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COUPARATIVE THSTS ON AVIATION LUBRICANT MIXTURES 4 TO F

Report No,: N-1 Report No,: U471
Origine L. G, Ludwigshafen futhor; Witky and Lauer
Date: 3/20/ %1, Contents: & Gext pages

63 pages of illustrations
SUMZARY

A series of lubricating mixturss mode up of difisrent synthetic

materials manufactured at Leuna and minora) 0ils of the German

Vacuum 0il Company were tested and.compared in motors with and withe

out additive compounds., All of the oils tssted behaved better than

the standard oil (Rotring D) in regard to ring=shicking, The ad~ '

dition of an inhibitor resulted in a slight lmprovement in the cace -
of new o0ils while reclaimed gils showed no improvement,



PART 11: MEASUREMENT OF HFAT TRANSFER IN HIGH
PRESSURE TUBES ON WHICH SPIRAL SHAPED FINS ARE WELDED

Ref. No.: N-2 Report: U469
Origin: I, GqFarbﬂn Ludwigshaisn Author: G, Kling _
Date: 8/1/41 Contente: 11 pages of text
6 pages of illustration
and 1 table
_BUKHMARY

Spiral finned plpes with various pltches and diameters of flns were
tested. For comparison the heat transfer of the ordinary subes Wluh
rectangular {ins were measured. The heat transfer numberssy , o

the finned pipes decline hyperbolically from the ‘g value of the
unfinned pipes with increasing surface area Fp and approaci a limit-
ing value_xa = 9 Cal. per squars meter per hour per degree centigrade
(w Yo (£1n) * 20 m/sec), However, heat quanuitias which cen be trans-

ferred are smallest in the unfinned pipe and then increase with ¥y
slnce g 1s proportional to Fg, I% is worth mentioning that the re—
sults on all pipes, independent of shape of fin or distribution of
the fins, fit the curvea(x ve, anu Q vs, Fg. Compared wiih the
tube No. 4 as a standard, the xol%owing heat transfer quantities in
per cent are glven,

Distance be- Relative %
tween fing in Leat transfer

Tube No. Shape of Fin Dimeneions in mm wm Q/GNo, 4
L Rectangular 230 x 250 15.6 100
8 Spiral 125 1.D, 227 0.0, 19.8 73
9 , " 126 1.0, 246 0.D, 19.8 79

10 a 126 1.D, 246 0.D. 16,1 91

11 " 126 I.D. 24%6 0.D, 12.1 1G4

The results show that a still greater increase in surfuce area
(a greater dimmeier of the spiral) would further increase ihe heat
transfer by an apprcciable amount,
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COMPARATIVE ENGINE TESTS WITH SYNTHETIC MOTOR OILS

Ref, Ho.,: A,19 Report No, :466

Origin: 1.G. Ludwigshafen Authors Lauer

Date; 8/10/41 ' ,
SUMMARY

Details of the manufacturing processes uged in making the two
synthetic oils are not given, but the olls are stated %o come from
I1.G. Herseburg (Ammon=Werk). One of them, R.1., has a viscoaity
of 13.2 o8, at 99°C, and a V. I, of 102. Tha other 0il, .1, has

a viscosity of 13,3 cs. at 99°C. and a V,I, of 92. On the basis
of the 100=hour tesis against Standard 01ls™ is an Open Ycylinder
bench engine, R,1. is considered unsatisfactory owing %o instab=
111ty and sludge formation, but M.1l. is passed out for "practical
testing®,

e

 *Wehrmacht Einheitsoel (Oppau produciion) was the standard oil
and a blend of Deganol with Hotanol S (old Deutsche gasoline
production) vas used as the low performance standard,
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ROAD TEST ON DIESEL FREIGHT LORRY WITH FUEL 7%, 100

Ref. Ho.: A.17 Report Ho.: U466
Oorigin: I.G. Opnau ~ Author: Kohler
Date: 6/23/ , Contents: L text pages and

1 figure sheet
SUKHARY,

A test has been carried out with TZ.100 in a 2} ton Daimler Benz
diesel freight lorry in order to examine the suitabillty of this
fuel for road use. Except for changing the injection pipe from
one of 1,5 mn, I, 0., to one of 2.5 mm, I.D. no alterations to ihe
engine were necessary., HNo difference in starting quality, or im
the performance or fuel consumption of the engine was found to
exiet in comparison with gas oil operation. Hencs TZ.100 appeared
%0 be as guitable a8 tho usuel gas 0il for the diesel engine,

COMUERTS
Fuel TZ.100 is a spindle oil with the fellowing inspectilion data;

Appearance Slightly blue

Sp.Gr. at 20°C. 0.853
Pour Point ¢, =40
Flash Poins O, 150
Fire Point oG, 185
I.B.P. under vacuum °OC, 135
F.B.P. under vacuum °C, 370
Conradson Test ng/g. 0.032
Cetane Number 46.5

The safe nature of thig fuel is shown by 1ts high vieuoeiuy of
1.50 centistokes at 20°C., (of. value ol 12 ¢8/20° for usuai diesel
oilg and high flash point "of 150°9C. (cf. usual diesel oil value of
1009¢C

The rogd tests were made ai the prevailing temparature of a10°
to =15°C. Fuel consumption: T7Z.100 = 14,6 kg/100 km,
Gas Oil- 14.2 kg/lOO km,
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REFERENCE FUELS AND ACCUR&CY IN
THE DETIRMINATION OF THE OCTANE NUMBER

Ref, No.: A.16 Report Ho.: W6l
Origin: I1.G; Oppau Aathor: E. Singer
Date: 6/23/ - : '

SUMMARY

A large number of experiments shows that the accuracy of the ogtane
numbexr determination does not depend on the simllarity of referencs
and test fuels; paraffinic refersnce fuels, such ag "23% (technjoal
iso-octane), can be used-for iesting benzol mixtures.
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PART I: & GOMPARISOH OF THF HEAT TRANSFER IN
HIGH PRESSURE TUBES WITH WELDED AND PRESSED O FINS

=

Ref, No,: N=3 ‘ Report No.: 463

Origin: 1,G.Farben Ludwigshafen  Authors - 0. Kling

Date: 7/1% 43, Contenta:r 16 pages of text,
8 pages of illuetratio
and 3 tables ‘

SULHARY

An experimental plant was built in which finned Ligh pressure pipes
could be tested in order to investigate their exiernsl heat ex—
change. The conditions of the experiments vsed were the same asg
exist in actuwal usage. , -

In the first report on the very large experimental program, compar=
ative meagsurements made on pipes with welded and pressed on fins
are reporied. The results of the experiments show 3he damaging

. effect of poor contact between the pipe and the pressed on fin as

a result of which the heat transfer number of the whole pipe during
normel conditions of use reaches only 75 per cent of that of the
welded pipe. Thed, values of the pipes with presged on {ins bhe-
come worse the higher the fin temperature because the contact de=
tween fin and pipe becomes poorer due to unequal expansion, With
inwardly heated and outwardly cooled pipes, the contact improves
80 that, the o{, value for the pips with pressed on fins almost
reaches that for pipes with welded fins. Finally the temperature
of the fins at different points was measured, This furnishes a
confirmation of the measurements, and at the same time leads to
important conclusions on the displacement effect.
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MINIMUL AND OPTIMUL PILOT INJECTION QUANTITIES
FOR THE "RING" QPERATION OF A JUMO 211A CYLINDER

Ref. No.: A.14 Replort No.. 460
Origin: I.G., Oppau Muthoxr.: H. Lelb
Date: 5/1/4%1 Contents: 7 text pages

8 figure sheects
- SUHMARY

The tests showed that the minimum pileot fuel quantity down to a
quarter full load wag § cubic millimeteres per stroke (equivalent
to 2=10% of the total Tuel quantity). The optimum quantity for
performance and consumption coincided roughly with the minimum
only in the full lcad region., In the part load region the best
pitlot fuel quantity was higher than the minimum quantity; at
about half load it was 20-25 cabic m.m, per siroke (equivalent %o
10=15% of the total fuel quantity); and &t lower loads it increass~ .
ed to 50=55 cubic m.m, at an air excess of 2,.5:1.

In practical operating conditione with air excess between 0,85 and
1,8:1, 20-25 cubic m.m, /sizoke (correspending to 5-15% total fuel)
was found adequate, ' _
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TESTING OF POLY~GLYCOL-ETHERS AS LUBRICANTS

Ref, No.: A.13 Report No.: 455
Origin: I.G, Ludwigshafen Author: Halder
Date: hy/23/4

SUMJARY

A poly-glycol=ether, LX.2200 (or LK.3/Ja), having a viscosity of
4.3 cs. at 99°C, V.1, 113 and specific gravity of 1,122, was test~
ed in the 4-Ball Machine, the Wear Machine, an Open engine, a

B, . W,~132 aero engine and for corrosion properties at 100°C. in
the presence of various metals, etc, (Rotring D was used as stand-
ard oil for comparison), The poly-glycol-ether generally shows
very satisfactory properties as a lubricant and exhibits very good .
anti=ring-sticking properties ir the B,l.% engine. Owing to their
insolubility ir mineral oil, it is concluded that the poly-glycol=
ethers would nwt be satisfactory for internal combustion engines

in view of the difficulty of changing from mineral oil to the
ethers and vice versa. Their solubility in water would make the
poly-glycol-ethers satisfactory &s torpedo lubricants since they
would not produce oil patches on the surface of the sea. The re-
port also concludes that the pely-glycol-ethers might find applice
ation as lubricanie in textile machinery and hydraulic apparatus,
Water solutions of the poly=glycol-ethers might also be used as

. low setting point coolants, sincc théir freering point falls from
about =370 to =l8OC, as the water content is increased from 0-~30+%,
Further additions of water raise the freezing point ,of the mixture,
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EXAMINATION OF AN AROMATIC AND A PARAFFINIC BLEND
WITE RESPECT TO TZuPERATURE, LEAD, AND MIXTURE SENS-
ITIVITY 1K THE SUPERCHARGED SINGLE CYLINDER FNGINE

Ref. No,: 4.12 Report No,: Usb
Crigin: I1.G. Qppau , Authors Witschakowski
hate: Ly21/41 : -

SUMBARY

liixture response. curves have been obtained over a range of boost

air temperature using 60/40 blends of VT,705 with ET,100 (paraff=-
inic) and CV2b aromatics, leaded and unleaded, and alsc with unlead-
ed ET.100 and Aviation Benzol, The curves have been obtained on the
B.M. 4. 132 single~cylinder test engine operating under the following
test conditions: ' :

Compression Ratio 3 831

R. P, i, s 1600

Ign, Adv, 3 300F

inj. Begin ¢ 25° A, T.C. -

Cooling Alr P.D. ;- 200 min, HzO
From the results of these testa the following concluslons have been
reacheds iy

