to & receiver. Nitrogen is introduced into

the flagk through a side-neck. ‘

. AT R S S
... Tegt Procedure: 150 g. of oil 1g heated in % hour to 300° C. while a
nitrogen stream is passed througﬁqﬁﬁgwfiééki‘“Tﬁé”"féaction”temperature“~of~~mwmmwu
400° C. + 5° is attained within another half hour. Total reaction time is 6. hours,
_inclusive of heating time.  After 6 hours, the flask is cooled, the o0il weighed,
“and losses 80 determined. Any gas formed during the run is received and measured.
Tests made on the fpesh ‘oll and reaction products ere the usual ones guch ag grav-~
_ity, viscosity, refraction, acid and saponification number, and Conradson and
Remsbottom, coke, moleculdr“weIghtyﬁand“brominewnumberraccordingwtOJMcilhﬁpgzL«M?g}g
method is given in detail in the report. " ‘ e

: Results: The ohéﬁgés”in”all*ﬁhe'above properties are.tabvlated and algo”
presented in. & number of graphs. The property chenging most significently is the
Pagler—viecosi ° C. (the only one determined). No. 6, a naphthene bage cil.
was the most favorsble case; glving 8 k5 per Gent 4rop, ITOm 2l Lomiriemaae

eyntheticloils-Nb;;7,18; 9;‘and-10fshowed‘viscosity'loasea;up‘to 80 per cent, but
'é&ﬁtheti%f”il“NOT%ll;~w1thf60mpergcent:Ioss,&wasﬁin4the;lqagugwqi,ﬁhe;paraffinip
éiléiw”Thé"ldss*infmoleéular“weight«correlatedWfairly:wall;ﬁi&h:Yi?Q?ﬁi@y;Eéée3 T
eapecially forfsynthetic‘oils.M&No[correlation,of bromine number and viscosity loss™
could-be-determined. SN RO '




The report concludes théﬁ*thé“vleédeitnyhange;;brominefnumbér;”andmmolec-—
ular weight are the properties, among those examined, which permitfthe}béstmcon: _____
clusions bout thermel behavior of lubricants. Of the oils tested, the synthetic
oils are thermally inferior to the mineral oilsin spite of the synthetics' good
gging stebility. It was shown, however, that engine performance does not correlate
with these thermal tests, so that the synthetic oils actually shoved & better engine
rating. It may be concluded that the thermal decomposition products of the eyn- 1
thetic oils oxidize to form compounds more favorable to engine performance than the
corresponding products from mineral oils. The greatest thermal stabllity was shown
by a naphthene base lube oil, peraffin base being medium and synthetic leegt stable.
Unfortunately the report nowhere states vhet particuler oils were teated, other _
then tabulating their inspections. = : '

Pages 118-132+=:

(1) PB-38h 4-20-1936 R
Aviation Engine Testing of “a New Diesel Fuel~

'-——*f-~A—detailed;diecuseionﬂog;the_typgg_QE_EEEQZEE_EEEEEQ;PZ,gWB (Zentrale fur
Wigsenschaftliches Berichtswesen Uber Luftfahrt (a subdivision of DVL)) and of their
pecrecy regulations precedes this report. Twelve institutes issuing reports through
the ZWB are enumerated. 2 S A :

*”f‘“”“””The“reportwitselfﬂpresentsatheftestndatamon;awDiesélwfgglmgﬁmyhighhyhgk
inspections are given but which is not identified other than as & diesel fuel
developed by Ruhrchemie and received under number 379/35. ‘The fuel had a cetene

number of 140-150 and generally excellent performance charaQteristics.
Pages L35-150. . e R

(35)..FB-1697.. ... 12-16-10k2 - -
© Peroxide Analysis and Influence of Peroxides on Engine Performence-

A fairly brief iiterature‘eurvey is givén of theveffect of péroxidés on

_engine perfqrmgnce, Experimentaladata_on octane number lowering caused by five
different peroxides (dioxyethyl peroxide;'acetone'peroxide,ibenzoyl.peroxide,‘r ‘
dibenzaldi peroxide and tetralin peroxide) are given very briefly. 'It_was.oongluded

“that -particularly the aliphatic peroxides:lower- the-octane.number. ... . |

’ 'f“““m”“The'main‘paftﬁof the répbfﬁfiéﬂéoncernedﬂwithianalyais‘Qf‘peroxides: “Two.
methods were ‘decided upon férfugef_]ff DR Dt R e e

(o) e ataunone chloride method.

" nis method 16 reported by Y. R. Narves, Pa:fumés-ﬁéFﬁéhbé 10, 225 (1932
vhhd'an”impfbved*mbdificatiqn}bynqukuandechrader,xBrennﬁ§9§iQB?Pie,l§{r§1(1957)3
'Tﬁé*méthb&fisﬁgivenfon*the“filmginfdétai1;:anampeporxad;aswmggggy;useful in the”

analyeis_pfupure‘peroxidesL;:Fbr fuels, this method gives values considerebly -
“lower—than-the-thiocysnate.methole ... R




(b) The thiocyanate method.

This method is based on the equation 3Fe(SCN) o + 02> oFe(SCN)3 + FeO.
The ferrithiocyanate 30 formed is titrated with titenium trichloride. Thie method
is reported by Joule and Wilson, Ind. Fng. Chem. 35, 1254 (1931). Tt was tested
extensively and the following modification found most useful: :

10 cc. of the fuel to be analyzed is placed in a flask with 50 cc. of a
1: 1 alcohol.-water solution containing 5 g. ferrous sulfate, 5 g. ammonium thio-
cyenate, and 5 cc. conc. HpSO, per liter. The mixture is boiled one minute with
reflux. The solution is titrated with 0.0100 N titenium trichloride. The cc. of
titanium trichloride solution indicates the peroxide number of mg. equivalents of
active oxygen per liter of fuel.

It is further suggested that correction curves as proposed by previous
authors be abolished, end that, instead, each fuel be diluted to give a peroxide

‘number of 1 to 1.5, since the method “is most acsurate=in- that:range: i

__,________It_ie_noted_that_the_uae_of_glgghgl_xaEher than the acetone used by
previous investigators helps to make the method much more accurate and reliable.

(Considerably more detail plus numerous graphs and tebles on the film.)

vPages -1512-172 e

_(33) UM-695 ~ 10-20- 19&2
Measurement of Piston Temperature in the Running Engine W. Glaser

‘German practice, —The U. S. references are."
TPUF. Keyeer and . F Mi1TeF, 3, Iagt. Pet. Techi 255 771-78, (1939)-
Power Plant Engineering, bk, 90-92, (May, "1940)
= Automotive Induetries, 6/15/h0, p 572-7h

T L e

(16) - UM-525/5 6-12-1939
Influence of Engine Construction and Operating Conditions on. the Khock
Tendency of Fuels - 5th Partial Report: Experimenpe on the BMW VI -

§in5;e Cxlinder Motorz Seriee 9! with Carburetor

Thie ‘is & report on one of a eeriee of etudies of two fuels (87 and 100

‘octene-number) in-different. .engines ..to.determine the; effect, of engine construction

and-operating conditions -on-fuel. performance... The. engine used ibed in . ..
detail and a number. of. fuel performanoe graphe are preeented correlating fuel
nerformance with engine variablee.




“Pages 195-200

(15) WM5Th  4-18-1939 | g
.. Iube Testing in the BMW 132F Singl‘e' Cylinder Engine H. Schoekel

This paper presents scme work done to adapt the BMW 132 single cylinder
engine to a new cylinder of higher compression ratlo end better heat conductivity.
Evidently the lube testing procedure consists of determining the time required for
ring sticking to occur. More severe conditions were required with the new cylinder..
Curvea and tables are included. o -

Pages 201-208

(14) UM-573 - 4-18-1939 .
~ Development of & Iube-Fuel -Mixture Performance Test in the NSU Engine,
B Schoekel :

In 1939, two DVL lube testing methods were in existence. Tests in the
BMW 132 Single Cylinder englne are time-consuming end expensive but accurate.
Those in the Siemens-lube .testing engine are not very reproducible and furthermore
do not permit- determining differences of long-time behavior of fuels. - Therefore
& testing method was developed using & small motorcycle engine. The development
of this test 1s reported. Graphs and tables are included. . :

Pages 209-213 -

(13)  wM-552

T‘cﬁémé”ééii ‘iro

J

Investigation of Ring -Sticking in the Si;amen's Iube Testing Engine Using
~ " Light Metal Pistons, H. Schoekel ] S

Tests were carried out to determine whether it 1s necessary to replace

n platons of the Siemens test engline -with-aluminum-ones;-since- aviation-
engines use aluminum plstons. . It 1s concluded that the Sliemens: engine with alumi-
num pistons operating under modified conditione gives the same run lengthe as 1t -
does with cast iron pistons. Since results on oils run in the BMW single cylinder

engine at entirely different operating conditions check ‘those from the Siemens

engine, temperature measurements.wgre mede on the three pistons. In spite of the

‘sald to prove that ring sticking depends only on the temperature neer the ring

and not on--the. piston material. ... ..

