FD28 o S
6.0 sfs o REAE

OPPAU REPORT NO. 471 , S
COMPARATIVE TESTS WITH AERO-ENGINE LUBRICANTS

MIXTUBES A -F

. bz Lauer “

SUMMARY.

A serles of 1ubrlcant blends;*made from’ synthetlc

:;components produced  at Leuna and a mineral oil. component of

*the Deutsche Vacuum:-0il Gesellschaft were tested with and -

- without-additives in zn engine.. 'All the oils tested—behaved

better as regards ring-sticking than the reference lubricant,

Rotring D. . The addltlon of an inhibitor caused a further

. 8light 1mprovement in ‘the new oils, whilst 1n regenerated 01ls
of the Same blends thls produced no. effect.
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I.‘_ OBJECT OF THE TESTS.__

L Varlous blends, made in collaboratlon.muth the Ammonlak-.~
werk, Merseburg -G.m.b.H. and Intava Hamburg, of the synthetic
' 1ubr1cant 5S.906 from Merseburg and a mineral oil component of
Intava, were tested by both firms for performance in the engine,-
particularly deposit formation, énd the opinions formed in the
. two cases were d1vergent.-w—00n31der1ng the importance of a N
true assessment, in view of the possibility of production on a
large scale, the test runs were made 1n‘the form of comparatlve
«,tests at'-, - _ .

Travemﬂnde Testlng Laborator;esm
~ The Intava Testing Laboratories
Technlcal Laboratorles Oppau of I. G

The effect of the inhibitor in SS. 906 Was spe01ally observed,
-+ and comparlson made ‘with Rotrlng D. - ‘
\ .\ - B -
. To make the test as obgectlve as poss1b1e, thc 6 1ubrlcants
were delivered to the indi-vidual testing laboratories under the

. cover names A to F, all of them having been.manufactured by the
. . Ssame process. ‘ _ . '

' The~koy ‘to” the cover namos, Whlch was made known after the
~test, was -as follows--

/- A= S8.970 r = (S8, 906 r from Leuna + component 7 of
- _;rn»Intava)jmechanlcally stirred.
~B'= 88,970 = (s8. 906 from Lewna + component 7) mixed by
p = 58.870 r = (SS 906 r from- Leuna + component7) mixed
- by air. -
. 0= 88,970 r = (ss. 906 +.r 1nh1b1tor + component 7 stored
.. and. regenerated-at Neuburg) mechanically stirred.. .
P = 8S.970 = (.5S.906 + component. 7 stored and regenerated'
. at Neuburg) mixed -by air. - =
B = 88,970 r = (SS,906:+ r inhibitor + conmonent 7 stored‘
T and regenerated at Neuburg\ mlxed by air..
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,QII TEST METHOD.

The 1ubr1cants were: tested by the: rlng-stlcklng process
,“under the usual conditions. (cf..report No.425 of Technical .
-Laborator;es Oppau) in a BMW.132N - slnglé cyllnder with petrol
‘injection, - The engine test condltlons a¥e shown in plates
72 to 15. _ The follow1ng COHGLtIGnS were also observed*- '
ﬁIgnltlon advance_l,54° crank angle ‘before t. d.c.‘“f""”—_'~f
“The ggs" row-by past—therings-was- determlned ------ by measuring

the St?tlc pressure (w1thout determlnlng ﬁhe absolute volume
of gas).
,,Theg01l oonsumptlon was” calculaxed hourly from the volume
requlred to- brlng the level up to normal.u SR :

; Since running tlme depends a great deal on the cyllnders
and ‘pistons which are used, all the tests were 'made with the—
. same cylinder, and piston. When-the runs were repeated, a new
.piston had to be fltted, with which the runnlng times were ;
oons1derably-shorter. ~ “An indirect comparison between the
running times in the two series is poss1b1e if they are-
reckoned as a percentage of the rumning times for Rotring, -
which are from 6 to 8 hours. =, The phys1oo-chem1qal 1nvestrga—
~‘tion of new and used oils, which was carried out in connectioci”
- with the engine tests, was made with samples taken after'l, 3,

5 and- 7‘hours, and—a%svhe oonolus1on of the test.»;

‘ ‘The strlp 1nspect10n 1ncluded the determlnatlon of rlng- :
wear and combustion deposits. The deposlt on the plston top :
.(1ncludes that on . the plston top land. _ o
L' , The rlng play glven—as the average of measurements made at
;8 p01nts. B s , :

I _TEST 3 RESULTS,.