Aromatics are more sensitive to boost air temperature than
paraffing, in respoct of both rich and weak mixture deton=
ation performance,

Leaded fuels are more temperature senpitive than unleaded
fuels, ' _

Lead susceptibility is highest at low boost alr temperatures;
and decreages rapldly with increase ip temperature,

The degree of mixture response, i,e, minimum weak to max-
ilmum rich performance, is greater for aromatic than for
paraffinic blends, and also greater for .leaded than for un-
leaded fuels,
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TESTING OF AVIATION GREASES AT LOW TEWPERATURES

Ref. No,: A,11 Report Ho,: 453
Origin: I.G.Ludwigshafen Author: Halder
Date: 5/15/41 :

~ . SUMMARY

This report desls with the low temperature torque testing of greases
in bearings using the I1.G. cold chamber and the Schwaiger low tem—
perature viscometer. The latter is a rotating cylinder apparatus,
the cylinder having a diameter of 80 mm, and 2 clearance of 0,06

mm. between it and the concentriz outer cylindar,

Very discordant results were obtained in thi2 comparative tests on
a serles of greages in the temperature range -1C to -50°C, The
discrepancy was found to be due to the fact that different raies
of sheer prevail in the two machines and their differences can be
‘reduced by a suitable alteration in the rate of sheer in the
Schwaiger viscometer. The greasss testad were Lero~Feet blau
(Rhenania~Ossag), Intava 1416 blan and 1417, CGalupsol X end 129,
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REVISFED TEST METHOD FOR AVIATION FUFLS
(GEPAY_METHOD)

Ref, No.: A.10 , Report No.,: 452
Origin: 1.6, Oppau Author: Singer
Date; 4/10/41 _

SUMHARY

In the Oppau method, an I.G., test engine 1s operated at a fixed
boost pressure an¢ the compression ratio ie adjusted to give a
standard knock intensity measured on a piezo-electric knockmeter,
Compreesion ratlo is related %o octane number, and tests are per=
formed over the mixture range to give a curve of mixture strength
against octane mumber,

TEST CONDITIONS

R. P, 1, : 600
Coolant Temp, 1000¢,
Hixture Temp, _ 125%¢,
Ignition Advaacs 2eo

Boost Pressure 1000 mm, Hg. abs.

A large number of fuels has besn tested under these conditions and
the results compared with ratinge obtained by the LVL supercharge
method (BHMW.132 engine). In the majority of cases the fuels were
rated in the same order hy beth methods,:

A photograph showing the I.G. engine and test equipment is included,
together with =mixture response curves for the fuels tested.

List of Test Fuels:

Blends of reference fusl with pure benzene and with a paraffinic
reference fuel Z,

B4, c2, C3, CV2b, VT706, ET10C,

VT702 and blepds of VT702 with diethylbenzene, mesitylene, toluene,
aviation bemzol, ET100, Cyclohexane, isopropylether, methanol,
toluene, xylene, CV2D, - , , :

VP705 and blends of VI705 with ethylpropylbenzene monopropyl-
benzene, monoethylbenzene, methylethylbenzene, dieihylbenzene
Blends of CV2b with ET100 and Aviation slkylate (7)



THE EFFECT OF TEUPERATURE ON THE RUNNING OF ARKO
ENGINES EMPLOYING THE RING SYSTEM

Refd NOo

: A9 . Report No, 451
Origin: 1I.G., Oppau - Author; Leib
Date: 4j3/hy Contents: & text pages

12 figure sheets
SUMBARY

The tests showed that running was possible with comparativély low
cylinder and air intake temperatures, Minlmum tried values were:
{a) for a BMW 132W: cylinder tempersature 1200C,, intake itemperature
200C; and (b) for a Jumo 211: cooling water temperature 00C,, in=
taka temperature 209C,, which, in combination, give 2 reduced full
load performance, ,

Lower intake temperatures gave improved performance down to half
load (increase of maximum load of 10 - 1K), Lower cylinder temp-
eratures also showed better performance in the full load region but
in the half load region resulted in &n earlier fall off in perform=
ence. At full load the consumption was little affected by Jow temp=
eratures but at lower loads high consumptions were experienced,

Best values wers:
A IS g0°c, Intake AiT, 2100C. Cyiinder Temp,
Jurtos  500C, . t 50°C, cooling

water temperanture down to half load
and 800¢. from there to no load,

The best lubricating oil temperature was 90°C, as compared with the
other investigated temperatures of 60 and &0963,

Power and consumption curveas are given for both engines for the
temperature range inveatigated,
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THE DETERMINATION OF KNOCK.INTENSITY

Ref, No.: A& o ' Report N, : U9
Origin; 1,G. Oppau Author: Dr, Schuch
Date: 2/27/41 '

SUMLARY

Two forms of measurement of knoock intensity are"described, A
plezo-electric pick-up is used, the pressure vibrations in the
c¢ylinder being amplified throuﬁh one or two stages of an A,C. Amp=
1ifier. An indicator passage 40 mm in length was employed in the
1.G. Prufstand engine, this lengih giving gas vibrations of the same
frequency as the detonation waves. Hence, when detonation sets in,
resonance occurs, and the vibrations are amplified mechanically.
Both types of imstrument witilize these vibrations direotly (i.e.
they are not differentiated.). The indicator diagram is filtered
out, so that only the high frequencise are amplified electrically.

In the“first type, a diagram 13 given which is similar to that
.produced by the Sperry knock-meter, and by measurement of the
amplitude of the vibrations, the knock intensity can be estimated.

In the second type, the vibrations either irigger a relay which
flashes an electric lamp, or they operate an electiro-magnetic
counting machine,

The circuit alagrame tor both types are given in Fig. 2 and 3. -
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- TESTING OF LUBRICATING PROPERTIES
OF OILS 1IN THREE DIFFERENT TYFES OF APPARATUS

Ref, No.: A.5 Report No,: 448

Origin: I.G. Ludwigshafen Author: Halder
Date: 2/18/41 i
SUMHARY

In this work the %#-Ball machine, the Vear machine and the Wieland
machine (similar to the Almen machine) wers used. Six synthetic
hydrocarbon lubricants of similar origin but different viscosities
were tested., Details of the origin and properties of the oils, ex-
cepting viscosities, are not given, The results of the three test
machines show considereble lack of uniformity snd the report con=
cludes that further work is reguired to decide which apparatus
gives results of practical value., The olls include & synthetic
lubricants Hg, Hye, Hzo, Hgg, and Hl%o all of the same origin, and
Hypp an ester derivative,
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RESEARCH ON INJECTORS, USING A "QUANTITATIVE STROBOSCOPE"

Ref. No.: A.b . Report No,: U447
Origin: I.G. Oppau ‘ .- Author: Kohler *
Date: 3o/ ~ Contents: 5 text sheets

6 sheets dlagrame
SULIARY

By the use of a "Quantitative stroboscope" the amount of fuel coming
from the injector per degree of crank-angle was measured. The :
"Quantitative stroboscope" consisis of an injection pump and au
injector which rotates, spraying the fuel into pockets provided with:
~ measuring glasses at their extremities.

The pintle injectors examined gave very similar resulis, in spite
. of variation in pattern. '

A holé'injector gave a gomewhat 1onger‘injection time and somewhat
smaller injection guantity. ’ ' .

Oonly when the viscosity. of the fuel was above 10°E (75 c.St,) was
the injection time somewhat increesed, and the end of injection de-
layed, With a small pump piston the injected quantity was greatest
shortly after the start of injection and then fell off markedly,
When a larger pump piston was ueed, the guantity remained near iis
maximum longer. High 4njection-pressure decreased the injection
time, but gave bigger variations than lower injection-~pressures.
The regularity of injection was tested by spraying the fuel on to

a filter stzip,
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KNOCK CHARACTERISTICS AND KNOCK RATING OF FUILS

Ref. No,: Nl = | , Report No.: 446
Origin: 1.6, Farben Ludwigshafen Authov: Singer
Dates 2/3/41 , ~ Contents: 6 pages text and

1 page of illustrations
SUMMARY

The kunocking properties of unblended light gasclines are generslly
determined by the octane number. IHowever 1lI these materiale are
blended with another gasoline, their knocking properties are de=
signated in another manner, In order to avoid misunderstanding,

in this case the expression “mischwert” {mixture value) is proposed.
The method of carrying out this determination is-given., The diffex-
ence between the cctane number and mixture value is illustrated by
-selacted examples.
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4EAR TESTS ON THE IAJECTION SPAAY VALVE
AND FUEL PUMP PISTON WITH FUEL R. 300 AND GAS OIL

Ref. No.: 4.2 Report No. Uh§
Origin: 1.G. Qppau Author: r. Eolkler
Date: 1/24 /4] . Contents: L text pages and

2 figure sheets

SUMUARY

i

In a continuous run of 700 hourz with the special fuel R. 300 no
attack of the injection spray valve and plston of the injection
pump was observed, The wear of the valve was insignificant. Yhe
parallel test with gas oil ylelded the same reasult, exceph thal a
thin carbon coating formed on *the valve whersby the geallng was a
1ittle Dbeiter. . : ‘

R.300, according to Short Report Wo. 406 of 15,10, 4 18 aiglycol=
dlethyl ether,



APPLIGATION QF 't RING SYSTWd PO A Ruw TYPW 132N  CYLINDER
Ref. No.: A.1 Report No,: L2
Origin: 1.G. Oppau . Author; . Leid
Date: 12/1/%0 Contents: & text pagee and

6 figuyre sheets
SUMIARY

The Ring system showed the same advantages in the BuW cylinder,
especially at part loads, as had been found with other aero.engine
cylinders. Control by mizture alone with constant 3peed down to

no load was possible, The specific fuel consumpiion remained rough=
1y constant for loads between 50 and 90% at the minimum value of
1850 k.cal,/horse power hour (O%to operation 1900), Starting with
R. material at room temperatures was poasible without sparking
plugs. The influence of cylinder temperature oa performance and
consumption showed that cooling air regulation was necessary, Al
speeds below 1000 r,p.m., the consumptlon was better if R material
alone was injected. Shifiing the ‘R injector to & &park plug boss
improved the stariting a little put ehowed no gain in performance

or consumption. The pre~injection angle could, at constant speed,
be maintained constant over the whole load range, in contrast with
water cooled cylinders, Farther, with 1ibersl R meterial injection
guantity, this gquantity also could be kept constant over the whele
range i the very lqwest consumpiions were not expected,
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COMPARATIVE KNOCK TESTS USING THE
SECONDARY REFERENCE FUFLS BENZOLE AND "2"

Ref, No.: a.hk4 . Report No.:. K06
Origin: I.G. Oppau . Author: E, Sipger
Date: 6/13/42 -

SUUHARY -

This zeport deals with the relative accuracy of knock teets on both
the 1.G. and C.F.R. engine using benzole and their "2¥ secondary
reference fuele,

The revort shows that the sccuracy is practically unsffected by
changing from the one to the other reference fuel,

10 test stations using 10 1.G, and 9 C.F. R, engines contributed
to.the report,
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CXPZRIENCES IN LUBRICANT TEST RUNS ON RING STICKING!BRHAVIOR

Ref. Mo.: A.U3 Repori Ko, ¢ 505
Origin: 1.G, buthor: W, Lauwer
Date: 7/1/42

(Lecturs, held in connechion with the Lubricating 011
meeting of tane D.V.L. in Berlia oo May 7 & &, 1942, )

L review is glven on the position of the engine testing of lubzrice

ating oil in she single cylinder BiW.132 and especially the de-
ficlienciea of the method are shown up,

In spite of many indefinite iniluences which contribute in wart to

the great spread of the accuracy of measurenens, the method of

lubriceting oil teating is ueeful, There is soms possibility of.
eventually improving the method described, so as %o state the ine

fluence of temperature and power condition on the time ¢f rTun.
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TdE UsE OF THR X.G. TEST ¥NCINES IN LUBRICANT TzESTS

Ref, No.: A.41 Report No.: 504 :
Origin: I.G, Author: Haldex
Date; 7/1/42 ' :

(Lecture held in connection with the Lubricating 01l
meeting of the D.V.L. in Berlin on lay 7 &S, 1942.)