Pages 214230 v

~ 23 ) E FB-’-BSE e 1&'&18"-19)+i

e TIO, WAQATEE

Testing of Laboratory Methods for DeterminingLeadContent ‘of Fuels,

.. ... This paper ‘presents__an,r‘:ic;,“;i.t':iégi evalua.tion of e ghjcf"“_c‘ii"i“f‘!'{a”réﬁﬁ7iiie'1;h0dé'Tb"‘f'i"i‘
determining lth,e“p_gitr,aethyl lead content of fuels. The tests were ‘carried out on

“ten-aifferent fuels, .. [he_insiructions Forcarrying-out-each-determination-are-




presented, as well as a discussion of the results obtained with each method. The
following methods wexe used: S e

1. Chromate Process of Edger and Calingaert*

, The lead is precipitated from the fuel as lead bromide by means of -a
carbon tetrachloride solution of bromine. The lead is dlssolved by means of nitric,
acid, reprecipitated as chromate, and determined gravimetrically. (Detailed
instructions on the f£ilm) : :

2. Hydrochloric Acid Method According to Calingaert and Gambrill*¥

This method 1s 1dentical with the AS™ method in vhich‘the gasoline is"
refluxed one half hour with hydrochloric acid and the lead determined gravi-
metrically as lead chromate. : : : ‘

o —,1'?7{,'13 o= = ,Sulfat’e’ MB‘ChOG. According 1o U]_rich*** L B P b e R

100 cc. of fuel at 20° C. are placed in a 250 cc. separatory funnel and
shaken vigorously one half hour with 10 cc. of a 10 per cent solution of bromine
in carbon tetrachloride. 5 cc. of 65 per cent nitric acid are added and the
mixture sheken until the lead bromide precipitate is completely dissolved. The
mixture is permitted to settle and the nitric acid layer run off into a previously
wheatedw50wcca«pOroelain“crucible.wﬂTheHgasolineMinwthemsepgratory”fypnel is waghed
twice more with 5 cc. of 10 per cent nitric acid and the washings added to the
crucible. The crucible contents are evaporated nearly to dryness over a gteam
bath end then carefully heated with & burner until no more EC1 vapors come off.,
. The crucible is ignited until the orgenic residue 1s completely burned. - Since pert
~ of the lead sulfate mgy~be reduced to metal in this operation, the galt is wetted
id;'évépdfétéa’té“drynéss;'ﬁnd‘then‘tWO‘dfops“of concentrated -

with dilute nitric ac
. sulfuric acid is added and the crucible heated over an open flame until no more--—..

sulfuric acid fumes are absorbed. The crucible 18 then ignited mot too-strongly;-

placed in & desiccator until cool and weighed. SRR .

‘ To convert the result to volume‘per‘cent tetraethyl lead in the fuel, the
weight-of lead sulfate is multipliedvbyggiékgj:; o

;7 FKFS Chiromate Process Method -

*g-g: Thig"meﬁhodlwgs;ﬁnpublished atfthe date of thie paper... .-

100 cc.. of gasoline is shaken with en excess of 50 per cent solution of

won tetrachloride and then treated with two 20 cc.’ portions and one-
50“cé[*pbft10n“0f‘hot“lo'pervcent;nitricuaci In & separavory I T -Oneeeyors
concentrated nitric acid 1s added to the acid solution which 1s. then bolled 15
'mihuteST“neutralizaq;with 6oncentrated;ammonia,ﬁtreatedwwiph,lﬂcc ‘of dcetic acid

‘and- thien with b0-coi of -5 per- cent -potassium dichromate. yhile neer oiling, ~After

¥ iigor and Oalingaert,. Ind.-Eng. Chen —haal B L 3erm(1929)
“%r W ULrich-Ocl-Und Kohile 1h 151 (1936). -

22



a short boil; the mixture is filtered through & porcelain filter crucible and
_washed with hot water. The precipitate is dried one half hour at 110° C., cooled
in the desiccator, and weighed. _ R

5. Chromate Titration Method

’

“This method refers to the chromate method of Edger and Calingaert. The
leed chromate is precipitated from the lead golution in a slightly different
manner, namely, by using 25 cc. of 0.1N potassium dichromate and a small amount of
godium acetate instead of the 5 per cent potassium dichromate solution. The lead
‘chroma.te precipitant is removed by a fritted glass filter and 1.5g. of Kl end 5
cc. concentrated hydrochloric acid are added to the filtrate which is beck titrated
with 0.1N soidum thiosulfate. o ' :

The volﬁme of potassgium dichromé.te solution in cc. multiplied by 0.00648,
gives the volume per cent of lead tetracthyl in the original 100 co. sample.

6. DVL - Dithizon - Titration Method

This method is presented in, detail in FB-1292 "an Exect Rapid Method for

Lead Anelysis of Fuels" on pages 455465 TOM Reel No. 52 and is therefore not
repeated here. . , L , :

7. FKFS Chromete Titration Process

Thie mothod refers to the FKFS chromate method (Item 4). The lead is
precipitated with 25 cc. 0.1N potessium dichromate rather than with the 5 per cent
potassium dichromate solution., 1.5 g. Kl and 5 cc. concentrated nitric.acid are

" added to the filtrate which: 18- then.back-titrated with 0.1N godium thiosulfate. -
The calculation is made as in Item 5. R : SR

i g g it = 8 e 1 S

8. FKFS lodine Method

“Thi{s method is report}e,d"' in ZWB research. r'eporté 'FB'-1191# and FB;12"52 wvhich
are not on this reel; it is also given;with improvements, in FB-1859 on pages 437-
45 (see trenslation) end is therefore not repeated here. DT e e

" Dgerimmtel Vork

s - “Ten different fuels vere testéd at 3 d_if;ferenf.ﬁ: TEL"cqhééﬁtraﬁiohd- (0.0326,
0.0653, and 0.1206 volume per cent TEL) by the ebove eight methods. =

H

SeTTTTITTOne TS 24nies-one-olefinic thenic, and one aromatic,
end the others were “intermediate. - The\f’ﬁels”"é.i‘é’ di‘éc‘ueéed"in"det;ailv-in»-t 6 Teport .

_and their inspections given in a teble

ExperimentalResultB e -

Th'ewtabiea;_inclnd.edmim‘this,-regbrt,,\ghiph _ghow the deteiled results indi-
' jéignj;f‘methbds*’are-:-satisfactory.ﬁ._ff,:B‘é“éTﬁ"f‘féf‘éﬁft‘é‘féli‘“e“‘cbneiét’éntly_"»w; i
aff Anterfere with.lead determinat
_Olefins,: however, i 5 Therefore the two olefinic fuels

“were not include n the determinationoflimita “of-error

.cate, elght
‘obtained on paraffi;;i fuel

Luded 1




The results obtained with sach method are discussed. In the summary special atten-
tion is given to the DVL dithizone and the FKFS iodine method. There seems to be

a certain amount of difficulty possible in the dithizone method because of varying
crystel structure of the sulfuryl chloride precipitated dichloroethyl lead. The
FKFS iodine process (an improved version of which 1s reported in the later FB.1859 °
on Reel 52) is very satisfactory with a maximum deviation of -0.5 to +1.2 per cent ’
and & testing time of only 10 minutes. The other methods- are also satisfactory but
more time consuming.

Pages 231-253

(17) FB-1077 7-12-1938 . h L
Chemistry of Formation of Residua in Hydrocérbon 0i1s (Partial Report)

:  This report presents work done to determine the type and quantity of
oxygenated hydrocerbons in eged or oxidized olls, specifically in lubricating otls.