; The test results ‘are glven oomprehens1vely at the end of _
- the report, and cover the follow1ng e .

Running tlmes - lst series: : ) Plate 1.
Test conditions, observations on dlsmantllng, ' :
and state of the rings, . ... ... . . Series 1 v 2 415
0il consumptions ‘ " "noom16 -.18
~ Variation of gas blow-by, and control R C
 temperature, . oo 39 - 21
- Deposit formation and wear on r1ngs, oo o 92423
. Analysis of and tests on new oils, = " noon 24" . 29
" Properties of the used oils, and ' ' B
ohanges in- propertles,.' R woon 30 - 43
*,Runnlng times - 2nd series: . - "o44
Test condltlons, strlp 1nspectlons, - ;
condition of rings, _ : "2 "™ o45 - 58
- 0il consumptions, = S neoooon " 59 - 6l
Depos1t formatlon and Wear on. rlngs, L .}~ R . . 3

- a) . Englne Test.v

Plate 1 shows ﬁhe running times of. the flrst series of
tests. -, Oils A, B, C and P have praotloally the same runnlng
“time, averaging 15i hours, compared with the 8 hours of Rotring

- D. Only E, ‘and in a less degree D, vary, with 112 and 13 hours
: respectlvely.' The observations: on dismantling’ and the condi-
+ tion of the rings.are the same for all the oils. - The deposit

‘_-measurements, whether considered as a total or in ‘grammes per . ;

~ hour (plates 22 - 23) are practicakly the same for all the oils, -
-and the 011 consumptlons (plates 16 - 18) do not reveal such :
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dlfferences as would explalnkthe shorter runnlng tlmes of E

A series ot check tests (plates 44 - 58) 4n Whlch, a8
stated, Rotrlng D had a rTunning time of only. 6 hours.- & - :
result of the different- behaylour .of the 1nd1v1dual plstons,

‘which reveals itself in the higher oil consumptlon in . these
runs. - gave similar results. If these running times are '
altered. in the same ratio as that-existing between the times
,fox'Rotrlng, so as to corresnond to Series-1, then: the running
©times are practlcally the same for.oils A, D and B, while oils
~B, C and F are shorter by 1% to 3 hours,: -—0il- consumptlon_and.
the gtrip 1n§pect10n-agaln_do not prov1de any clues for the .
Wdlfferences. } : ,Wn,_w_, _ Sy

As regards rlng wear which, experlence shows, does not
give a-clear picture of the wear-inhibiting effects of a
Tubricant in runs which are continued up to rlng-stlcklng, the‘
differences in the o0ils are striking, but when they are com- . -
pared with the values of Series II they prove, as expected, to
- be due to experlmental variations. = ] _

.N:*b) Phy81co-chemlcal test. . "m;nf*-

I s

: A comparlson of the- propertles of the new 0ils shows that
“Aand D have low saponification numbers, and that all have-low-
values for the carbon value compared with Rotring D. In the
first case, no connectlon can be establlshed between these .
values and the running time; but. the carbon residue, which
. for Rotring is twice that for'the test oils, agrees fairly -
well with the ratlo ofxzﬁe runnlng times math Rotrlng and the
test 0113.' L _ ‘ . ..