The 1.G, Knock value test engine is used, after some unimporiant
alterations as an oil test engine for determining ring sticking.
Test conditions, preparation snd operation are briefly described,

A peries of test runs using preliminary conditions, gave the same
evaluation as in whe BMW 132 single cylinder engine for ifour aero
engine olls, The repeatability of «the tests is satisfactory, The
completion of the test is not always clear, as power dror and blow
by do not always coincide in time. In this regard an improvement is
55111 to be sought. As the tests are promisingly successful, i%
will be continued on two I.G. Test eagines.

0i1s Used: Red Band D
Aeroshell medium
85 978 sp 0,04
8S 902 F 280
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AN ELECTRICAL APFPARATU3 FOR THE DETERKINATION
OF INCIPIENT DETONATION BY ACOUSTIC ANMD OPTICAL_ HMETHODS

Ref. No.: A,%0 Report No.: K02
Origin: 1I.G. Oppau Author: Dr. Schuch.
Date: ofi/u42

SUMBARY:

This report amplifiea report Ho. 475 from the same laboratory.
An 4,0, amplifier circult has been developed to filier out the
general engine vibrations, and by this means the onset of deton=

ation ig more easily noticed. Two sets of three mixture response
curves are given, tsken by ear, and by the knockmeter with and withe
out the general vibrations filtered out. A circvit dia@ram s append=

ed,



PEAK PRESSURES WITH THE MRING" SYSTEM

Ref. No.: A.39 Repoxt No.: 501
Origin: - I.G. Oppau Author: F. Penzig
Date: 5/25/4 . - Contents: 8 text pages and

9 figure gheets
SUMUARY

Under optimum performance condiiions peak pressures with the. "Ring*
pystem were the same ap for the Otto cycle. With the Otto cycle
the peak pressure increased continuously with ignition advance,
while, with the greater pre-injection required for optimum perform-
ance with the "Ring" system, the peak pressures were falling,

Diagrams showed that with the "Ring" system by the location of the
commencement of pressure rise near to top dead center and by a slow=
er fall in pressure in the expansion stroke there was & gain in
performance over the Otto cycle,

~Cooling water losses were up to 2h% greater with the Otto cycle than
with the "Ring" system.

COMMENTS

Pressure and rate of change of pressure indicator diagrams are given.

The reason for reauced cooling losses with the "Ring" system 1s obscure
and the author states that it is not accompanied by a corresponding
increage in the exhaust temperature,
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THE "RING" METHOD

Ref, No,: A.38 Report No.: 500

Origin: 1.G. Oppau _ Author: F. Penzig

Date: 9/1/42 ' Contents: 47 text pages and
‘ : 4 figure sheets

SUMARY.

Development of the "Ring" method made it advisable to revisé Report
‘No. 394, dated August 1939, and to make certain additions,

A complete presentatior of all existing data and developments being
carried out at various centers would be left to a future date, The
development had reached a definite stage when in May 1942 the first
test flights of an engine operated by the "Ring" method were.carrled
out by B, M.W. Spandau, ”

The fundamental principle of the "Ring" method is stated to be diesel
ignition in the .Otto cycle. Since the ignition had to be effected
at low compression ratios the development of new highly ignitable
materials became necessary whose characterlistics are described and
are designated R materlals, On the mechanical side the metering and
injection of the small quantities of R materials as well as the
design of the nozzles 1s important,

A considerable advantage of the "Ring" method is the absence of

high tension ignition which mekes radio communication more difficult,
A further advantage is the wide range of control possible,slnce very
weak mixtures can be ignited. The "Ring" meihod had its origin in
the endeavour to burn the weakest mixtures of high boiling safety
fuels, but these experiments are a subject in themselves,

The diesel-gas method was finding increasing application in diesel
engines for road transport, using power or producer gae, and it was
considered useful to include a note on this method in an appendix.

All of the figures and some of the text are missing from the available
copy of this report and it appears to have been used as & draft fo
a further report,

The most favored R material, designated R, 300, was di-ethyl-diglycol
ether,
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CONCERNING THE PRE;HEATING OF LUBRICATING OILS IN
VEHICLE MOTORS BY UEANS OF ASH=FREE CARBON (STARTING CARBON)

5 Report: %99
G, Farben Ludwigshafen Aauthor: H. Leib
20/42 Content :4 pages text

3 pages i1llusiration

Ref, No,: N=-
Ordgin: I,
Date: b/

-

SULIARY

" A device is reported which maies it possible %o heat lubricating
0ils in the oil pan of a vehicle motor before starting and %o
keep it warm when the motor is not running. Experiments showed -
that it is possible to install this device in existing vehicles,
The heating is done with ash free caroon developed by experiments
at the technical testing laboretory at Oppau. Al an atmospheric
temperature of ~209C., 240 . of carbon raised the oil temperature
of 14 1itere of oil to +U40°C, The heater reached a maximum temp-
erature of 146°0. after two minutes. In order to prevent the
formation of coke in the oll pan it is undesirable to raise the
temperature of the oil above 1ULE9C. After 15 min, the temper-
ature of the oil was 65-70°9C. at the top of the oil, while At the
bottom of the oil pan, the temperaturc after 36 minutes was +169¢,
sbout 10-15 minutes were required to vurn 240 g. of carbon. The
carbon was used as tablets of about 20 g. each, It is important
that the carbon burn uniformly and no% too rapidly to preventi
superheating, -
The experiment was conducted on & DB~diesel type OMH9 motor in-
stalled in a three ton truck and also in a type OHEY motor using
a standard lubricating oil (iehrmacht standard 0il). The oil

pan of both motors have & sunp secticn frem which the oil is
gsucked to the pump and circulated to the motor, The sump section
ig heated by & heating tube which is closed at one end, This
tube was 60 mm. in diameter fcr the OL59 motor, while the OK89
motor had an oval shaped tube 80 X 43 mm, The heating tube was
sealed into the well of the sump., In the middle of the heating
tube was installed a removable grate to hold the carbon tablets,
The section below the grate sexrved for the introductlon of air
while the section above was connected 1o & chimney to remove com-
bustion gases, The grate contained holes yhich were more numer~
ous near the closed end, to give unifcrm combustion., The chimney
was sufficiently long to give“a good draft, Apparently the

grate is partially withdrasn from the tube to start combustion,
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I, LUBRICATING OIL TESTING

Ref. No.: A,36 Report No.: U495
Origin: 1I.G, Author: Halder

Date: 1/28/42

(Lecture given on the occasion of the Inorganic
Colloquium on January 28, 1942)

SUMMARY

The important question of lubricating oll testing is deelt with.
After a general explanation of the various lubrication states, ap-
paratus are described, as used in the Oppau Laboratory, for meapur-
ing friction coefficients and wear, 'and test results shown, Be-
sides, the possible use of the Four Ball machine for testing E.P,
additives is investigated, _

Furthermore the low temperature behavior is dealt with, Thereby

are shown certain advantages of a good viscosity teuperature be=

havior. Test resulte in the I.G. cold ohamber are shown, whereby
the effect of low temperature on viscoeity and the setting point -
is investigated, . -

The testing of ring sticking by testing oils in an engine 1s spec=
1ally placed in the foreground, the effect of inhibitors being
dealt with, In conclusion, tests are reported on sludge formation,
0oil thickening and oil consumption.

0ils used:- Red Band D, Aeroshell iedium, 5S 902 F 25, P.174, TES7, -
0live 0il.

Additives:~ I mixture 11, S product T, S product J, P-Cl Product
P,V.0, Inhibitors p and ry
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TESTS ON THE "RING® SYSTEM AT DIFFERENT COMPRESSION RATIOS

Ref. No.: A.35 Report No.: 493
Origin: 1I1.G. Oppeu Author; F. Penrzig
Date: . Contents: 14 text pages and

: 13 figure sheets
SUMEARY

It is shown that R.300 snd gas oil in the diesel cycle give equel
performances 1f care is taken to ensure that the choice of nozzle
is such that the injection time roughly equals the ignition delay,

" The combustion of R, 300 (Cetane No. 188) is slower than gas oil

(Cetane No. 40) so that combustion must be started well before top
dead centre and be earlier the higher the.compression ratio.

The "Ring" system is equal in knock performance to the Otto cyole
at a compression of 8:1; at higher compression ratios it is mach
superior, With fixed pre-ignition and pilot fuel injection, which
occur in practice, it is observed that at 70% correct mixture
stTength a higher performance of 30% is obtained aleo at 8:1,

1f the "Ring" system is operated at high compression ratios gas
0il is equal to R.300 as a pilot fuel. Diesel engines can be im=
proved considerably in performance if adapted to the "Ring" system
using fuels of low knock cuallty,



RESULTS OF COMPARATIVE MEASUREMENTS ACCORDING TO THE OPPAU METHOD

Ref. No.: N~b Report Wo,: U492
Origin: I,G., Farben Ludwigshafen Author: Singer
Dates 10/9743 Contents: 3 text pages

‘no illustrations
SUMMARY

8ix test laboratories have tested fwo commercial aviation gasolines
nd one standard gasoline according to the Oppau procedure. Each
testing laboratory repeated these tests on three separate daye,

According to these experiments the repeatability is on the average
+ 0.2 octane number whereas the reproducibility is on the average
+ 0,5 octane number. Accordingly the accuracy of the Oppau pro-=

o

cedure is as good as that of the customary octane number determination.