The methods used are the traditionel saponification end acid number, plus
a modification of the method of Verley-Boelsing (Ber. 3k, 355% (1901)) (acylation
in the presence of pyridine and back-titration of the unused acyleting agent),.
determination of active hydrogen according to Tschugaeff and Zerewitinoff, plus
several others. The enalytical workup is discussed at very great length.

e Trega - aoncluded - that; - regardless-of-the- character- of -the oil (mineral.
or synthetic), the following takes place upon "eging": |

(1) Free hydroxyl groupé in the order of magnitude indicated by the
regular "saponification number"; and : _

(2) "Newtral" oxygen compounds, very probably ketones, in the order of
magnitude-of -twice.the hydroxyl number . . . ' ' : '

are formgd; ‘so that the oxygen content of the oil by the method of this report.
amounts to three times that usually determined by means of the saponification
number, = ’ : ' ‘ .

_Pagea 254-271

(26) FB-lhhe  7-20-19%41 SOy o
" Thermoelectric Method for Comparative Friction Testing of -Iubricants
in Boundery lubrication, V. Vieweg, J. Kluge, ¥, Maske' -

el i B --rOPOF-doscribos-ia- —the ent of an inetrument and
~method for comparativé'fr1¢t1¢hft§§£é”Bf“lubriéants“1n”boundary"1ubr1Cation;‘vThe
_development was carried out by the PhysIkaIIEEET-Té“éhm‘e“ch’e‘**Rei’chsangtal-t»- (P’IR)

o ““”Tﬁé“ﬁiih&iﬁlé“bfMtnéfﬁethodjisfthéffacﬁ%that~twdametalel1n¢bouﬁda;y;1ubri;f
cation form a thermocouple and ‘the messurement of- the thermoelectric. potential gives
:gmggguré‘—‘»ofﬂheddegmeuof«.heating,;,;whichgis_ﬁinhggme proportionality to the effec-

tivene the lubric it“in“suppressing friction Cont‘ac-t»<\be“twe‘ammeta‘.lls,iin...,.,m,;‘;
houndary ation -is sufficient to provide good Sondiictances




S Thg equipment congists essentially of a flat resolving disk upon which a
small rod or pin 1is pressed witha controllable force. The disk and pin are made
of the pair of substances whose friction is to be determined with various lubri.
cants. Two operating methods are~proposed=\EbWhen two metals are being tested, the

“direct thermoslectric method is used in which the two netals in contact form the
thermocouple with which-the boundary temperature is read. When one substence is
a nonmetal, the indirect thermoelectric method is ueed, in which the pin is made of
the metal and its temperature meagured by Thermocouples at two spots along ite
length. The temperature distribution -along the pin cen be used to-caleunlate the
boundary temperature. R :

. o
o Attention 1s given to the method of polishing the disc, an importent
factor for reproducible results. Synthetic corundum in petroleum was used. The

final surface roughness was below Y A .

. _The apparatus 18 ghown on the film in & dimensionless drawing, and its
cons truction di’s’cuésed‘in‘—thetéit;iif,’,— R T T e S R A R e R e T e T '_{’—1':,:’-5 I e R T S R e B i
A number “of experimental 'rgasults aré discussed and some graphs "of boundery
temperature records shown. o ' o

‘ It is concluded that the instrument s very satisfactory for measuring -
relative lubricating gbility in boundary lubrication. A quentitative measurement
“of ”fi‘i‘cti‘orf"coeff1c,1‘ent-cannot--be~~madewbut»1e,,being.w,ork_eﬂ on (see UM-T26, Pp. .
L6455 on TOM Reel 52). Adventages of the instrument are .said to be that it is
simple, ‘free of inertia (4f different lubricents are used on separate sectors of
one plate simultaneously, different temperature levels are reeched in a matter of

seconds), and that the boundary tgmpera.ture~ increases only & few degrees at most,
__go that.experiments can e carried out at ~various controlled temperatures.

(27) FB-1500  11-19-1981 - ~ - | _
" Proof and Analysis of Decomposition Products of Tetraethyl Leed in Fuels -
‘ I, Morghen o ‘ S
.. Tnis report presents & method of provinlg the presence of various TEL} ’
decomposi tion products in naturally-or: synthetically-eged gasolines end 2 procedure
for the‘quantita.tive,determination of triethyl lead compounds in the presence of
"alethyl lead and divelent: lead compounds.: A method for the ‘direct determination of
the tit’;:r' of aithizon solution is given as & supplement to FB-1292 (Pp. 456-465,
Reel 52). - o R

. ——

T e shiown that, both in natural-and SyntheuiC.BETEs - Ho ed-sediment.
"(Bleischlemm). consiste only.to s very minor extent of lead (2) compounds, end that
“ihe fusl contains partislly oxidized TEL in _solution:  In the lead sediment, dlethyl
“Yead compounds predominate (in: the report ,‘«.w'.!tﬂethyl'i.,ana,_f‘g;qtm{‘," Yead compounds "
" pefer to tri- or ‘divalent lead with one or two "free. valengaa," reapectively')'fi"ff‘-’“’j‘:?”"“"""
f*whﬂe%ri-ethyl;legm.qnmpomda;predom;“gm@g in golution. These materials are: largely
_present @ Lé‘.’éllﬁs’“bf"j"QQg‘je.nd;“'of%the‘;gva.joidsu.‘.upreseni;,fﬁfﬁ to-fugly— Their-golubility-in_
“the gasolino decreeses Tapldly 1n”the order: ~-triothyly- diethyl, and divel
~compounds’, " e SRR :




’ _All tetraethyl lead compounds are lonizable in water.. Diphenylthic--
carbozoné (dithizone) was used for their analysis. The method is similar to that .
reported for TEL in FB.1292. The three types ‘of TEL decomposition products are

_dotermined titrimetrically on the basis of their forming different colored compounds
with dithizone. ~The experimental-work-and method are described in great detail.

' Pages 286-297

(9) UM-518 3-21-1938 _ -
Constitution and Properties of Iubricating Oils and Their Changea by
Oxidation - 0. Selter : S

This report is mainly devoted to the application of the specific refrac-
tion method of Vlugter, Watermen, and Van Westen - J. 'Inst. Pet. Tech., 21, 661,
707-(1935) and the molecular refraction, to the determination of the hydrocarbon
type composition of Jube oils. An attempt to check the method by means of reported
“dats on a large number of ‘synthetic-hydrocarbons -prepared- by Mikeska - Ind. Fng.. . .
Chem., 28, 970 (1936) was unsuccessful. It 1s speculated thet possidbly a wave .
length other than the D-line was used to determine the refractive indices reported

by Mikeska.

" The experimental part consisted of determining the composition of four
oils - two paraffin base, one naphthene base, ‘and one “"fixed" ~ and again determin-
~4ng-the- composition-after-the-olls.were. geverely oxidized and the oxidation products
removed. . The only definite conclusion 1s.that the aromatics content of all oils
s decreased by oxidation. It was also found that removal of oxidation products
mede the oll much more unstable to further oxidation. ,

... The compositions determined for the "-paraffinic" and "nabhthenic" olls
are of interest because of the comparatively amall difference in paraffin ¢ontent. -

Oils - ‘(Paraffinic Nephthenic,
Peraffing .0 27 9
Naphthenes 15.0 25.5

Aromatice 12.0 7.0
Pages BB
68 =s8==

(36) FBAABLS  619-1GW3 e
" FKFS Process for Determining Brdmne"Content of Avietion Fuels

— ‘ " othylene bromide is conteined in the TEL fluid-added to -
gasolines. ‘Tt serves to prevent lead sedimente In Tho enging by Toum ~formptiony:
during combustion, of the more yolatile lead bromide rather than lead oxide. Since
‘athylene bromide freezes-at +8°.C., 1t.has. some tendenoy ‘to_gettle out of fuel et-

~fow tetperatures and- thus ceuse lead-oxide trouble in. the engine. Therefors, a

quick, ‘accurate method .rof‘analy\‘z_iijg fuels for bromine contént was desired.

Th_'e;: ;-‘el‘)”ort-v'rveﬂev‘vsg»‘d.}miniber@oi“ ~,,ésn_"ta151,y,1~enéuv ﬁi’é‘thodé*?of‘*htpi@pwehélyeisgg.
‘be applicable f‘tb‘j“th‘,‘lp*‘problem:«r;—fSeve‘rale.».methodaA.:.vevr‘e_..jried) the

“gigthod~of - treating thegasoline- in.a.bon at_200° C, ¥ith potassium elcohol
£inally iopted as most satisfactory




Method: The bomb used is shown in & working drawing on the film. It is
a cylindrical metal container 1%.5 cm. long, 4.8 cm. 0.D., 4 mm. wall thickness,
with a tightly fitting screwed top and-a-removable -inside lining of gless. The test
procedure is as follows: 50 cc. of fuel are placed in the bomdb liner, 1 cc. of
concentrated potassium ethylete* is added, and the bomb is closed and heated for
30 minutes at 200° C. The solution is cooled and washed into a 300 cc. Erlenmeyer
flagk, using about 100 cc. of water, and acidified with nitric acid. : ‘

The potaspium bromide in the eolution is precipitated with excess 0.10 N
gilver nitrate, and the excess of silveyr nitrate back titrated with 0.1 N ammonium
thiocyanate, using ferric ammonium sulfate as indicator. Multiplying the volume of
0.10 N silver nitrate solution used by 0.01878 gives the welght per cent othylene
bromide in the fuel; a factor of 0.01598 gives the weight per cent bromine.