- In the Indiana Ox1datlon tests 011 A is partlcularly note-
Worthy, ‘although the high asphalt content - conflrmed by a
*check test - needs explalnlngqv“-.r :

There are no great dlfferences in:-the propertles of the
used oils.  Where there are differences, as in the asphalt
content of oils C and P, these bear no relationship to the
running tlmes.' There are slight differences in the carbon
contents of the oils. An examination of the curves shows
that here again the differences. are due to inaccuracies of
analytlcal ‘measurement, and there is again no connectlon with
the runnlng times. . v

IV, CONCLUSIONS.

. Comparlng all the resuIts w1th the comp051t10n of the
1nd;z;@galA01ls, in accordance with thc key on page 1, the
follow1ng facts. cmerge' .

The r-addltlve .appears_to be: effectlve when mlxed w1th -

Leuna SS. 906, as judged from the running times in both series

“of tests.” The manner of mixing, whether by air or mechanical
stirring, makes no difference to the running. tlme._ .There is.
no improvement when the r-additive is mixed with regenerated
Neuburg SS.906. This result agrees with the results of
‘earlier . tests, in which the addition of the inhibitor to a
‘regenerated lubricati 0il containing SS.906 did ndt bring
about any 1mprovementn%Report No.450 of the Technical ILabora-
tories, page 6). In these mixtures also the manner of mixing

. has no effect.. It is also remarkable that from the shorter

. running times and higher consumptions-recorded in the second. - -

M series of tests the regenerated oils. show a. falllng off, where-

as in the first series there was no ‘difference in the rumning -

“times. This 1s perhaps due- to the fact that the regenerated
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lubricant ‘ages more:rapid1YQundérfthefmore‘exgcting‘conditiong
_invthe;seQQnd,series;;~,With,newroils;gthere'1s a lower . . -°

saponification number when the r-additive is added<to. 5S. 906
(ex’Leuna}g‘so”thatﬁﬁhe'aﬁalytical"values;agree‘with the -
‘engine results, whereas the addition of r-additive to - -~
regenerated 55,905 does not affect the saponification number.
Good agreement with engine test resultsis obtained in the

low Conra&son carbonﬂvalueslin_comparison‘With'Rotring«P;_'7

.. The ﬁsed’oil,tééfsfié€ééi nofdiétihguishable>différénces;
which is in agreement with the analyses of these oils. -

. Semming up, it mey be saidi- ..

T Phe manner of WiXing has no influence on the ring-sticking
behaviour., — IThe r-additive,«when'added;to‘the“SS.906,from ! ‘
Teuna in the fixture to hand, produced .an improvement, :

however slight, whilst no effect was observed on regenerated
55.906 from Leuna.  In géneral, the ring-sticking behaviour
of all the oils was considerably better than that of Rotring
D, running times being reached-which-were-up to 75% above-
Rotring D. . R ST R S

v A

PLATE T. RUNNING TIMES OF THE VARTOUS LUBRICATING OILS:



PLATE—2“——6TE—TEST—RUN IN B M W.'132 N SINGLE GYLINDER ENGINE

v ;;',/Q‘Z,a; Avera e Values ﬁ,"

'objéétrYiffffff1*ff{f’-¥§¢ompafétive. ;Lubrieaﬁt . Ao, 692

Nunber of téstf" SEEIERR 145';“;”a‘ Fuel‘l;;?'? °j~‘5rB4;

s

-Date of‘test ﬁ%ﬂ‘. B, 7 41 : Room Temperature I'45°CIPf-

rAtmospherlc pressuremmrv‘759 mm«Hg.» ‘ Intake air o
—me T . ~ | -temperature 400C

Humidity - e

~Eng1ne speed S 1900 r. p.m.,'f Temperature of cylinder- - "
R ‘ -head. couple oo 250°C~
Power»(measureq)u'“ 57 H.P.' ’ :
: Ao e Temperature of cyllnder . kS
Power (N.) R 66 H.P. 1 flange = w0 =00

Speciflc fuel consumptlon 209 gr / Temperature of - thermal -
H.P. hour. plug =%

Setting of'gas,throttle a0 i Temperature of exhaust e
LT o S . gases‘ A o 75090
Gas pressure = e . 60 mm. - . o - S
CAL oo =T Vater § Temperature of. plug _
i R ring = ‘intake T, 22800
L . :"""‘\ . — - ' . ‘ o .