RESULTS OF CORRELATION TESTS BETWEEN THE OPPAU AND DV KETHODS

Ref, No.: 4.33 Report No,: 491
Origin: 1I.G. Oﬁpau : ' Author: E. Singer
Date: 10/24 /42 ,

SUMUARY

e

A further etudy of the correlation between the DVL - supercharge
method of fuel rating (BMW 132 engine) and the Oppau method (I,G.
engine) showe good agreement between the two methods with leaded
fuels containing varioue blending components. However, with unleade
ed fuels and with blends of ethyl alcohol, di~-isopropylketone and
di-isobutylene, the correlation between the two test methods is
poor.

List of Test Fuels:
Paraffinic base, B4, with various percentages of iso=
octane, avalation benzole, cyclohexane, isopropylether,
ethyl alcohol, di-isopropylketone, di-isobutylene,

Napthenic base, "B" with various percentages of aviation
benzole,

Various aviation fuels,
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THE EVALUATIQN OF OCTANE NUKBER ACCORDING TO THE OPPAU HETHOD

Ref, No,: N=7 ‘Report No,: 490
Origin: - 1.G, Farben Ludwigshafen Author: E. Singer
Date: 2/17/ 2  Contents: .25 text pages and

1 page of illustrations

SUMMARY

With the help of two variables, air-fuel ratio, and octane number,
the knock curve can be given by the Oppau method., The accuracy
with which these two variables can be determined is discussed, A
gimplified method for determining the alr-fuel ratio slso is den=
cribed, .

The results of the determination may be expressed by the Oppau
octane number and the lean mixture value, The octane number gives
the least knocking ability while the lean mixture rating gives the
influence of alr fuel ratlo on the knock behavior. The evaluation
is explained by an example,
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INRVESTIGATION OF LUBRICANTS IN THE I. G. COLD CHAMBER

Ref, No,: A, 32 Report No,: 487
Origin: I.G, Author: ' F., Penzing
Date: 12/12/41 :

(Lecture, given on the occasion of the Disoussion on the
Problems of Lubrication and Lubricating 0ils of the
D.V,L., December, 1941,) :

SUMILARY

The 1.G. cold chamber, developed in the Oppau laboratories, has
proved useful in wany ways for the investigation of lubricants,
Thus, one can learn the delivery quantity and pressure of an oil
pump at low temperatures and to appreciate the influence of pour
point depressants. In combination with an indicator, which is
influenced by the torque of a bush one can observe the whole pro=
cess of the bresking free of an oil film. Further investigations
concern the breaking free power of oils and its dependence on the
extrapolated viscosity and the relation between the breaking free
power and the Walther standard factor m,

Investigation of lubzicating greases in the I, G. cold chamber
show that the breaking free power increasges considerably with re=
duction of the rate of shear. It demonstrates further that appar-
atus with unalterable torque and thus, variable ghear rates, are
unsuitable for the investigation o. greases., As proof, tests with
greases in the Schwalger viscometer asre discussed, which plainly
illustrate the false evaluation, These are avolded by testing in
the ring bush (bearing) in the I. G. cold chamber at congtant
shear rates,
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PESTS WITH THE FOUR BALL MACHINE

Ref. No.: 4,31 Report No.: 486
Origin: 1.G, Author: Halder
Date: 12/12/41

(Lecture, given in connection with the Discussion on
Problems of Lubrication and Lubricating 0il, D.V.L,
December, 1941.) ' -

SUMNMARY

The Four-Ball machine installed in the Oppau laboratories ig
described. The tests carried out therewith are concerned with all
conditions and reasons for the spread (of results). Non uniformity of
the balls cannot be established. By ralsing the speed of rotation
trom 800 to 1500 and 2000 r.p.m. & reduction of epread (of results)
was obtained, nevertheless the Tepeatability is still not satis-
factory. Certain oils, especially fatiy oils and partly also miner-
al oils, gave marked spreading (of results), whilst with olls con-
taining E.P. additives very little spread was observed. With cer=
tain oils, especially mineral oils, an instabllity in the (torque)
running curve of the seizure delay in relation to load was estab=
l1ished, It was observed that the addition of active effect addit-
ives to mineral oils giving 1ittle sprend of results caused an in=
crease in the spread and that an increase of the concentration again
caused & reduction in spread, This phenomenon is shown with four
examples of different oils with different additives,

The Four Ball machine can also be used for the testing of corroded
(treated) metal surfaces. .It is shown that by the use of balls
phosphatised by the "Atrament” method, essenilally higher selzure
delay can be obtained,

O0ils used:~ H.8, H,16, H.88, H,140, H.42b, Red Band D, Aeroshell
Kedium, Rape oil unrefined, Valvoline Hypoid, Army Standard 0i1,
Army Standard oil + 10% valvoline Hypold, Army Standard 011 + 2%
and 0.1% CCl; Ice machine 01l (yellow), + 5% and 9% Sulphur product
B, Gargoyle Motor 0il, + 17% and 9% sulphur product B.
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STARTING OF DIESFL ENGINES WITH THE AID OF HFATIRG TABLETS

Ref. No.: A, 30 w Report No,: 483
origin: 1.G, Oppau Author: H. Lelb
Date: 11/25/41 Contents: 9 text pages and

§ figure sheets
SUMMARY

Heating tablets, which are ignited in a vessel connected to the
inlet manifold sre: & convenient starting aid, The tablets burn
practically without residue, and the gases given off consiet of
products of combustion and free-oxygen, Tests on.army utility en-
gines showed that 1t is poseible to start at =30°C. in about 3 min-
utesé ghile with standard electric heaters starting ies impossible
at”OCo ra .

The exact composition of the tablets is not stated, Approximately
a quarter of a pound of tablets was required for starting at -300C,
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MEASUREKENT OF THE TXTERNAL HFAT EXCHAMGR IN A
HIGH PRESSURT TUBFE BY INSTALLING TH® TUBE TO BR
- TESTED IN A GROUP OF PIPES SURROUNDED BY FIRE BRICKS

Ref, No,: N-8  Report No,: 481

Origin: I.G. Farben Ludwigshafen Author: G. XKling »
Date: 11/3/ 1 Contents: 9 text pages
‘ 5 pages of figures, and
2 ‘tables
SUMLJARY

Several arrangements have been tried in order to increase the ex-
ternal heat exchange on high pressure tubee without fins to obtain
the highest efficiency in preheaters. The installation of conduct=
or devices which should heat up the half of the tube which is not
touched by the direct flow of gases is not recommended because of
poor heat flow. The fire clay gives high heat conducting numbers -.
but at the same time unnecessarily high resistance to heat flow,
The arrangement of the tubes in a group results in the same heat
efficlency as in standard tubes with fins. However, it has the
disadvantage of a greater decreage in pressure and a greater use of
alloy tubes.
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SEMI-ANNUAL COMPARATIVE TESTS WITH KNOCK MOTORS (VV93)

Ref, No,: N=-9 : , Report No.: 480
Origin: 1.CG. Farben Ludwigshafen Author: E. Singer -
Date: 11/1/41 Contents: = 10 text pages

4 pages of illustrations

SUMMARY

The experiments showed incrensed use and accuracy of measurements,
These investigations were carried out by 52 testing laboratories in-
April 1941-U42, which provided a total of 84 test motors (66 had preve
“iously been used). A total of 634 individual determinations were
made (504 previously).

Accordaing to the experiments an average accuracy of 0.6 octane
number is obtained (previously 0.7). The accuracy of the research
method is somewhat greater than that of the motor method. -

81% of the testing'laboratories kept within the limit of * octane
number (previously 78%). Here too the percentage is somewhat greate
for the research method than for the motor method,

On the average the values of the I.G. test motor are lower by 0.0
octane numbers than the value for the C.F.R. motor (previously 0.5
octane number lower), The agreement between the two types of motors
is better by the motor method than by the research method,
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COMPARATIVE TESTS WITH GEAR QILS

oo m—

Ref, No.: A,26 ,' Report No.: 477
origin: I.G. Author: Halder
Date: 10/10/41

SUMMARY

Four gear oils were tested in the Almen Wieland machine of the

Daimler Benz A.G. and in that of Oppau laboratory and thereby agree=
ment was established between both of these apparatuses. A further test
was carried out with the Four Ball machine.

By a correction of the Almen Wieland machine results, the same order
of evaluation of the oils could be obtained with both of these diff=-
erently constructed apparatus, The results with the Four Ball macgh=
" ine were very definite, in contrast to those of the Almen Wieland
machine, which gave a rather unsatisfactory evaluation of the oils.

0ile tested:

Shell HD.L

Shell HD. S

Kompressol (Ahrens, Koln)

shell EP grease (red) (Hochdruckfett),
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COMPARISON EXPERIMENTS WITH I.G. TEST DIESFLS 1041

Ref, No.: A.25 Report No.: 476 '
origing 1.G. Oppau Author: Dr. Kohler
Date: &/25/41 Contents: 7 text pages and

Sk - ‘ 1 sheet dlagrams
/ SUMMARY -

The four Diesel fuels (Cetane Noe, 25-80) given below were tested
in I.G, test Diesels at twelve different centers. The measure=
ments were carried out using both standard samples of comparison
fuels (cetane and «{methylnaphthalene) and samples already in etock
at the individual test. centers° }

The results could be regarded as satisfactory, as the average stray-
ing was between 0.95 and 2.1 Cetane No, and 70% of the measurements
were in a range of * 2 Cetane No,

The fuele tested were:-

(1) dedium Oil from Lignite D. 369 Cetane Noo about 25
52) Gas 0il (D.A.P.G.) D.510 Li
g),cas 011 from Baden Crude D.621 " "t 60
(4) R.c.H, Diegel 04l D.509 ¢ moowogg
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THE ELECTHICAL INDICATION AND RECORDING OF DETONATION VAVES

Ref, No.: 4.2% Report No,: 475

Origin: 1,G. Oppsau Author: E, Schuch

Date: 9/1/41 : | :
 SUMMARY

A detonatlon indicator is described, in which a length of steel wire
is used to transmit the engine vibrations to & moving colil electric
pick-up remote from the engine, After filtering and amplifying,

the output from the pick-up 1s fed to a C.R.0. or a loudspeaker,

Drawings and photographe of the indicator and the electrical circult
are included.
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CONTRIBUTION TO TESTING OF KNOCK BEHAVIOR
OF AVIATION FUELS IN SiALL TEST ENGINE

Ref, No.: A,23 Report No,: 474
Originz I1,G. Oppaun Author: Witschakowsky
Dates 8/25/41

SUMIGARY : =

This report deals with an attempt to obtaln a fair amount of agree=
ment in the mixture response curves obtained with two different
engines, viz: the B, M. W.132 supercharged engine and the I.G, Test-
Diesel adapted for petrol.