» ~ "Resin"-containing and olefinic fuels are pretfeated by sheking 80 cc. of
fuel with 50 cc. 70 per cent BpSO4 for one minute in a separatory funnel, removing -
the Basoq » and Vj.«’ais‘p;gg?jhproughly with water.

Pages 312-325 & |

,,,,(2):-FB-680' 8.27-1936 B , B
Testing & New Diesel Fuel (RLH 5009)-.

This report presents some engine. test data of a Fischer Tropsch product
- d1esel-fuel-{Ruhrchemie RCH.5009)-of -especially. high heat: velue and low viscosity
and gravity. T R : o S :

. _ Derop-Gasoil .

011 ‘ ‘ -(Reference Fuel) RCH 5009

Gravity = 0.859 Eg/1 0.759 kg/1

Vig./[20° C., °E iah 1160
Upper Heat Value 10,928 Kealfkg 11,445 Kealfkg
'"Mé}"‘ﬂéﬁffﬁéiﬁé”' f”‘10",’235"‘KC’al’/kg‘”“"“10;68’&'"’Kc§1/kg*'f"‘.
Cotenée Number - o SR ' K ‘

-, (By DVL Ignition Deley Method) 64 . 100

o Pngine tests are reported in some detail.. It"is concluded that the ~
RCH 5009 1s an excellent fuel for high RPM diesel engines,. if‘the special properties
“of “the fuel are taken-into-consideration. --Ite-excellent-ignition .properties might .
permit decreasing the compression ratio end ‘pogeibly permit lower welght engines.
However, an, engine egpecially designed for. this fuel would not permit: the use of.
reguler diesel fuel without ceusing complications. - i

Pages 306364 oo
T

~ Influence of Impurities on Stora'ge"Stability‘Of Fuels - K. Frank.

7 Do main purpose of the skperiments was to test the effects on gasolines |
in storage, of ‘impurities 1ikely to-occur in gasolines. -FEach -gasoline was ‘tested
~by-meang-of ~the-BVM-bomb-test~(four :
~in addition. to.the 26-mont rage.

houre»;atgsev'en_é.tm.“,oxygen»pneasure” at 100° €.)

555 otasstun por 100 6o, 98 por bent othyl aleotil.

S _2’ ": .



~ _Three base fuels were used; one vas paraffinic, one naphthenic, and one &
hydrogenated gagoline, Several fuel components were mixed with the gasolines; they
_were benzene, ethanol, methanol, and tech. iso-octene. The "additives" whose effect
wag to be tested were:  sulfur, sulfur compounds, olefins, acids, alcohols, ketones,
and aldehydes. - . ' _ . |

The gasolines were stored oleer, in edmixture with the other fuel com- @
ponents, and all combinations of gasolines and fuel -components were stored with all
of the "edditives," both leaded and unleaded. The storage vessels were 30-l. cylin-
drical tin cens with "breathers” protected by silice gel driers. Twenty liters of
gemple were stored. Each sample wes tested, et the start, for evaporation residuum,

“acid number, &nd most of them for CFR octane number, and again so tested efter 26
months of storage. Fach semple was also tested by the DVL bomdb test at the
beginning. .. - ; g '

- The results of the tests are reported in 50 tables on the film. Some of

“{h5 additives cansed deterioration-of the gasolines even-before-the-storage: period.
The following conditions were considered criteria of satisfactory storage.

_ Mixture Before Storege: Evaporation Residuum 10 ng. /100 cc.

Acid Number 0.10
Mixture After Storage:r- . Increase in Bvaporation Resid. 5 mg. /100 ce.
e e M Acid Number. e 0020
 Induction Time ' 240 Min.,
Pressure Loas 0.0 Atm.

Octane Number Logs 2
The essential results were as follows:

. The plain gasolines were practically unchanged, except for some loss of .
1ight components.—All- pl_vazi'n~g&é_c)l,_iriéé'i‘é.“fxd_the1r_mixtﬁfea*uii'»hjjf>'§her “pure-fuele;
clear as well as leaded, were satisfactory before storage. On storasge, the evapora-
tion residuum of some-blends; particularly of the leaded samples, increased moder- -
ately (up to 0.10 mg.) but no specific component could be named as specially sus-

‘ceptible. Octene number losses occurred in some ‘three-component blends with methyl

alcohol and aviation benzene, and in unleaded blendsvvi%ﬁ di-1sopropyl ether. No

“peroxides were found~in~the latteriIn-general;:storage- cheracteristics. of-BIL. ..
blends are good, - s B . " T

' The blends with 0.01 per cent sulfur, clear and leaded," jwérve ‘8006; before :
storage.  Of course, the evaporation residuum was too high even before storege.. "

@We wag, in general, unsatisfactory.

.7 The blends with sulfur  compounds were satisfactory before storage. -Storage
‘gtability-was-good-for-the-blends ‘containing dibutyl sulfide and thiophene, worse . . -
for -those with butyl merceptan.:- The-leaded paraffinic. gasoline.was.partioularly.
.good, even with butyl mercaptam. ... il oo o e




A1l leaded and unleaded blends with unsaturates (octylene, disllyl) were
satisfactory before storage. ' After storege, some blends with one per cent octylene
showed too much increase in evaporation residuum or octene number. Blends with 0.1

_per cent. octylene or 0.1 per cent diallyl were satisfactory after storage.

.
Addition of organic acids caused increase of eveporation residuwum and acid
number far above the permissible in most cages, even before storage. Leaded blends
showed poor gtorage stability, particularly those with paraffinic gasoline. Unleaded
blends with low-acid-addition (0.1 per cent) were satisfactory on storage, but
higher acid concentrations (0.5 to 1 per cent) ceused them to go bed.  Blends with .
acids, particularly benzoic acid, caused sediments in the carturetor after they had
been stored. e . i :

. The storage stability of blends with higher alcohols (butyl-, ieéamyl-
and hexyl alcohol), clear and leaded, was satisfactory.

S 08 the blende with Ketones” (methyl ethyl- ketone;-diethyl-ketone,-dipropyl-
ketone) the blends with five per cent diethyl ketone hed high acld numbers before -
storage. Aside from that, properties before storage were satisfactory. Only in the
cage of the hydrogenated gesoline were the permissible changes upon storage exceeded
glightly (3 out of 36 samples). 3 b

" The blends with small quantities of aldehydes»(butyraldehyde; benzaldehyde,
““oenanthol)”were"goodwbefbre~stordge}~and,mexoeptéfofwleadedmblendawin“hydrogenatedwmw
gasoline, setisfactory after storege. The blends‘with‘higher”aldehyde‘content‘(one
per cent or more) generally hed high acid numbers or evaporization residua (paref-
finic gasoline showed up best) and their storage stability was poor. Unleeded blends
in paraffinic gasoline were relatively good, but the other unleaded and all leaded
_blends were very bed. The oenanthol blends could not be engine tested beceuse of
high viscosity, and the five per cent benzaldehyde blends because of crystal ‘forma-
_.tion.at the fuel nozzle. .. ... . ... R '

‘The effect of the bomb test on the blends differed in many cases conslder-
ably from the effect of storage. These differences: are also discussed in the report,
~and a-large number of tables ghow all date in deteallt

_Pages 365-376. |

(34) FB-1722 1284948 . o

7 UEffect of Iubricating 01ls on the Performance Curves of Aromatic Fuels -
“K, Franke N EENRE

,v , " ents by DVL in en air-cooled BYW 132N cylinder, using the
gtandard DVL overload test methiod for aviation fuels, had shown thet the type ol
lubricating oil used affects the performance curve of aromatic fuels. : To check
‘tﬁésa*réﬁulté‘bn“ﬁ’mbre;up]toidate eng1nQ;wtheae~tests;weremrepeateamon;ahliquid.
“cooled DB 601" cylinder with high compression ratio-snd-lerge-valve.overlap.........