Temperature of plug o
_ring = exhaust -_287°C

011 inlet temperature - 1ur°c Running tlme, ~15;{{ .
S . - - observed : 131" hours
" outlet " 1ao°c e~ R

_ e s | Running:-time, R
"  pressurec - . B 8/5 0 atﬂ | corrected .= hours

" 'circuiation; ‘ - 10,5 kg. ' Carbon in flrst groove 2652 mg.

"§,§g[H,P. 1 carbon on piston ‘head

"’ consumption ‘ |
» . L __hour *_ and land - 1596 mg. -

‘Remarks: ——

STRIP INSPECTION :

i

Piston Crown nght greylsh-brown deposit, somewhat heavier at the
edges at E and A.

\ -

Rings: From W to E, moderate carbon, otherw1se only llght coating.

Interlor of plston.v Even, 11ght, shlny dep081t.

Note: E.and A above refer to 1n1et and exhaust valves
' : resPectively.

A



Groovefi,v

PLATE 3,

Cafboneoeoué“Métter

2632 mg.

Groove. 2 -

'Groove 5. -

Groove 4. =

iPistOQSCrown

ing No.

Welght before run’ mge

Welght:aftep run_bvmg;.

Wear'intf_ "f . mg. |

Gondltion of the ring o
(sharp, burred, broken)

63499 . 62800“m
61485 62852
gove - 468

-'nonmal

Piston ing Wear
VA R

~normal

55791

56736

- 055



VPLAEE‘4;

OIL TEST RUN IN B ML W, 152 N SINGLE CYLINDER ENGINE

—_——_—__—-———————_———'—_———

Average Values

;PiStonmarown"
at the: edges of E and A.

Ring:
_CarbOno

Interlor of plston-

'J-';- . "démparative~.Lubricaht . B.69B:
: e é'tests ; : - PR S
N L . M . = ' : ) ‘ o ‘ SRR 'mel . b e ‘ ‘...v...’.“ o e .:‘ - e " . )
Number of test 52 RTINS A e o
_ o s Room Temperature %
Date of” test o 12,7041 TR
g ' pult Intake air” temperature _ -0¢
V;Atmospherlc pressure (48,mm Hge _ o
Homidity I - P
Englne speed - 1900 r.pem. Temperature of R
T | cylinder head couple 2509c,
Power (measured) 57 H.P. R i e
Ll : L ‘ Temperature of R ‘
- Power (N.) 65 H.P. cylinder flange - =%
Specific fuel B ’Temperature of thermal
' consumption 209 gr./H P. < plug ~0C
St Y hour | . g
PR _ ~Temperature of ’
Setting of gas ) . .exhaust gases 72200 .
Cthrottle 740 ; | |
R S ST : Temperature of plug v
‘Gas pressure . 66 mm Water | ring - intake - 226°C
T 4 FI “‘Temperature of plug = o
| ring - exhaust 239°¢
, Oil inlet temperature 116°C _ Running time, 45 o
: : observed 15r hours
" outlet " 120°c o
A ) ‘ . Running time, C
" ‘pressure | S,V/B.Ovatﬂv : corrected _ - - hours
_"‘"clrculatlon‘rfr 16 5 kg. T Garbon in first gr00ve 5152 ng.
" consumption 8 Og/H P hour Carbon on plston head o o
| and land . _2140 mg.
‘RemaFkg: .

STRIP INSPECTION : )

nght, dark coloured dep031t, somewhat more pronouncedv‘

Pronounced coklng in- nelghbourhood of g, otherW1se moderate

Light asphaltlc deposit in nelghbourhood of E;

thln, lacquered__deposlt AinT neighbourhood of A.

" Note:
. respectively.

E and A above refer to 1nlet and . exhaust valvesi‘



‘GrQ°Y§11!