The boost pressure, and not the compreseion ratio, was varied to
obtain the curves.
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TEST OF THE LUBRICATION ABILITY OF R,200 AND R.300

Ref, No.: A.22 ' . Report No.:s 472

Oorigin; 1.G. Oppau _ Author: Halder
Date: - 8/i6/41 Contents: 3 text pages and

2 flgure sheets

H

SURARY -

R,200 and R.300 were tested by comparison with diesel fuel 11

and leaded aviation fuel in four different apparatuses for its
lubrication quality (or wear characteristics), It was shown that
the lubrication ability of R.200 and R. 300 is inferior to that of
diesel fuel II; being about equal to that of the leaded gasoline,

A uniform evslusation of the remainipg three substances is not poss=
ible because of the difference in results in these four apparatuses,
The operation of an injection=pump with R,200 or R, 300 will not

be possible without a specific lubricant, just as with gasvline,
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TESTING THE LUBRICATING ABILITY OF R.200 & R. 300

. TOP SECRLT

Ref, No.: A,22 Report No,: 472 .

Origin: I.G. ' “Author: Halder
Date: 2/16/41
SUMMARY

R,200 and R, 300 were tested in comparison with Diesel fuel II

and leaded gasoline in four different apparatus for testing the
lubricating ability or wear respectively. 1t appeared that the
Jlubricating ability of R.200 and R,300 is lower than that of

Diesel fuel II., It is roughly equal to that of the leaded gas-

oline, A uniform evaluation of the threesremaining fuels on the
basis of the different test results with these four apparatus 1s

not possible, The operation of an injection pump with R.200 or R. 300,
and also with gasoline might not be possible without speclal lub-
rication, o
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LIGHT FACED BRICKS "K" AND “T" OF THE KRISTER
PORCELAIN MANUFACTURING COMPANY OF WALDENBURG, SILESIA

Ref, No,: N=-8 Report No, ¢ 51#
Origin: 1.G. Farben Ludwigshafen Author: W. Schenker
Date: 9/11/42 Contents: 13 pages text,
: ‘ . 4 pages illustrations,
2 tables-

SUiuARY

The light porcelain bridts "K" and "T of the Krister lfg. Co. &t
Waldenburg, Silesie were tested for their suitability as high prese~
ure insulation, The most important test data are as follows: -

X T
Greatest heat conductivity number in  Cal/hm °C, 0,60 0.55
hydrogen at 70 atm, pressure
Porosity ' Vol.% 78 90
Resistance to pressure ' " Kg/sq.cm, 19 13

Coeff, of thermal expansion at 20-50°C ma/mm °C 4x10"0 4x107°

Coeff. of thermal expansion at 120» " " 6x1070 19x10"6
00°¢c '

The heat conductivity of the bricks in hydrogen at pressures below
70 atm. 48 favorable. However at pressures above 70 atm,, the heat
conductivity gives prohibitive high values. Therefore these bricks
shall not be used for pressures of more than 100 atm, The thermal
coefficients of expansion are sufficiently high for K but too high
for T, The different change of -these values with temperature is sur-
prising. The pressure stabilities are rather low,

In order to improve the bricks the total porosity should be decreased
by making single pores smaller and more unitormo
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THE BEHAVIOR OF STARTING FUELS FOR DIESEL
ENGINES WITH INLET MANIFOLD INJECTION

Ref, No.: A.5) e Report No,: 513

- Origin: I.G. Technicel Test Author: H, Lelb -
Establishment, Oppau .

Date: g2k /u2

From tests on starting fuels under cold conditions it was establighed
that the vapor pressure and cetane number together control the start-
ing behavior, high cetens number and high Vapor pressure (low boil-
ing point) being desired, With inlet manifold injection compounds
show improvements in descending order as follows: ethyllsopropyl-
ether, di-ethyl ether, di-isopropyl ether and di-n—propyl ether,

Less effective are the following: methyl-n-butyl ether, ethyl-n-
butyl ether and methyl-iso-butyl ether,
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APPARATUS FOR lirASURING THE
LUBRICATION PROPERTIES AT LIMIT FRICTION

Ref, No,: A.50 | Reports. 512
Origin: 1I.G, Ludwigshafen Author: Helder
Date: g/eefh2 -

- . .'I'
An apparatus is described which permits the measurement, with
less spread (of results), of the friction coefficient at boundary
lubrication. In constructvion, it is very simple, easy to service
and therefore specially sultable for short tesis. The apparatys
allowe rood differentiatlon of individual lubricants and gives
the possibility of investigating the behavior of different kinds
of additives,

(Chain round a cylinder).

.

01l Dzacrintion Viscosity Est,
= 380C, 99%C,
Shell AB 11 Kinexral 01l 14,9 2.19
Red Badn reference oil  Aero engine oil 275 20,46
TZ 900/2 Synthetic lubricating oil 197 15,8
Esgolube Breask in oil - 62,8 8,
Army standard oill Kineral oil 101.9 10.
H.8 Syathetic hyarocarbon oil 60 8,55
H"Es " i} ot . 2)_4_ 03 2302
B, o " i ] 1104 £ 57.3
E.b26 synthetic ester 0.7 6.57
Bone o0il - 207 9.02
Rape 0il .- bLog  10.0
Castor oil - 296.4 20,0
Elaol k4 Synthetic ester 27.05 4,92
LK 2200 Water soluble synthetic
lubricant 116.8 13,9

Additives used:~oleic acid, sulphur product, Aufbkollag "Fischtran',

The idea and .development of this ingtrument was inspired by the
apparatus for measuring oiliness developed by Charron (Publications
Scientifiques et Techniques de linistere de 1‘air),
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APPARATUS FOR MEASURING THE .
LUBRICATION PROPERTIES AT LIMIT FRICTION

(Contd, )

.

The apparatus consists of & polished steel roll 40 mm. in diemeter
and 20 mm, in width, The steel roll in a horizontal position 1s
turned slowly by a motor. Around the roll is attached a breass
chain which ie weighted on one end with a 400 g, weight, while

the other end is comnected to a balance. . The chain is a plain
copper-zinc alloy link chain 12 cm. in length, At an angle of
1800C, 26 links touch the roll for a distance of 63 mm,

A measurement of the friction can be obtained directly from the
balance for a given weight, In this manner various oils can be
compared, '
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ENGINE FUELS

Ref. No,: A. 49 Report No. : 511
Origin: 1.G. Oppau . Author: F. Penrig
bate; - 7/15/4%2
o )
- SUMNARY

~Thle report is a general disoussion of fuels for spari-ignition and
compression-ignition engines and the relation between engine per= .
formance and various properties such as calorific value, volatility,
octane number, ignition quality, etc. It is a summary of well-~
known facts.
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RESEARCH ON FINNED TUBES PART IV-MEASURELENT OF HEAT
TRANSFER IN SPIRAL FINNED TUBES BUILT IN GROUPS

Ref, No.: K-9 ' Report No.: 510

Origin: 1.C. Farben Ludwigshafem Author: G. Kling
‘Date: g/1/42 ' Contents: 6 pages of text

4 pages of 1llustrations

SUMHMARY

'

According to one process develop#d in the main shop at Ludwigehafen,
high pressure tubes are provided with fins by wrapping barrel iron
on the tube on edge and welding it in place. The followlng cor-
struction for tubes of 120/171 mm, diam. were found favorable from
a heat-transfer standpoint: height o1 strap, 50 mm,, width of
.spiral 12 mn,, thickness of fins % mm., In the center between two
pins a sheet metal cylinder is installed as a displacer,

In comparison to the normal fins 270 x %20 mm,, the heat effic-
iency is higher by 14,6%;1in comparison to the rectangular ribs

270 x 300 mm,, which have been found best up to date, the efficiency
is 3% higher. The disadvantage is the higher differentisl of press-
ure which is 86 and 90 percent respectively. The saving of material
of 15 and 10:; respectiively and the decrease of the production cost
of 1/3 to 1/2 is advantageous,
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RESEARCH ON FINNED TUBES PART III
HIGH PRESSURE TUBES WITH RECTANGULAR
WELDED FINS, THE INSTALLATION OF DISPLACERS

Ref, No,: N-10 ' Report No.: 508
Origin: 1.G, Farben Ludwigshafen Author: G. Kling
Date; 1/3/42 : Contents: . 16 pages of text

no pictures

Measurements on high pressure tubes (diameter of 171 x 120 mm) with
welded rectangular right angle fins at a pressure of 325 atmospheres
are disgcussed, Investigated were the "mammoth" fin 380 x 325 mm,
the normal fin 270 x 320 mm, and shortened fin 270 x 300 and 270 x
270, Furthermore the effect of ueing displacers was studied. 1In
the experimental apparatus the heat exchange was measured under the
same conditions as it was cerried out in the preheater, Heat effig-
iency (Q) and the pressure loss &P save at a gas velocity of 8
meters per second the following results:

| o Q I
Hormal fin 270 x 320 ‘ 100% 100%
“mammoth" fin 380 x 325 108% 1127,
Shortened fine 270 x BOO;with 111% 98%
Shortened fins 270 x 270)displaders 112% 186%

The fin 270 x 300 with displacer is therefore the most favorable
considering heat efficiency and pressure loss. The measurement of
the distribution of the fin temperatures and the gas veloclities 1l1l=
ustrates the heat gradient of the fins, especially the sides of the.
fineg,
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SEMI-ANNUAL COMPARATIVY KNOCK TESTS

Ref., No,: 4. U5 _ ‘ Report No,: 507

Origin: I.G. Oppau ‘Author ¢ E. Singer
Date: 6/19/42

SULMARY

This report is on the same lines as A.27, oxcept that 1t stresses
the large deviations from the mean octane number observed with
synthetic fuel 9f. 60 test stations using 61 1,.G, and 33 C.F.R,
engines contribuied to the report,
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AN APPARATUS FOR THE DETRRUINATION
OF METAL ABRASION DURING.LUBRICATIOH

Ref, No:: A.75 - ’ Report No,: 542
Oorigin: I.G, \ Author: Halder
Date: 6/e1/43 -

SUMMARY

1

An apparatus is descrided which permits the measurement of metal
abrasion of lubricated surfaces. It glves good repeatable results,
vhich allows different lubricants to be easily distinguished and
indeed shows certain boundary achtive materials, as, for example,
vegetable oll, to give the greatest metal abrasion., The influence
of different metals is very important, A relation can be found be=
tween metal abrasion and the friction coefflclent, whersupon it can
be concluded in certain 1imits, that higher abrasion leads to a
lower coefficient of friction and vice verss,

("Zinschliff" apparatus)

011s mentioned: BH 4, SS 1006, K 7, S8 906, AEN 3, SS 902 F 25,
castor oil, E 426, LK 2200, M 620, E 515,S ester, E 515 + 10%5ester,
Rape oil, Ice machine oil, Army Standard 0il, * 2% "Autokollag’,