-
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Three ﬁypee of oils vere uged:

Source Deutsche Vacuum Wifo Stassfurt Wifo _

: ' Oel, AG, Bremen Leopoldshall Niedersuchswerfen
Name Rotring D .~ . Stanavo 100 Aero Shell 100
Sp. Gr. 0.8913 0.886 0.8889
Refraction 1.4923 -1.4918 1.4907
Vis./20° C., °E. 120 © 103 119.2
Vis./50° C., °E. 18 17.3 17.7
Vis./100° C., °E, 2.82 _ 2.75 . 2.8
Pole Height 1,88 co. 7 1.68 . 1.90
Flash, °C. 272 - 259 - 27
Acid Number 0.04 0 0.02 .

Sap. Mumber ~ 0.19 - 0.09 - 0.1

______Tive fuels vere used, vith aromatics content verying from sbout 20 per cent
to 85 per cent, the latter ina mixture of nonaromatic gasoline and aviaticn beazenes

. " 'The experiments were run under cerefully controlled conditions to agsure
__maximum acouracy. It is shown that the lubricating oil exeris a definite InTluencse
on the performance curve of gasolines; the effect increasing with increasing arc-
maticity. There is no change in effect on the performance curve due to varying
“emounts of lead in the fuels. , :

. The "Rotring" oil gave a higher performence curve (plot of intake nreseure
against "excess air") then the Aero Shell 100, end the Stanavo 100 gave & lower
performance curve, In the case of the gasoline-benzol blend, the difference was ag
mich as 90 mm. Bg intake pressure each way at the minimum point in" the curve.

‘Pagos 377-M15
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(s2) FBGT o-lsaAghe T
" Bffect of Valve Overlap on the Knock Limit of Various Fuels in the PB 601
“Engine - K. Franke T , , o

, The firat 15 pages of this report are devoted to an extensive general dis-
cussion of knock testing. The theories of the cause of knocking are reviewsd, the -
importance of accurate kmock testing for avietion fuels is~discussed;- and-the-rela--
tive merit of the DVL overload test over.a one-point test such as the.CFR is mei-
tloned. . Tt 1s still desirable to derive a method that permits drawing tho fuel per
formance.curve for any engine from the data obtained on another engine. ~As it is,
knock -testing on full gcale engines is still necessary; 1its. aifficulties, particu-
-larly-in-determining-the beginning. of knocking, are discussed. In this connection,.
the method being developed by A, W.”Schmidt, of catching the ‘total engine noise by
microphone, filtering out all frequencies not due to knocking, @nd obgerving the
“knock by means of an oscillograph; is-considered promising.- “The -variables in. operat~
Yng ‘condd tions and englire construction vwhich affect fuel -performence-are-given. - The.. .

“o,n’e with which this report is concerned is valve: overlap. -When the valve ‘overlap on.

_a-DB.60L-single-cylinder engine.ves_increased,. it.ves found that the fuel performance
“surves changed remarkably. —The-process king-place-i ::gylinder-at.various. stages

"of velve overlap are discussed in detail. Finally, the meaningof theoverlond testfvel
“perforiiance curve is aldo explained in-some-detaili=—— o




. The experimentsl vork was carried out in the DB 601 single cylinde .
The operat conditions chosen were 1900 RPM-(compared to the ,lgglo RPgl requirggg;:e
the DYL'teat s 'a.ir' inteke temperature range from +30 to +190° C., and spark setting’
of 35° "V,0.T." (advanced). ' The compression ratio was 6.5. The DB €01 engine -
proved very favorable for these experiments; the performance curves could be cerried
near the ignition limit of the fuel in the rich.mixture reglon without causing the
engine to miss, and smooth operaticn was also attained in the lean region with con-’
siderable excess air. The fact that the engine is liquid cooled permitted close
control of the engine temperature and a consequent very good reproducibility of
results (variation of + 10 mn. Hg intake pressure). . S

, Credit for very clean engine condition at the end of the runs is given to
the use of eynthetic lubricating oil P 16 (IG). ’ ‘

' The results of the experiments are discussed in much detail and documented
by & lerge number of performance curves. They are sumerized as follove:

Under certein operating conditions, for example, high valve. overlep cr low
air intake temperature, when using fuels not gensitive to temperature, a peculiar
knock-range was observed on the DB 601 engine. The fuel performance curves vury -
considerably from the usuel DVL curve in that they have a minimum in the rich-mizture
range from which the knock rating increeses steadily. This phenomenon is due to the
fuel mixing. The effect of inlet air temperature and valve overlep on the emovnt of

unevaporated fuel droplets and“éfir’i'eequent““iﬁcrea"s‘ed"’peroxide"’formation—'was'--‘provedf »»»»»» .
experimentally. With increasing intake air temperature or decreasing valve overlap,
 the mixture improved and the minimum in the rich zone disappeared, leaving e fuel
performance curve of the standard type. With temperature-sensitive fuels (benzol end
alcohol) the minimum was not observed. o . L R

The characteristic of the kmock limit curves, which is determined by mix-

“turé temperature; “and the effect-which-chenging velve.-overlep. exerts.on 1it, could be
determined approximately. The thermal load (neat output in the cylinder) which ‘
decreages with increasing valve overlep, can be compenseted for, as far as ite -effect
on the shape of the fuel performance curve is- concerned, by a corresponding increese
in the intake alr temperature. An intake air temperature increage of about 80° C..
will compensate for an increase in valve overlap from Lo° to 80°. A further incresse
-4n-velve. overlap from-80°=to-120%-corresponds-to-an intake air temperature increans
of about 30° C,  The change in the height of the kmocklimit curve is not gorgidered
4n the above effect. . . . .. . \ o

- The variation in lnock rating (literally "ynock proofness" - Klopffestigkeit):
‘of fuels varies with their chemical composition end the degree of valve overlap.

Tuels with Low content Of LOmpe . tive-comperente-shoved-an..nore ‘
‘¥nock-rating over the whole range. (up. to 120° valve overl p). Fuels with high benzol
or aloohol content do not react uniformly. In most cases there was a significent” '
increase.in' knock rating between velve settings of 40" and 80°." “Further increase of -
valve overlap to 120° ceunsed no change ‘in the performance: of “some fuels and a loss
of knock rating in some others, depending lergely on the' proportien-of temperature-:
v;s‘e,‘rlxgi‘civqu.componex‘ité,.,.u,f,,w e - o o '

3
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There 1s e limited possibility of adopting the DVL overload process to the
conditions in modern aviation engines. It geems possible that the order of rating
of fuels will be maintained when the valve overlap 18 changed slightly. Any con-
piderable change in the DVL test to adapt it to changed engine operating conditions
such as lerge valve overlap, higher compression, etc. mst await experimental work
to study these effects. . '

Pages 416-422
(50) Wa-757  2-21-19W4

Process for Producing Liquids Whose Physical Froperties Are largely
Tndependent of Temperature - E. “Hayms e

The principle of this method is the selection of liquid heterogeneous
system whose mutual solubilitles vary with temperature in such a manner that the
_property vhich. 1t is desired to hold constant in one phase over & temperature range

w1l remain constent ag & consequence of the change in composition~of “tho-phages ==

‘The emphagis in this article is placed on viscosity. It is shown that
liquids can be prepared whose viscosity will remaein unchanged over ‘large temperature .
renges. This could be of immense value if applicable-to' practical lubrication.