-

4.

LATE 5.

"‘,'».

3.

‘PiStbnxchWn

Rigg'No.a

‘Weight before run mg.'
Wﬁ@tﬁmrmnm& 
Wear in o mge

S

Cond;tion«of(thé ring
(sharp,burred broken)

Plston Ring Wear ;f* 

L. 2.

Caﬁbonaceous Matter

H 5152 mg.

eiéq‘mg.

-

68864 ,_62039_ '

61421 61642

1948 . 447

normal . normal

g

55983

55838
145



. £LATE 6.
OIL TEST RUN IN B.M. W, 152 N SINGLE CYLINDER ENGINE

_/; Average Values 1'(
. LT
Obaect .'@ﬂ,;_j- o ”:UCOmparative'fLubricant,dt s 'fﬁV‘C‘694“
- L ITT e o teats o S
-‘Number'of test '154. ‘ o : Ll e
e . Room temperature o 45°G
Date of test ~-),;!jﬂ<1 14 7 41 o : .
S ;:;;Intake air temperature_ 40°C
/AtmOSpherlc pressure 751 mm Hg. 7 L LT 7
Humldltv N “-ﬂ. 1' | 75% cix";j :', R ,:s_;wfﬂ
'Englne sPeed | 7 f 1900 r.p.m.” : ;Temperature of cyllnder .
: » ~ head couple _“‘ 250°CEH
Power (measured) 57 H.P.”“u» e o )
R ‘ 1" of cyllnder flange T
-Power (N.)vf e 63 H.P. . 2 : SR
PR IR ’ N thermal plug : L
Specific fuel - 209 gr./H Pe | .. o
~\consumption, .. hour . sf M exhaust gases - . 780°%C
gettlng of g "":;‘f*r‘;f | " plug ring - intake 224°C
throttle S R B : ‘ -
: ) ‘ ETE R R ' " - exhaust 25800
Gas pressure 60 mm Water : :
011 1n1et temperature ~117°C - | Running time,observed : 1490 hours
il outle'b o . . 12000 “ ‘ 1 . " corpected v D - l
. " pressure - 5.7/3.0 at | Carbon in first groove 3573 mge
" circulat@bn - . 10.5 kg; o Carbon on piston'head_ 2411 mg. _f
T < . -1and land oo BRI S

consumptlon 8 2g/H P. hour

-/

: Remarks;.

| ‘STRIP INSPECTION

s

Piston crown: Light, dark coloured deposit somewhat more pronounced at‘ue ‘
’ edges ab B and. A,»"- . _ .

”“Ring : Pronounced coklng in nedghbourhood ‘of E, otherW1se moderate
carbon.

nterlor of plston' nght asphaltlc depos1t at E, thln lacquered
1‘d€p081t 8t A«



Ring No.

Wéight béforqﬁrun- mge -
Weightyéftér min - mg.
Weab in\" - . .

Condition of the ring

PLATE 7.

Carbonaceous Matter

Groo#efi.5 "5753'ms-

Mg -
.,’b'“ 4 "‘

piston Crown . 2411 mg.