+ 2% Oleic acid, + 2% H 268, Bone oil, L 16, H 140,
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THE USE OF A PRE-CHAMBER WITH THY “RING" SYSTEM

Ref, No,: A, 74 Report No,: 541
Origin: 1,G. Oppaun B Author: H. Leid
Date: 5/15/43 | Contents: 7 text pages and

11 figure sheets
SPMMARX

Tests were made to _improve the knock behavior of the "Ring" syetem
ueing a DB.b001l cytinder with 2 Hirt ante-chamber, several home-made
ante-~chambers, and an ante-~chamber from a K.W.i, diesel engine,
The home-made ante-chambers gave a general increase in the knock
boundary mean effective pressures of f{rom 1w1% atmospheres, and, with
aspirated fuel and air, the same high load was attained as with the
Otto cycle and the "Ring" system with direct injection, In genersal
it was shown that the ante-chamber fulfilled its task only to a
limited extent, while at rich mixtures, due %o lack of oxygen, the
pre=combustion in the chamber was bad. On this account the atiain-
ment of best performance necessitated the pre-setting of the pllot
fuel injection advance, With earlier injection the knock performe
ance was worse, but nevertheless this type of ignition, as {ar as
knock tests are concerned, is superior to the direct method, Fur=
ther tests were needed to show whether, through suitable modific-
ations, the performance at very rich and weak mixtures could be im-
proved to equal direct injection which so far had only been attain-
ed by the llirt ante-chamber,
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EFFICLENGY MEASURELENT OF THZ "HOLE" PUMPS IN OPERATION

Ref, No.,: N~1l Report No, : 540
Origin: . I.G. Farben Ludwigshafen Author: G. Kling
Date: 5/14/43 ' Contents: 9 pages of text
ST o h pages of illustration
1 table
SUMMARY

ieasurements were made on an &)0-mole pump, (Position 1,) and a
©00-mols pump, (position §), in operation in the Oppau plant No. 37
in order to compare the hydraulic behavior of both types. This Te~
port describes experiments and gives data on the amount of the
circulated gas. The results are given as throttling curves on toth
pumps, and as efficiency diagrams. Accordingly the new 600 pump is
superior to the 800 pump in Tegard to iis throughput characteristics
and 1ggo§fficiency (maximum efficiency 60% compared to 57% for

type o
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THE TESTING OF LUBRICANTS IN LABORATORY
APPARATUS WITH REGARD TQ LUBRICATION

Ref, No,: A.70 _ Report No.: 537
Origin: I.G, : Author: R, Halder
Date: 3/8/43 4

SUMMARY

(Lecture, held on the occasion of the sitting of
the Lubricating 011 commission in the Oppau Tech=
nical Test Establishment on 2/26/43)

An apparatus is déscribed which has been found useful for the test-
ing of lubrication behavior in the Oppau establishment,

The apparatus for measuring the friction coefficient at limit
friction leads %o 8 satisfactory agreement in the evaluation of
lubricants, In wear measurement the results are largely dependent
on the working ratio, the temperature and the surface roughness,
thereby a uniform evaluation with regard to wear behavior of lub-
ricant 18 very difficult to obtain., In & series of esxters a re=
lation can be found, under certain conditlons bebtween the friction
coefficient and wear, Accordingly, a given oil may give low wear
and a high friction coefficient and vice versa,

For testing extreme pressure lubricants the Four Ball machine and

the Alme Wieland machine were used. Wlih these apparaius the pro-
cees of seizure is followed. This test on both machinee leads %o

contradictory results,

0ils used: BH 4, sS 1006, ¥ 7, §S 906, AZM 3, SS 902, F 25, Castor
oil, E 426, LK 2200, I 620, E 515, S—-ester, E 515 + 10% S ester,
Rape o0il, SS 970 R, Army winter gear oll, Gargoyle motor oil, + 0.5%
benzoic acid, TP 57, + 5% 8 product T, + 2% CCl;, + 10% oleic acld,
S8 970 HH S 2.0, '
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THZ DEVELOPKZNT OF A GLOWING MATERIAL TO
GIVE A SVALL HEAT-OLTPUT OVER & LONG PERIOD

Ref. No,: A.69 Report No,: 536

Origing 1.G. Oppau Author;
Date: . 3/1/43 ‘Contents: 19 text pages
‘ 3 tables
SUMMARY

‘

A glowing material was developed, using as a base coke from the
distillation of Bruxer lignite (brown coal). The materials added
were readily available in laxge guantities. The composition given
'is as followsie '

Coke from Bruxer Lignite -84 parts.
Rhenish Lignite g

. Potassium nitrate I
Paper-weste (disintegrated) 2

n
u
1]

mixed with 4
Sodium sulphite 507 noln,

The material can be briquetted cold and pressed into any ghape
desired, By regulation of the air supply burning time can be gon=
trolled within wide limits (up to 12 hours) with & uniform heat
output, The briquets buran without emoke or flame and during combust=
ion are surrounded by & layer of ash, serving materially to reduce
any fire-risk,

The small heat output over allong period makes the brigquets useful
for keeping accumulators and other equipment warm, The chief ad~
vantages over ordinary wick-lamps arei~

1. Smaller fire-risk, as there is no naked flame,
2, Insensitivity to draughts and changes of positiom,
3, Burning takes place without smoke or smell,
4

°

No attention is required once the material has been ignited.
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HEAT TRANSFER-EZXPERIXENTS IN A HIGH PRESSURE PLANT FOR
CATALYTIC POLYMERIZATION OF OLEFIN CONTAINING LIQUID GASES

I: DESCRIPTION OF.THE PLANT AND
OF THE FIRST EXPERIMENTAL RESULTS

Ref. WNo,: N=12 . Report No.: 531
Origin: I,G. Farben Ludwigshafen Author: = G, Kling“
Date: 3/15/43 Contents: 23 text.pages
- . o 10 pages illustrations
2 tables )
SUMMARY

*

The construction and design of & plant is described which makes
possible the exact observation of the heat-transfer characteristios
of catalytic reactions at pressures up to 200 atm, and temperatures
up fo 2500¢C,

Preliminary test resulte are given for the polymerization of olefin=
contalining liquld gases. The heat of formation of the polymer of
n-butylene was found to be 240 cal., per kg. FOr propylene this value
vas 375 cal., per kg, These values were obbtained from an exact heat
balance of the plant. If the degree.of polymerization of both mater-
lals is considered, the heat oif recaction was approximately 160 cal,
per double bond from either material, :

Furthermore the distribution of heat in the contact zone was re-
corded and the heat transfer was recorded, The nature of the product
mixture from liquid gas and gasoline at higher than critical presures
1e discussed from a theoretical standpoint. There can only be &
purely gaseous or purely liquid state, There may be no mized phase,
therefore the separation of gasoline cannot take place,
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AN INVESTIGATION OF VARIOUS MATERIALS WITH RESPECT.TO
THEIR SUITABILITY AS COOLANTS FOR LIQUID-COOLED ENGINES

Ref, No,: 4,63 Report No.: 528
Origin: I.G, Oppau Author: W. Lauer
Date:s 1/4/43 -

SUMMARY

An experimental investigation has been carried out using a Daimlere-
Benz motor, and also an Adler 1,8 litre experimental engine, The
liquids chosen for the tests, on the grounds of their suitable
physical properties were glycol, G.A.<glycol (i.e. glycol-ether blend
with the base HOCoHyOCpH5), ethyltriglycol (CoHgOCpHLOCoHYOH), diesel
0oil, a paraffin gas o0il,”and water as a comparibon, ‘

- The results indicate that for thermally stable coolants the im=
portant factors are thermal conductivity of the coolant and correct
design of the cooling system. The use gf glycol 1s feasible in a
correctly designed system, bul the use of gas oll is discouraged on
account of the tendency to form insolubles,
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PROPERTIES OF "GLYSANTIN"<WATER IXTURES

Ref. Ho.: A.60 Report Ko.: ©2hH
Origin: 1.C, Oppau Author: br. H. Roth
Date:  3/18/43

SUMIARY

In connection with the operation of motor vehicles under winter cone
ditions an investigatlon has been carried out into the crystall=
isation curves, crystal sitructure/and chapges in volume of watere
"Glysantin® miztures on freegzing, "CGlysaniin® deing commercial
ethylene glycol plus a corrgsion.inhibvitor,

In general it i3 concluded that solutions of "Glysantin® in water
give a "mushy" mixture of crystalg and solution on freezing, so that
even 1f freezing should occur damage to the motor is unlikely,

Under conditions of a low rase of cooling, 2 high viscosily and a
small number of nuclel, ice crystals may be formed of sufficlient

size to interfere with circulation or possibly damage the circulating
pump, consequently under these conditions care must bg sxerclissd in
starting up a cold engine,

The effect of adding "Glysantin® to water conteining “Akorol®, a
commerclial corrcosion inhiblitor, haz also been Investigated. It was
found that a small amount of sludge wag produced by chemlcal reaction,
but not in sufficient quantiiy to be hazmiul, The chemlcal conpos=
Jtion of "Akorol" 4s not stai=d., Physical characteristics of pure
ethylene glycol have alzo bheen determinzd,

Graphs and tableg showing the exparimenisl Tesults are interspersed
throughout the report and there is alsc a photograph showing the

5 + 01 4 . 1 A
crygtal siructinres doveloped,



INVubTIGATI N8 OF "KNOCK WITH ALKYLe-
BENZOLS IN B.HM. i, 132 SUPERCHARGED ENGINE

Ref. No.: 4.59 Report No.: 524
Origin: I.G. Oppan Author: Bahr
Date: 11/21/42

SUMHARY

This paper deals with the variation of knock characterietica of
alkyl-benzols With .

(a) difierent methods of synihesis (catalysts, etc.)
(b) boiling properties -
c) chemical constitutior, '

the results arrived at can be summarized as followss

(1) of those alkyl-benzols where sulphuric acid was used as
the catalyst the 1so-compounds show better knock char=
- acteristics than the n-compounds. 1In the case of alum=
inum being used se the catalyst the opposite applies,

(2) in the series mono- to tetraméthyl benzol, di-ethyl
benzol has the best churacteristics, but with propyl-
benzole, tril-propyl benzol has the best properties.