" hs an example, the system: 1 part glycerine and 3 parts dioxane 1s
described. This system exists in two phases up- to-60°-C.--(phase-A (aioxane_rich)
end B (glycerine rich)). Phase B has a considerably greater viscosity coeffieient-
then A. With incressing temperature, more of phase B enters phase A. Botwecen 20°
-and-35°-C:-there is-a very slight drop in-the viscosity coefficient of phase A,
between 35° and 45° C. a constent value, and from45° to 60° C.a slight increase.
Above 60°, 811 of phese B has merged with phase A, _ Between 20° and 90° C., the vis-
cosity coefficient of phase A does not vary by more than + 10 per cent from the
~gverage of - 1.5 centistokes. -

3

. For comparison, the variation of the viecosity"éoefﬁcient of 100 per cent
undecene (seme viscomity at 20° C..as phase A above) and 100 per cent hexadecene .
(seme viscosity at. 90° C. as phase A above) are plotted on one graph with the unchang-
ing viscosity coefficient plot of the above phase A. The ratlo of -lergest to smallest
vv-iscosity:;,co'efficient,A.OY.G.?...&he range of 90° C. is 2.5:1 for undecene and 3.1:1 for
hexadecene. LT e RERC e s
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——y ~tire~ Mewen@nwiw

Inth first geven pages; the "pz"‘evious ~sta.tué‘,of' vapor pressure testing
of .fuels and of determining “vapor lock tendency'is. thoroughly reviewed. .Since no.. ...
method is considered sufficiently easy and accurate’at-the same-time, 8 NeW. apparatus: ..

was developed.  The objection to the widely used. Reid vapor. pressure method 1is. that -

“the .vafi»_%‘”‘”"i“é’sé\lrfé%f“ks*detgmmedf-inethewpnesengs_,gi‘.' alr, thus leading to & posgibill'
4ty of--erronecus.resulte,.. LT '

=32



The new apparatus is shown in photograph and diagram, but no dimensions
are given. It consists of & brass cylindrical bomb in a thermostat bath. The top
of the bomb has four taps, one serving es fuel inlet, one as thermometer well (for
a -60° to +60° C, m'ercu‘z-yxthermomete:?, one as connection to a vacuum gage and one
as connection to & vacuum pump. - The test procedure is described ae followas The
bomb and & fuel sample are separately cooled to -50° C. by means of an alcchol-dry
jco mixture. The bomb is then evacuated with & high vacuum pump, and the line to
the vacuum pump clamped off. About 200 cc. of 'tl@e‘fuel ig cerefully sucked into
the bomb from a separatory funnel. The vapor pressure is read directly at the varl-
ous desired temperatures. The air reteined in the fuel and in the bomb causes &
gmall but insignificent error. It 1s essential that enough fuel 1is used to permit
all of the volatile components to be present in the 1iquid phase. -~ = —

Data obtained on several pure orgahic 1iquids and on fuels are presented.
Due to limitation of the manometer, presesures were not read very accurately below
100 '."‘ESO.:;i'—?:'r:::i—,,:a T e R F S T R B T S ——

The advantege of this apparatus over the Reld bomb coneists in the factw
’ghat pressures are read at several temperatures, vepor pressure curves being deter-
mined very quickly. . : : .

An apparatus for observing vapor lock is also described and shown. A smell
Erlenmeyer flask is filled with the cooled fuel up to the stopper. The flask is
_then heated to the test temperature, & tyap at =60° C; condensing-all-evaporated ...
components. Vacuum from a vacuum pump is then slowly applied through & clamped tubs,
end read on & mercury manometer. The pressure at which the fuel bubbles up into the
‘glass tube connection to the vacuum pump corresponds to the altitude at vhich the
fuel will vapor-lock. a
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" (38) Extended Applicability of the FKFS Rapid Lead Analysis of Fuels -
S 0, Widmaier : . ' ‘

prm

T (The FKFS method 1s given in deteil on Fp. 88-93, Reel 52. See
translation. ) 1 o ‘ B

~ Previous reports on 'thié'“é:ﬁ‘él‘ytiqal'method éré ét’iii‘iﬂerat'e“d‘;‘:" namely::

FB-119% (Not on Reel 52) e
FB-1252 (Not on Reel 52) ' 3
. FB-1382 (On Reel 52, Pp. 214-230) - .. ..

. This paper reports on ork done to extend the applicability of the FEFS -
_method to fuels containing olefins, "resins," or peroxides. - . . .-

.~ —The-interfering-effect R
obtained due to iodine addition, Thig is preventable to some: extent by adding suffi-
1f§ﬁt“f1c:fta“fsfﬁ%a‘nﬂ»:mécbmpa;exwwh-mcme&oﬁs:ddwn%the;.aan;xion.;mm%ﬂneiderably-
~=Pe’rox1dee:émt'erfexge-.;bym_.,liberat;’ng}j\ig ie frgi’ the KT in- solution-and: 6-10W-...-
regults.' " T o




The cxperimental work to determine the influence of various factors on the -
accuracy of results is dimscussed in some detail, and the following points are enumer-
ated as significanti ‘ :

a. The reaction temperature should be between 15° and 20° C.

: b. The 70 per cent HpSOL recommended for removal of intefféfixig olefins
should not be in contact with the gasoline for more than 20 peconds.

- * 6. The elccholic lodins solution must contain & minimum of 1.25 per cent
4. The lodine solution is alloved to react with the fuel exactly six
minutes while standing in the dark without sheking.

___e.._Titrate without starch if possible.

f. Titrate as quickly as practicabi;.m:

Recommended Procedure for General Application of FKFS Method

A. Alcohol.Free Aviation Fuels (A3, B, and C3)

Pipette 25 cc. of the sample-at-15°-to-20°-C.-into-a-100.cc. .icdine num-
ber flask. Add 5 cc. of standardized 0.10N alcoholic iodine-KI solution (12.7 &.
‘CP iodine, 12.5 g. CP KI, 1 liter vater-free ethyl alcohol) and let stand exactly
pix minutes in & dark place. Inmediately back-titrate the excess iodine with 0.10N
sodium thiosulfate from-a microburette. Do not use starch indicator. '

cc. 0.108 Todine Solution X 0.0391 = Vol. % TEL

B, Alconhol-Free Fuels. of Iodiﬂe Number 710 ,

Place 50 cc. of semple in separatory funnels—Shake-exactly-20-seconds—
with 10 to 50 cc. of T0 per cent ,H'gSOl;_(in caeé of strong brovn coloration 50, of
weak coloration 10 cc.) and draw off the HpSOy. Wesh twice with water. Dry the .-
semplo.with anhydrovs sodium sulfate, by vigorous sheking. Analyze the dry seuple

by Procedure A. above. -
. Mosmciio mists .
(i \ The ‘alcohol 15 removed_ from theeamplebywa.terw&shing, a.ndAv*bhe—aample_ie
en . P . g . .

i .. Beceuse of their gpeed, ease, and ‘minimum of equipment required, ‘this
L od 16 recomended particulsrly for field laboratoriea. In-a cited _example Of .
cracked gasoline analyzed by this method,” the TEL found; varied -from-0.0989-to -0.09%....
volume per, cent for & theoretical TEL content of 0. 100 volume per cent, -Other data .
4re 15 the seme~order-ofmagnitude-of-errar... AR |
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(37) UM-726 o
Measuring Friction Coefficients on the PIR Apparatus

The PTR apperatus was developed at the “Physikalisch - Technische
Reichsanstalt" and hes been described in the ZWB research report FB-1478 (8-1-19&5.)
which is not on this reel. The boundary lubricating value of fuels is determined
by measuring the force with which a weighted steel pin, gliding on a lubricated
revolving plate, is pulled in the direction of motion. The apparatus is not rede-
scribed in detall. Several improvements over the original apparatus are reported,
. among them the use of 328 Kgfcm? pressure instead of 185 Kg/cm?; the use of a very
thin regular oil film distributed by a wiper carefully cleaned between runs; the use
of a coarser grinding medium (Optolit 6 instead of Optolit 2); and the use of a 2-
‘cm. long pin. Aleo, & sector method of testing 1s described in which the test oil
_and 8 reference oll are used simlteneously, each on one-half of the test plate.

It was found that the friction coefficlents of several mineral oils of
identical viscosity, but different origin, did not vary significantly. Additives
such as graphite, tricresyl, phosphate, and calciumchlorostearate did not affect
the friction coefficient. 0ils with fatty additives gave lower values.