'Ei§§on'Ringiwea§

62120 _l 61850
60040 60960
Cabes T w0

(sharp, burred,1broken) .. normal , ‘ﬁofmé1

I55910

55648



| BLATS 8.
mOIL TEST RUNVIN B M w'1

SZ‘N SINGLE’CYLINDER ENGINE

Average Values

\
Object"]}i‘f,',:b‘f “}fs ;Comparative Lubricant‘]' f.'- . D695
RIS Thests |0 g,
| BRI ";;,-me ;v;' ;M_ff - B4
Number of test o 0149 S e T
S e Room temperature _H,“__459C '
Date of test . S T 9 7.41: : me P
o ,Intake air. temperature 40°C
Atmospherlc pressure 752 mm Hgo PR L I
‘Humidity R _ L ' 68% B R A
' Engine speed .:c 1900 T p.m. fnf ‘Temperature of cylinder e
L : head couple 250°Q
. Power (measured) BT, H.P. = r S :
.o : : N S ‘"‘of cyllnder flange . =
Power (Ne) o 6B-H.Pe | ger BEEEE T
- : RN : S thermal pluge‘ S e
Specific fuel - . 209 gr./H.P. O | ' L
consumptlon . nour . onom exhaust gases - 725°G ‘
_Settlng-of gaS' S a0 | v'; oot "‘plug ring - 1ntake 22500 |
: throttle' L L ‘ ; .
B AT i -’|| It ’,._v_;?}maust. . 24_100 ‘
- Gas pressure - 8A_mm Vater - . R _
.01l inlet temperature 11606 Running %ime,observed 13°° hour:
o outlet LR ‘ 120°0‘”*‘€§?*' o SR corrected k!dsm»s~‘
L pressure ‘_",’5;8/5,0 atd - ‘ Carbon 1n‘f1rst groove 5159 mg{
" clrculatlon ' 10.5 kg.;df Carbon on piston head oy
| : and land ' 2420 mg.
M consumptlon 9. 4 g/H.P. hour g : : B

Re marks. o

- STRIP. INSPECTIONf S

RS

Piston crown: Thin black dePOS1t, sllghtly more pronounced at the
,clrcumference in. every case. o T - o
Rings: Pronounced coklng in nelghbourhood of E, elsewherevmoderatev
carbon. ,

:Interlor of Piston: At B, more pronounced?asphaltlc deposit,'at A
thln,~1acquered depos1t. . ,
Note™: “owing. to an error in measurement, the consumptlon of |
9. 4g/H.P. measured at the beglnnlng of the test is 10% high.

/



BLATH 9.

Carﬁonacedﬁs¥Mé%ter

R

Groove 1s ““751591mg.
g -
nos -
‘Piston Crown 2420 mes

Piston RiggﬁWeér- S
_B._i__I_lg IIO: " iln : ) 29 T E 5‘ ‘_%_L
Weight before Tun mg. . 65594 < 62098 55920

Weight after Tun mg. 5949559680 55257
Wear in i g o v4o99’>'“'{2418. 6653

_Condition of the ring - L R
(sharp, burred,-broken),r‘ normsl  -normal



. PLATE 10.
OIL TEST RUN IN B M W.152 N SINGLE CYLINDER ENGINE

. Average Values
Object . Comparative Lubricant . 'E 696
; [T M TS AR I L e T R -
T - tests : SR S
’ L T e Fuel—.—"'——'—'—"" < B4
Number of test 150 - o g LT
‘———:—: o :;l,;-'s.c-m’é;;l_'-’y;,ﬂ EUr T W ‘.»‘--‘ TReom‘iﬁempel!ature “"h . '4:5 C.
Date—of—test 10,741 R R TN T S on
oo oo JIntake air temperature = 407C.
Atmospheric pressure o 749 mm Hg. TR e e ST
Humidity e |
Engine speed Ty 19601r p.m;T Temperature of cyllnder S
IR : head couple ..~ 250%

vPower.(measured)‘f'ﬁ.*.f‘.57 He P.

o o 7'”"<of cylinder flange =
Power (N.) R 66 H.P. 2 o ‘
A e thermal plug‘ o -
Speclflc fuel Ve .209 gr./: S Pl
consumptlon [ H.P, hour ______ iff‘ﬂ "‘ exhaust gases 728°C
Settlng of gas throttle :V74° S KON plug rlng - 1ntake :22700
Gas pressure L 60_rm Water UL IR exhaust 2389C
011 inlet temperature 116°C S Running tlme,dbserved 1‘45  hours
" outlet " . - © 13000 o _"‘ corrected L ;
" pressure'tf *iﬁvb*e5.8/3;0 atd ~ Carbon in flrst groove 2588 mg.
" eirculation = 10,5 kg. '|Carbon ‘on piston head - ,
SR -~ | and land 2175 ngy

' consumption <—6 4g/H.P houzr.

e

. STRIP INSPECTION

Remarks: =

—Piston crown: Very sllght dark deposit.