(3) with the exception of ethyl and propyl benzols increase
in the number of C-atoms means deterioration in knock
properties,



Fuel

n=Butyl benzol

1-Butyl benzol
n-Dibutyl benzol

Hexyl benzol

Octyl benzol

Ethyl propyl benzol
Ethyl n-butyl benzol
Ethyl dipropyl benzol
Ethyl di n=butyl benzol
Diethyl propyl benzol
Diethyl n-butyl benrol
Diethyl i-butyl benzol
Diethyl di n-butyl benzol
Diethyl di i-butyl benzol
Propyl n-butyl bvenzol
Propyl i-butyl benzol
Propyl di n=butyl benzol
Propyl di i-buiyl benzol
Dipropyl n-butyl benzol
Dipropyl i-butyl benzol
n=-Butyl 1-butyl benzol
i=Buiyl n-butyl bhenzol

1=Butyl di n=butyl benzol

n-~Butyl di i-butyl benzol

Ethyl benzol

Diethyl benzol
Triethyl benzol
Tetraoethyl benzol
Tetraethyl benzol
Tetraethyl benzol
Propyl benzol
Dipropyl benzol
Tripropyl benzol
Tripropyl benzol
Tetrapropyl benzol
n-gutyl benzol
i-Butyl benzol

D1 n-butyl benzol

Di i-butyl benzol

D1 i-butyl benzol
Tri i-butyl benrol
Hexyl Benrol

Octyl benrol

"Ethyl propyl benzol
Ethyl i=butyl benzol
Ethyl di i<butyl benzol
Propyl n~butyl benzol

@ggn

Boiling Rance Fotor O.N. pe (Atm,) Tands

170200
150-200
200-250

210=215

240=250

140=237

200=250
220@262
27302

200”210
210=260
200=250
260-300
2h0=350
200=267
200230
250-200
220280
250-300
220-280
220-260
210-250

250~-30
20-303

Catalyser

130~140
170-182
210-220
- 220~280
280-320
190+320

for:tbe

155=165 -

186210

22527
2302
260-280
170-175
165-165
220-260
200-240
240-280
280-320
200220
230-250
150220
160-200
180-240
200-255

91.2

90.4 -

92.8
86,0
7§°§
91,

89.6
29.6
87.4
90.1
87og
90,

86.2
85, 2
93.9
95.0
&9.8
89.4
89.9
92,32
92,6
92.3
89,6
88,5

above: -

20.0
92,2
89.0
£2,8
81,0
81,9
92.8
94,2
98. 3
96.8
93.6
9298
92;1
94 2
88,0
84,5

83.0

6.5
32:2
90.8

90.6
93.6
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Fuel Boiling Range lotor O.N., pe (atm.) Tansf
Propyl i-=butyl benzol 170=220 91,8 8.7 0,745
Propyl di n-butyl benzol 165-266 95.4 10.4 0,983
Propyl di i=butyl benzol 200-270 89,0 7.9 0.550
Dipropyl di n=butyl benzol 195-287 93,0 8.0 1.03%2
Dipropyl n-butyl benzol 230256 96,2 . 9,9 -2.572'
Dipropyl i=butyl benrol 200=270 92,3 8,2 1.%
n-Butyl i-butyl benzol 220=265 90.1 8.1. 0,63
~ 1-Butyl n-butyl benzoi 220~-270 91.8 8,9 0.75
i~Butyl di n-butyl benzol 250-305 90.9 5.3 0,200

Catalyser for the above:»AlGlB

pe ls the minimum m.e.p, on the mixture response curve,

A 1s the angle bhetween the air ratlo axis and the line
Joining the two poinis on the mixture response curve,
corresponding to pe and to the pressure at an air ratio
of 0.25 less than that at pe,
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AN INSTRUMENT, BASED ON THZ CARRIFR WAVE
PRINCIPLE, FOR TH% WFASURENINT OF (SWALL RAPID) HOVRMENTS

Ref, No.: A.58 Report Xo.: 523
Origin: 1.6, Oﬁpau : Author: Dx. Schuch
Date: 10/20/42 Contents: 21 text pages

7 sheets dilagrams
SUMIAARY

An apparatus is described for the measurement of small, rapldly
fluctuating movements, especially those cccurring in the needle-
stfoke (Nadelhub) of injectors. The motion is reproduced on the
screen of a cathode-ray itube. The apparatus was tested using cale
ibrating equipment and found to be suitable for measuring the size
and durailion of the movemenits undar consideration. The best work=
ing conditions were found using purely static measurements.

In the case mentioned (needle-stroke) the greatest deflection of
the ray for & movement of 0.1 mm., was about 40 mm,

Experiments varying both injector and guantity injected showed
that under certain conditiones the needle vibrates strongly.

Further photographs show the dependence of the stroke period of
2 hole~injector (Lochduse) on the r.p.m., the injection quantity
Temaining constant,

Finally more photographs of stroke changes with the corresponding
pressure changes show that no rellable predictlon of one from the
other can be made.
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TESTING LUBRICANTS BY MFAKS OF WEAR MEASUREZZNT

Ref, No,: A,56
origing I.G.
Date: 1/5/43

Report No.: 518
Aunthor: Halder

‘SECRET

SUMIARY

\

An apparatﬁsfis descrived that permits wear measurement by recipe

rocating motion,

A series of lubricants vere investigated, whereby

the influence of test duration, load, temperature, the bearing
materials, and the roughness of the rubbing surfaces were shown of

lmportance,

A varigtion of these test conditions gives in many

cages concurrently, a variation in the relative evaluation of the
lubricants, so that a uniform evaluation appears very difficult,

011
Red Band No, 723
" ¥ . reference oil
Aymy Standard oil
TZ 900/5
TZ 900/2
Aeroshell medium
Aero W
P, 174
88 902 F 25
WIFQ Sgandaxrd 011
Essolube Brealk=in oil
LK 2200

Rape oil (refined)
Ice machine oil, red
H,8

H.426
E. 515

(Wear sachine)

Viscoslty in Cat

Description 38° 990 V.1,
Aero engine oil ay7e 21.9 100
" i i 257a 7 19‘01_!_ 89
Auto engine oil 101.9  10.4 81
Synthetic lubricant 742 38,7 95
" [0} 197 1508 85
Aero engine 0il 276 18,2 75
» ¢ " 26,2 17.6 81
Synthetic engine oil 207 el.7 120
t L] n lelcg 15L5 125
Auto engine oil 120,00 11.5 gl
" " " V 62.8 - 8.9 112
Synthetic lubricant -
water soluble - 116,8 13,9 11
- _ by, 8 10.0 15
- 16,3 3.2 =150
Synthetic hydrocarbon
oil 60 8,55 110
synthetic ester oil 50.7 6027 63
" [t} [ 1505 39 3 20

T2 900/5 + 2% and 10% Oleic acid, Red Band 723 + 10% Olelc acid
T% 900/5 oxidized, *+ 0.01% S, TZ 900/5 *+ TZ 900/5 oxidized,

TZ 900/5 + 0.5% 0.1% and 0.01% S, Red Band, + 0.2%, 0.05% and
0.01% S Product SS 902 Fu 25.
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EXPERIMENTS W. TH_THE PHOTO-CELL TIME SWEEP APPARATUS OF DR. NIER

Ref. No,: A, B -~ Report No.: 516

Origin: I.G. OEpau Author: Dr, Scbuch
Date: 10/: /42 . Contents: 8 pages + 9 gheets

text diagrams

SUMMARY

A shor% descr ption is given of the mode of action of the photo=
coll time swe p apparatus, Its purpose is to produce stationary
combustion diugrams on the screen of a cathode ray tube,

The usefulness of the apparatus is discussed with reference to the
voltage-time curves. The size of the aperture between the light=
source and the photo-cell is found to have a critical effect on
the curves produced, )

The reaszon for %he divergence between the theoretical curves and
those obtained in practice is found to be the difficulty in obtain-
ing even 1llumination of the slit through which light passes to -
the photo=cell,

A disadvantage of the apparatus is that, up to the date of publice
ation, 30 watts at 6 volts, direct current was required for the
light-gource,
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ON A METHOD FOR INVESTIGATING FLAME
PROPAGATION IN INTERNAL COHBUSTION ENGINES

Ref, No.: Ao53. Report No,: 515
Origin: I.(:. Oppau Muthor: E, Schuch
Dates 9/25/42

SUMMARY

Flame propagatlon in an epngine cylinder was followed by the
lonisation gap method, Mundamentally simlilar to that of Schnauifer,
but using a cathode ray tube £6r the purposes of recording,
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THE PROCEDURE FOR THE DETERMINATION
OF OCTANE NULBERS ACCORDING TO THE QPPAU METHOD

Ref. No.: N-13 'Report No,: 489
Origin: I.G.Farben Ludwigshafen  Author:. E, Singer
Date: 1/22/42 Contents: . 16 pagee of text

By adding additional equipment to the I1.G., testing motor aviation
gasolines may be tested by the Oppau method. The additional equip=
ment and the method of carrying out of the determination are des=
cribed. For the evaluetion of the resulis, reference is made to
Report {490, :
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OBSERVATIONS ON WEAR AND FRICTION TESTS

Ref. MNo,: A.99 Report No,: 574
Origin: I.G, Author: Halder
Date: 8/5 4k

SULIARY

(Lecture, given on 9/13/4l4 before the Lubricating Technique
working Group of the Technical Committee for machine (engine)
meterials of the V.D. I, :

On the basie of testa of metal abrasion it will be already known that
not only does the sbrasion vary with the roughness of the metal, but
that also it may ceuse & shifting in the relative rating of the
lubricants., TFurthermore, it was shown that a relaiion exlsts between
metal abrasion and geizure. The greater the metal abrasion the less
the tendency to selzure.

Tests with lubrication additives in motor oils show that the relation
beiween practice and experiments in test apparatus is satisfactory
only under certain conditions., Gcod agreement can only be obtained by
using approximately the same bearing meterials and the stated pract-
ical temperatures. :

(Reeults are glven of tests on pieton ring wear in the BM¥ 132 Single
Cylinder engine and of tesie of the same lubricanie or four labor=
atory machines. The best correlatlion is with the Four Ball machine.
For bearing wear corrglation is nct good with any machine),
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INVESTIGATION OF THE PUMPABILITY OF HOTOR QILS

- Ref, No,: 4.97 i Report No,: 572
Origin: 1I.G, : Author: Halder
Date: 7/20 /4% ,

SUMMARY

Pump tests with 10 different motor oils were carried out under
conditions, which corresponded closely to the behavior in cold en=
gines. They lead %o the result, that the quantity pumped out from
a container in a certain length of time 1s largely dependent on the
setting point. The influence of the exirapolated viscosity is not
established. Tests on the speed with which the pumped oil flows
back in the pump allows nelther a relation with the setting polnt
nor with the extrapolated viscosity to be detected. A relation be=
tween practical behavior and the viscosity can be formulated if
instead of the extrapolated viscosity, the measured viscoslity at
low temperatures is ueed: however the viscosity measurements must
be carried out at various rates of shear. (Use the Schweiger
vigcometer),

(Physical tests of oils used (knovm only by numbers) given in test)
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THE PRACTICAL LUBRICATION INVESTIG-
ATION OF ELEVEN AVIATION ENGINE OILS

Ref. No,: A,9H , Report No.: 567
Origin: I.G, Authors Halder
Date: - % /20 /44 "

SULBARY

- This report deals with tests of eleven oills (aero engine) on five

different. test machines. The olls usced are divided into three
groups - group I and II are natural and synthetic oils and group
III oils (probably natural and synthetic) with lubrication addit-
ives (names not given), X

Viscoslties and V,Is oi these 0ilgs are given - one mixture is called .
"Running~in oil". The metals used are steel, "Aeterna VL22",

light metal "Lahle 124 vergutet® and "unvergucet", Fe/steel, Cu/eteels
Al/steel, Brars/steel, red brass, cast iron and lead bronze.