Pages U56-U65

(21) 'FB-1292  10-14-19% - o
- An Exact Rapid Method for Lead Analysis of Fuels - I. Morghen

This paper presents an accurate method which permits determination of the
1ead content of aviation fuels in about 30 minutes, using 2 cc. of sample.

r— HPrinciEle,,, e - . vt

' The process consists of two steps: (1) The transformation of lead
tetraethyl into a water soluble lonizable lead compound, and (2) titrimetric deter=
mination of the lead content. : ' = S

+mr... Preperation of the aqueous lead solution: The usual methods of transform-
ing the tetraethyl lead into an aqueous leaed solution are tco time-consuming. Since
mono- and dichloroalkyl lead compounds are water soluble, 1t was attempted to trang-
form the tetraethyl-lead into dichloroethyl lead by means of a mild chlorinating - -
“agent such as sulfuryl chloride, which would not react with the fuel to form
appreciable amounts of resinous;- gasoline-insoluble compounds.. - T

" Vnen sulfuryl chloride 1g added to lead and gasoline, heating causes &
flocculent white precipitate which is practically insoluble in petroleum ether and:
‘gasoline but is easily soluble in water and alcohol. This vas proved to bo di- .-

~Ty(Cpll)i+-280501p—-(GpisYo-PbCLo--250p 4 2CaE5C1




Any reaction of SOp formed with the TEL wes: not observed in practice, When using
longer reaction times while heating, some lead chloride was formed. The formation
of lead chloride is affected also by the type of fuel and diluent. The Pbp (CoB5)6
which is present in slight amounts is probably algo transformed into dichloro .
diethyl leed. The reaction was not further investigated since for analytical pur-
poses it is only necessary that the TEL in the leaded fuel 18 transformed into
divalent ionizable lead. It is further essential that the amount of lead obtained
is independent from the type of fuel and the TEL concentration. The main source

of error here would be solubility of the precipitate in the fuel and effects of the
fuel on the time and form of precipitate (supersaturation or colloidal precipita.tee).
In the developed analysis, the precipitation conditions were so chosen that the

two above-nemed conditions are met and that the same type of precipitation 1s found
for all types of fuel. Only fuels with above 40 per cent benzol content require -
dilution with a peraffinic gasoline. With very highly unseturated or gum forming.
cracked gasolines, the sulfuryl chloride could possibly react so strongly that
insoluble resinous materlals are precipitated (dehydrogenation by chlorine) which
would later prevent solution ‘of ‘the lead precipitate. ““Phis cean: be-largely-avoided-
by edding congiderable quantities of pure chloroform. When using this method,
stendard runs mist also be made with chloroform since there may-be some increased -
solubility of the lead precipitate in the chloroform-fuel mixture. : :

w‘“-*fl’he—fuele-—testedfnm'st_not._cont.a.in__,alqghol or undissolved water.

. T Determination of lead content of -agqueous solution:-- The method developed
by H. Fischer* for dotormination of leed and other metals by use of dithizon
(diphenyl_’chiocarbazon) wag applied and modified for this analysis. -«

H. Fischer reports that, with weakly alkaline lead solution, diphenylthio-
carbazon forms an inert complex lead dithizonate. which is derived from the keto
form of dithizon. L o

l -

M- N
s - ;L/N‘H T\ Pb
NN =N 2
. |
gl

~ One mol of dithizon, in ite teutomeric iso’ form would be required per mol of divelent
lead salt. : ’ T B T

T—— 1 e one c divelent lead salt is soluble.
in carbon tetraethylchloride with brick red color.~ The divalent lead ion.obtained
_with sulfuryl chloride from TEL forms, with dithizon, en orange red compound which
"1 considerably more easily soluble in carbon ‘tetrachloride-than: the inorgenic . .

‘31tnizon compound. The same quivalent of “dithizon: 18, however, required for. both.
compounds. Following is the modified Fischer method which ves. developed for this

it I BN
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The settled dithizon carbon tetrachloride golution is added to an aqueous,
veakly alkaline lead solution with repeated sheking until the initially colorless
clear aqueous solution has a yellowish coloration due to excess elkali dithizonate.

~ ‘The accuracy of the analysis is obviously improved by using less excess
dithizon (therefore the volume of aqueous lead solution ghould be as small as
possible) and with increased amounts of lead and inoreasing concentration of the
dithizon solution. Then, also, the accuracy ls better the less dithizon is soluble
and the more lead dithizonate is soluble in the solvent (carbon tetrachloride). For
the most accurate determination, the distribution equilibrium between alkaline
dithizonate and carbon tetrachloride lead dithizonate would have to. be congidered..
.This, however,. is not neceasary for purposes of this test. :

When carrying out the above titration in practice, the accuracy of the
titration is +0.25 per cent. The titrating solution is approximately 5 X 10-4 molar.
__The amount, of lead solution is about 2.75 ml. with a content of approximately -
2.5 % ]_0-6 mol (o.gh_ms.) lead.('aé diChldI‘ o die thyilead)v'—z»" S T R L

To avold emulsion formation when shaking, to destroy traces of remaining
chlorine, and to serve es entioxident, sodium thiosulfate is added. Rochelle salt
ig added to facilitate solution of any lead chloride or lead sulfate formed (the

—lead-complex—salt-so-obtained—1 e‘suf-i!ioi—antly—ionizable*to_reactapraatig&lly_quanti -
_tatively with dithizon). Finally, potassium cyenide is added to avold interference
by formati@i’ifo”’é’Eéli-Ié"6’6&13165:66'"&'"”oth'ei'i*metal‘s#;(’except"'Sn;A'-Bi-;;‘e.nd:_-Tl~);.~:f~~~»~-~~---~~—~

Method - . o

1. Preparation of the Titrating Solution
600 cc. of carbon tetrachloride* are heated to sbout 40° C., placed in a
750 -¢c -~ separatory-funnel -with -a-cons jderable.excess. of pulverized dithizon (approxi-
mately 0.5 gm.) sheken vigorously 15 minutes, and quickly** filtered into a-one liter
.separatory funnel. 300 cc. of 0.25 per cent ammonia is added to the dark green solu-
tion and the funnel shaken 3 to 5 minutes. The dithizon is thus largely tranaferred
to the agqueous layer. After brief settling, the dirty green carbon tetrachloride
golution which conteins the impurities (oxidation products) of commercial dithizon
‘.7115“withdram._‘,y,.,TheH.aque,oue,.,;,,sglgfqion is again quickly waghed with about 30 cc. of
carbontetrachloride. 750 c¢c. of pure carbon tetrachloride are then added, and the~
dithizon is‘iliberated,f;om_;‘the‘_ammoniaéal golution by eddition of 100 .cc. of 10 per
cent sulfuric ecid and absorbed in. the carbon. tetrachloride by vigorous sheking.
The colorless agqueous layer is now removed by means of suction or a second geparatory
funnel, the carbon tetrachloride solution egain ghaken with 200 to 300 cc. of sul-
Uric.acid,. the - r-agein-renovedy—and-final, ' b e _solution
shaken three times with portions of 200 to 300 cc. of distilled vater.” After ‘the-
last. vesh, t,he_’Agarbgn‘_pgtracplor_ide;.elclution ig permitted to settle thoroughly and

¥ Other solvents in which dithizdh- 1&1,n‘xox}'e,j‘aolpbie:-(i‘br-nexémple) _‘. phldrofbrm) ‘may
= b‘é“‘ii‘é‘e‘d%‘and,;“of-*c;mrse;'-wljes_9479ol—jan-t*i,sa;nequire‘d._,-;;«(ihé%g01ventsinmst be chemi-

i A GBLL T PULB e Lot

*% Dithizon and its salte are sensitive to




then drained off to a dry separatory funrel, ehaken with.some freshly ignited barium
gulfate for about 10 minutes and -quickly filtered. The approximate strength of this.
-d1thizon-solution is now determined by using it according to.the procedure described
belov 'on & solution of known lead content, preferably in paraffinic gasoline. The
dithizon solution is now diluted with carbon tetrachloride so that 0.55 cc. of .a
gasoline of 0.10 volume per cent lead content corresponds to 9 to 10 cc. of standard’
golution. The solution is then placed in an amber 13 liter bottle (sketch on film)
(sufficient for about 100 determinations). The outlet siphon is inserted and some
1 per cent sulfuric acid carefully placed in & layer above the carbon tetrachloride;
the bottle is then closed air tight and sealed-with ‘wax. A burette 1s attached by '
meens of & cork end wax sealed.. The air is now flushed out of the equipment by means
‘of nitrogen, and a breather flask filled with pyrogallol solution or other oxygen
sbsorber is attached and the burette stopcockX closed. The outlet tube is painted
‘black or otherwise protected from light. For safety & black cloth is placed over -
the amber bottle. It is best to let the solution stand 8 to 10 days before usc, -
~gince the titer-sometimes changes.slightly during this time. The solution is then
standardized with-a freshly-prepared.lead solution, . Bottle and burette should be
gtored in & cool, fairly dark place. (The.titer of the golution in the unprotected
burette does not change significantly in one day,) Another method of gtandardizing
the dithizon solution is presented in FB-1500 (Reel:52, Pp. 272-285). -

Analysis.