Rlng . Slight carbon at E, otherW1se depos1ts 1nslgn1flcantf"
Interlor of piston' Light, asphaltic deposite




Groove l.
= .
"

Piston crown

Ring*No.

Weight before run mg.

Weight %ﬁi?rgiﬁnM“fmg-)f';ﬁ

omg.

Wear in

Condition of the ring~ .

(sharn. burred. broken)

/62808

PLATE 11,

Carbonaceous Matter

2688 mg.

: 2. . -
5' .',
i 4, -

2173 mg.

‘Pigton Ring Weep '

L. 2. B

61807
61839 . 61647
464 160

normal .  normal

55947
55938



PLATE 12.r

OIL TEST RUN IN B M W.152 N SINGLE CYLINDER ENGINE

‘Remarks:

t “3 S B Average Velues ,av*:. o -fu
TObjEst L '~ 'cmparame; B -Lubricant*,"' " F 697
T it RW L tests N
A T T r , Fuel -
Number of.test_“ : 151 : o T O
ey e L T v Room temperature f"*v,-.¢C S
‘Date of test N -‘11 7 41 o
S ' Intake a1r temperature o 0g.
fAtmospheric pressure -_747 mm Hg. . v , S
) i R - ‘ . .7;'
Humidity : 74% : :
Engine speed . o 1900 r.p.m.,‘ Temperature of cyllnder L
RN e |7 . “head couple - 8509 -
Power (measuréd)” .~ 57 H, P.' b ” L
e o {on of cyllnder flange o -
Power (N.) 65~H.P\. 4, S
T T : LT A -A" " thermal plug ' N
“Specific fuel - 209 gr./ - Lo i ;o SN
consumption - _H.P houy "o exhaust gases - 720%
‘Settlng of gas throttle 740 | " "'plug ring - intake»..225°C :
Gas pressure 44%5 mm_ Water' '~"'" nn -lexhaust ' 259°G |
0il 1nlet temperature 116°C Running tlme,observed 14 hours
o outlet " | 120°C 9' " corrected o=
pressure 5.8/3 0. atu"' Carbon in first groove 5019 mg.
," clrculatlon L 10 5 kg. | Carbon on plston head =~ -
o and land - 2551 mg.
. consumpt1onm 6‘_g/H E,hour SR i :

ANSTRIP INSPECTION S

Piston crown
at the edges at E and A,

IR1 g8
Interlor of plston.

Sllght carbon at E, otherw1se dep031ts 1ns1gn1ficant.

Thin, laequered deposit.

Thln, greylsh black dep031t, sllghtly more pronounced

Y



PLATE 1.5'.‘
barbonaceous Matter
Groove 1. | 5019 mg,

"'ffyzg -

e -

W
Pi:ston croWn 2551 g,

éié£$ﬁ 3igg7wéér-  i4;~
Rina o ___:_L_g_ -‘g& __5_._ 4.
Weight before run mg. - 65150 . 62076 55892
'weight ‘after run mg;~"7“‘,62552;_f'f6i617 55881
Wear . in ..-'ﬁgav_ 5vﬂ“81é; , '259 11

Condition of the ping "J'a *_ R iy
(sharp, burred, ‘brosen) = normal  mnormal.



PLATE 34

OIL TEST RUN IN B M W 152 N SINGLE CYLINDER ENGINE

Average Values o

T
»

-'bbjééﬁi

s ,11 - Comparatiye‘ Luﬁricant‘ﬁ . Rotring D, -
; R tegts ' RO U601 - -
“_“_: : _ ;. S _Fuel B 4 o
Numberwof_test 1142 R R,
. e Room temperature ’f”45°C .
'Date of test 274l :
S ”;;A;::ifrIntake a1r temperature 40 C
Atmospherlc pressure 757 mm Hgo . ; _ —
'_Humidlty _83% -
Englne Speed <N 1900 T e, Temperature of cyllnder g
_ ‘ R ‘ ' head couple 250°C
' 'Power (measured) 57 H.P. o
- , o : " of cyllnder flange Ll
fPower (N.) . 63.HP, . : -
EE R . "n" thermal plug y RS
fSpe01fle_fue1 L.209.-gr./ | SOERIR SEE
consumption _H,P. hour "o exhaust gases 740°G°