It is concluded that 1t is not possible to rate all bhearing pairs
in a eequence, but 11 one chooses one pariicular pair of metals, 1t
i1s possible %o rate the oils,

01ls used: 88 607, SS 707, SSE07, SS903, $8960, Li.P. 0il, Red Band
D, 838 1593, Synthetic Running-in o0il, ASY, SS 960 + 2% KSF
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THE FALEX OIL TESTER IN COMPARISON WITH THE
FOUR BALL MACHINE AND THE ALMEN-WIELAND MACHINE

Ref., No,: A.91 Report No.: 562
Origin: 1.6, Author: Halder
Dates. 2/1/44

SUMBARY

The Falex oil tester is ap apparatue for testing extreme pressure
lubricants, The test conditions employed are milder than those of
the Four Bell machine but somewhst more severe then those of the
Almen-Wieland machine. ' The test conditions given in the insirucie
ions sgsume that the lubricanis show at least certalin extreme press=
ure properties. Two Turther test methods beside the original. one

. were used experimentally, the laet enabling each lubricant to be
tested., The results with this are simllar %o those obtained with
the Almen Wieland machine, but are in conirast to those of the Four
Ball machine. The test pleces of the last apparatus being more
closely related to the materiale used for gear wheels coupled with
the results obtained give due preforence to the Four Ball machine,

0ile used: Valvoline llypold gear oll
Veedol Hypoid gear oil
Army Standard 011 + 109 flevlega a 50
Army Gear Cil Yinver
Red Band Reference 01l
Rape 011l
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(1) SEMI-ANNUAL COMPARATIVE TESTS,
(2) VAPOR PRESSURE DETFRuINATION BY
UEANS OF REID BOYB (TREIBSTOFFWERK RHEINOREUSSEN)

Ref. No.: 4.90 - “"  Report No.: 558 -

Origin: Joint Report I.G. Oppau . Authors: ' E, Singer and

and Treibstoffwerk Rheinpreussen W.- Dannefelser
Date: 12/1/43 ‘ .

SUHHARY

The comparative tests were‘carried out by 61 test ‘8tations yielding:

233 reseaxrch method determinations
752 motor
30 1 1] 1] . L]

using cooling temperature of 1U0CC. Again the largest inaccuracles
cccur in the case of synthetic benzenes where a varlation between
extreme values of 11.1 (Motor) octane number is recorded. Reduction
. in coollng temperature leads tec an increase in octane number of
approxim&te‘v a

In the 2nd purt of the report various types of errors encountered
with the Reid bomb are discussed e.g.

(1) inaccurate measurement of temperature of air chambern
(2) lbakagvt
(3) faulty manoneter readings.
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HETHANOL AS A HOTOR FUEL

Ref, Fo.: N-14 Report No.: 557
Origin: I,G. Farben Ludwigshafen Author: Penzig
Date: 1/3/88 . - Contents: 12 pages of text snd
: 1 appendix ’

131 pages of illustratidna

SUARY

The summary is illegible, Parts of the general text are legible
and deal with a study of the general qualities ot methanol as &
motor fuel such as explosion gqualities, corrosion, solubility, and
effects on the spark plugs in different motors. A number of refe
erences are given, ' o o
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UEASUREMENT OF CHANGE.OF POSITION, OR LIGUID
LEVEL BY THE USE OF aN INDUCTION INSTRUMENT

Ref. No,: A,8&3 Report No,: 549

Origin: -~ 1.G. Oppau Author: Dr. Sohuch
Date: 9/20/43 Contents: 18 text sheets
’ SUMIARY

& short survey is given of the better known4induction instruments
and their principal uses, e.g. determining liquid levels.

A new arrangement is then discussed, using 3 coils with the usual
movable iron core, The three coils are arranged coaxially and the
iron core nlters its position following the difference in level,
etc., to be measured. ' The middle coil carries an al ternating cur~
rent and the induced currents in the two other coils vary with the
position of ‘the iron core. This induced current is utilized to
make the required measurements of change in position,

To obtain a linear relationship between core-movement and the elece
trical meagurement it is found best to arrange the circuit to show
the difference in the two induced currents by connecting the two
outer coils in opposition,



LUBRICANT TESTIRG BY {RANS OF WEAR LIUASUREMENT

Ref. No,: A.8&2 ‘ Report Ho.: 548
Origin: I.G, Authoz: R. Halder
Date: 6/29/43 <

(Lecture, delivered on- June 29, 1943, vefore the "Lub-
rication Technlgue" VYorking Group of the Technical ‘
Commitiee for machine (engine) materials of the V.D.I1,)

8UiARY

1t was shown, that the evaluation of a lubricant by means of wear
measurement 1s clogely dependent on the bearing materials. A

“ variation of the pearing materials pairs can bring about an im-
portant displacement of the relative rating of the lubricants.

It is difficult to differentiate between the continuous metal
abrasion and the wear by seirzure (corrosion)., It avpears that
high metal abrasion gives a certaln safety against the destruct-
ion of the surface by metal pariicles formed by seirure, On these
grounds metal abrasion is, t0 a certain extent, to be valued as
favorable, ‘

2, F 25,

Uile mentioned: Bil %, $$ 1006, X 7, SS 906, AWA 3, 88 902, F 2
15 + 105

Castor oil, E 426, LK 2200, 14 62C, © 515, S-ester, E 5
S ester, Rape o0il, Bene oil, :



m73.s

THE "KYBOL VALUE" AND ITS ESTLATION

Ref, No,: A.&1 ' _ Report No,: 547 -
Origins I.G. Oppaun Authors: Witschakowski

Dates 7/1/83 ' Schutze
‘ : ‘. Contents: 5 text pages and
13 diagram sheets

SULNARY

A varlety of benzines and homologous organic compeunds were in-
vestigated from the viewpoint of improvement of the verload knogk= -
ing behavior on the addition of 407 vol. Kybol (techn, diethyl-
benzene), Thie seneitivity of fuels to the addition of technical
diethyl benrene was designated the "Kybol value", k and the follow=
ing formula developed;-

k= Poegyyp - - <] Pme.

where: Pmemin is the minimum on the knocking boundary
curve of the fuel tested (without
addition of Kybol)

=) Pme the improvement in mean effective press=
ure (vol. of Kybol) of the fuel on &dd-
ition of U0y, - ‘

fccording to the valuesbfound, di-1sopropyl ether and 1sd—octane
have a high "Kybol gsensitivity", whereas n-heptane is low in seng~
itivity. '

Comparison of the Kybol values wiith the octane numbere {engine
~ determined) shows no agreement in the order of the values,

In general, it is not possible to find a cloge agreement of the
Kybol value with the lead senszitivity of a fuel,
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, INVESTIGATIOﬂ OF THF CRITICAL STATE OF A MULTI-COHPONENT LiIXTURE

Ref. Wo,: A.78 : Repozt No,: 546

Origin: = I.G. Oppaun Author: G. Kling
Date: 7/1/43 3
: ‘
SUMLARY

The report describes the laboratory determination of the critical
state of the residusl gas from a high pressure polymerisation pro-
cess (200 atmospheres) using a butane/ﬁutylene.feedo

A diagram of the apparatus is shown on sheet 1 and graphs of the
results are shown on sheets 2, 4, and 5, The appearance of the
meniscus in the capillary tube used is shown for various conditions
on gheet 3,

The report does not szem to be of general interest, although the
laboratory technique might prove of value to anyone undertaking
similar work,
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ETHERS-OF HIGH CETANE NUMXBER

Ref. No.: A.77 - Report No.: 544

Origin: I.G, Oppau Author: Dr, Roth

Date: /15/ Contents: & text pages
. 8 tables

1 figure sheet
SULLARY

dhereas ethers from two secondary 8lcohols or from a primary and

a tertlary alcohol have high octane numbers, ethers from two prim=
ary alcohols or from a primary and a secondary have high cetane
numbers, Hultivalent ethers of the primary=primary type have
exceptionally high cetane numbers of 130-200, In comparison the
values of acetals as carbonyl~derivatives are low. The influence

of double bonds, ring formation and the introduction of other

groupse are indicated. Further mono-valent thioethers, which possess
cetane numbers as high as the oxyaethers, and other sulnhur come
pounde arg discussed.

COMIENTS

- Tables are presented glving the cetans number and octane number of
various classes of oxy—ethers, . The former sre based on Egloff,
1,I,PT. 1937. 23, b57. The influence of other groups present in
the molecule on cetane and octane numbers aoes not give any note=
worthy information. The theory of the eifectiveness ol ethers 1is
considered to be complicated and is not merely due to the ease with
which the ether forms a peroxide, Reference is made to Townsend's
work on the ignition of mixtures of air and diethylether, and of
air and di=iso-propylether,
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INVESTIGATIONS CN FIKNED TUBES., PART V,
LEASURING OF THE HEAT TRANSFFR OF A PIECE OF
HAIRPIN TUBE AFTER TWO YZARS OF OPERATION,
HEAT CONDUCTIVITY OF THE CRUST., INFLUENCE
OF THE FINNING ON THE LEASURZWENT OF THE

WALL TEMPERATURE

Ref, No.: N-1l Report No.: 543

Origin: I.G. Farben Ludwigshafen ~Author: G, Kling

Dates ‘ Contenis: 8 text pages
& pages of tllustration
1 table

5y

A plece of finned tube cut from the hairpin tuke G72, which had been
used in a gae preheater in Gelsenberg for 1540 hours, was studied
for heat transfer. The crust was firmly atteched to the heater in a
thickness of 8 mm, and decreased the heat transfer about one-half,

The part of the heat reszistance of the crust on the total heat through-
put had become so great that the fionning of the hairpin tube had only
little influence on the hea’ transfer.  With sliding thermo elements
the tempsratures were measured in the walls of the uigh preseure tubes,
The lose of temperature was determined in pleces of tubes without
finning. The error in temperature measurement plotted in the curve

is dependent on the number of missing fins, After several determ-
inations the heat conductivity of the crust was found as

3,9 cal., per meter per hour per degree centigrade.