o .2,0 cc._of the leaded fuel are placed, by means of an accurate pipette,
into a dry distillation flask (pictured on film). '3707¢e. T of & mixture of “one part
chloroform* and two parts of paraffinic-gesoline are added ag diluent. After 1 cc..
of sulfuryl chloride** is added, the long neck of- the distillation flagk is put in
place by means of a ground gless connection. The solution is boiled**¥* for 2% min-
utes over a small flame, cooled one minute in running water, again heated for one
‘minute and cooled, end then the"liquid'1e;,f»iltered¢- off from the precipitate through
the fritted glass filter which is built into the side arm of the distillation flask.
T Flask 15 vashed out”three times with-2-to-3-cc«petroleun .ether-and then dried

by su_dking _a_.ir_thr‘ough the filter for & short time. The precipitate is then dissolvéd

|

X Stopcocks must be lubricated with.carbon tetrachloride proof greese. For example,
- according to Kapsenberg: "Grind up 25 to 30 gm. dextrinum puriss, in & por-
~--gglain-digh-with 35.-cc .j».fconcent:jatedy‘.iglyc.ex:ine,ﬂ_,,,a@d}pg the latter gredually.
 Heat over a flame while stirring with e glass rod. Let the solution come tod”
. _boil twice. Store in & glass stoppered flask since the grease is hygroscopic."
* Alcohol must be removed from the ‘commercial chloroform by. shaking with CaClo. "
#%_Sylfuryl chloride is very hygroscopic, hydrolyzing to sulfuric acid and hydrogen
chloride. The sulfuric acid so formed cen attack the fuel-end the lesd com-.
~pound,  The Bulluryl. CHIOr1de mmov. THorefore bes ored-in-e-oloped-vessecl-o
mildly ignited berium chloride, and occasionally shaken. -The stopper must be
. kept dry and the bottle quickly closed after use. The 1. c.. must be removed -

_with a pipette without etirring up the settled BaClp. . . . . . .
##% The flagk is placed on an asbestos plate with a 20 to 5 mm, hole. The solution™
. should boil but not very strongly. The simultaneous “emigsion of S02 should not
Yo i5 taken FOT BOLLIHE, THOWeverT s it
$-Onily-very-1ittle-suction-should.be.used... Whén. the fritted glase’ filter becomes
-..plugged 1t must be cleane 'warm cles _golution. Each flask -1s.good for




with™3 oct” 'of“’ani"aqueoua"solution""containing"—"o:71:~péri:'cent'ita.mmonia7:01‘j:per:cenﬁ—_z_
Rochelle salt and 0.5 per cent sodium thiosulfate. This solution is then carefully
removed into a 10 cc. -volumetric flask {shown on‘f-ilm) by suction. The distillation
flask is rinsed- three times with 2 cc. of solution which is each time ‘removed through
the filter. The volumetric flask is finally filled up to the mark, the solution
thoroughly mixed and 2.50-cc. of this solution placed in a shaking flesk (shown on
£ilm). After addition of 0.25 cc. of a 2.5 to 5 per cent potassium cyanide solution,,
the titration 1s made. .

: The titration is carried out as follows:-.The apount_of titer solution
which corresponds to the lower limit of ‘the expected lead content is added and the
mixture shaken one minute (the water layer mst be entirely clear):--0.2-to-l-cC.-
portions of titer golution are added and the mixture shaken 15 seconds each time
until the aqueous - layer shows & yellow or brownish coloration. For the accurate
determination, & new 2.5 cc. semple is used to which the maximum amount of titer
solution is added which gave no coloration in the preliminary run. 0.05 cc. por-
tions-of - titer-solution-are-then-edded -until tha end point is. attained. The end
point is best taken as that point where yellow coloration is-just observed. For con-
_trol purposes an additional 0.1 cc. of dithizon golution should always be added
which met then cause & definite brown coloration. .

Calculation ' : ~

o The lead content_is celculated from the eguation TEL = Y ’,‘%cc'/ 100 os.

where A 1g the lead content of the standerd lead solution, X is the volume of dithizan
solution required per 0.50 cc. of the gtandard lead solution, end Y is the volume of
dithizon solution required for titration of the unknown. .

weww ... The results obtained by. applying this method to 18 different types of
leaded fuel are included in "the report. S e
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{12 TM-546  8-30-1938 o N
. Improvement and Simplification of Tube Testing on the BMW 1575
-~ ¥ngine - H. Schoekel ™ RS ' e

T e R 50” Sifigle CyL inder Bngine seems~to-be-a-standerd engine fOr...
Germen lube testing. It required 50-Kg of oil per test, and congiderable time, since .
the engine hiad to be dismantled efter each-test to clean out. all remaining oil... o
This peper describes in deteil a number of mechanical changes on, the engine and ‘
changes: in testing procedure which permit: running & ‘test with only 20 Kg of oil end
~pt-a-co s}iﬁer&bleétima;aaung_ainéﬁgshg_énsine could remain essentially assembled,

only the plston having to be replaced'after-each run.' =

Sl “ This paper again- 5hb¢a~"jtha._'tf the -rGérmant-:miethdaf. of:-testing. lubricating oils
“consists of rurining the englne until- ring-sticking takes place, .the. runiing time  *
indiceting the quelity of the oil. - In'addition to. the ‘seemingly standard method " of




consideringa auddendropin output horaegower as indicative of ring sticking, this
paper mentions an instrument {described in detail in FB-9i3, 1938, "Ein Neues
Gasmengen Messgeraet zur Beobachtung des Gesdurchtrittes in das Kurbelgehaeuse")
vhich records the amount of gas blowing by the piston into the crankcase; & sudden
increase in this blowby is also an indisation of ring sticking.

Pages 481 -‘)'08

FB-939 5-31-1938 ' ‘
Ignitability of Diesel Fuels in the Engine

Thie report preeente work ‘done in-comparing a number of laboratory and
engine tests -methods of dlesel fuels.

"The following is concluded. :

(1) The chemioo-physical ‘teste suct ds” diesel-index-and flame-length*=
enable no entirely satisfactory correlation with engine test data. Parachor deter-
~minations gave high values, particularly in-the -range-of-high-cetene-numbers.There
is, however, a certain parallel between parachor and evaluation on the diesel engine.

_ - (2) The test in the CFR carburetor engine according to Dumsnois, at 600
or 900 RPM, gave the lowest cetene numbere. Aleo tests in the old CFR diesel engine
~-(initial-1gnition)-gave doubtful-valuess- :

The values obtained in the DVL motor by three methods (initial ignition,
point of no ignition, and ignition delay) agree very well with each other. Results
n the Koerting engine of Olex (Berlin) are very similar.

< ' Improvement of the engine performa.nce ‘of diesel fuels may be obtained by
add.ition of. 1gn1tion accelerators

L It is recommended thet aviation diesel fuels-be tested by the ignition
delay or point of no ignition" methods in the DVL engine

Paees 509-5!+9

FB-952 12-1&-1937 o R
Physico-ChemicaJ. Studies of Combustion in the Engine - W Josn

”tion 1n 'the 1nternal combustion engine.

ST
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Oppeu Method on'Modified 16 Motor 52 '5‘¥:—58
wReport of DVL Session on Knock Testing 5-2-1'96

. Second Derivative of Cylinder Pressure Used To Find Knock Point 52  Lk-46

’~Sma11 Aviation Engine (NSU ) Development Report Qg 148-5&
LUBRICATING 0115 (See” aleo" ‘ENGINE TESTS)‘

Effect on Performance Curvc‘a‘;wof Aromatic Fuels , 2_2_ - '365-5.76
”’_Meaeuring Frictiori'Coefficients on the. PR Apparatus | 52 M#6-:‘+55“
Oxigattonof T 53 S5TE55
Teeting by DVL Overload Method 260 e
; Thermal Deterioration of e W ‘§_2_97~117
_jiiTestinig“ n the BNM 152F Eneine f:ﬁ:g”ffl‘% '260*



SUBJECT INDEX (Contd.)

LUBRICATING OILS (See also: ENGINE TESIS) (Contd.)

Testing Lube-Fuel Mixtures in an NSU Engine 52 201-208
Thermoelectric Method for Comparetive Friction Tests 52 251&-271
STORAGE STABILITY (See also: FUELS) ”
VAPOR LOCK (See also: FUELS)
ZWB (Zentrale Fuer Wissenscheftliches Berichteweeen Usber Luftfahrt)
~FEPORIS
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SUBJECT INDEX (Contd.)

ZWB (Zentrale Fuer Wissenachaftlichee Berichtswesen Ueber Luftfahrt)

FB-1905 - Evaluation of the Vapor Lock Tendency of Fuels 92 423 436
PB*.38l4 - Aviation Engine Tgatihg of a New Diesel Fuel 52 118~13_2
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UM.573 - Lube-Fuel Mixture Teatiﬁg rin the NSU Engine - 52  201-208
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