'Settlng of gas throttle 74

.40 mm.WNLQr

reon plug rlng - 1ntake 229°G

-'exhaust 25800

,;Gas pressure p '
011 inlet ‘temperature  117°G-
U outiet M 120%
“ppressure H‘SQQ/S,Iiatﬂ Z

";qirculationi  '10.5 kg,

" consumption

_6.7g/H,Pshoup——""

IR TR B

. Running tlme,observed 890 hours

e tj" corrected RV
'zf\Carbon in flrst groove 2114 mg,

" Carbon on. piston head - v,:“ =

‘_pwand,}apd ' 1400 mgy

Remarks:

Piston crown:
pronounced at the edge at B

oBd_&_

Thln, greylsh—brown to black dep031t, sllghtly more

_'STRIP‘INSPEGTIONV

Soot more pronounced at E, otherw1se sllght.

Interlor of plston.
very thln lacquered. depos1t.

Towards E, thln, dully shlnlng depos1t, at A,



Gr:(JOVG _1c

"o

"o

_2!
50

ﬁLATE PLATE. 15,

Carbonaceous Matter

2114 mg.

Pistdh;crOwn S 1400'mg.

Rlng No.

Weight before run. 4mg..j1-H’

Welght afterlrun mé.
Wear - 1n f 'J.; -  ﬁmg,-

Condltion of the rlng

(sharp, ‘burred, broken)

‘fsharp“ €{ normal

Piston Ring Wear f*;
1. e B

 62169 o élssol\i' a0
61395 | 61195 -

—— ——

J

oy 0,487 -

" 56090

55996

0,094



- Viscosity ASTM at 100°F

PLAT“ 24

_COMPLETE ANAEYSIS OF AER O-ENGINE LUBR“CANTg

‘Samgle Ref.and Origl . A.No. 692 - _B.No. 695 _C.No, 694.
 001our accordln to _; ;,,.Qif \‘f: o B e
Ro‘b/Lov.( 8055) oo efe 6/6"-'1' >6< 7/7 :

3Sme11 'Tgf‘ i “’5;§-7 iffcfac3éd.Ax? o cracked i*g" crackedf

aRefractive“Index dzo .Jf—¥f—¥f{j;.ay_xggw ‘A ". L  g_;  ERRT
(feos0) © T | 14860 1,4855

Density at 2o°c (x8065) 0,869 . | . o872 | 0,875 -

Viscosity in Engler® S e R Rt N R
, and cs, at: (x8070) | E® o8 . | B® o8 - |E° cs.

-1o°cl

e O°G‘

- +10°G | e I R
 5}2o°d*' 122;0 57,0 | 122,3_934g2 17,0 saé;s

450G | 18,7142, | 18,7f242,5 | 18,8(142,9

. +200°C | s,08| 21,68 | 3,08| 21,57 | 01| 21,25

: +150001 I | 1,59 7,25 :’1,57-  7,15;" 1,59 | 7,25

_ Pole height (x8071) b | e |1, 81:

',Directlonal factor m: S : o S -
(X8071) o o 3984 |- - 3,28 - C 7 B,28

’Viscosity-ASTM at 2100F | |
3 ‘Viécosity’indeX°(X807§ST“. o BT R 108
Settlng p01nt (x8075)°G_ "».' -8 | f:~429' nE _ iAZBf
Flow point: (%e076)°%¢ | w2 | <2 |  -;
Flash point: (Xsoso)°c_' oy -ln . 23 o »_ﬂ,‘,252
Fire.ﬁq{££:*(X3081)°c o Cere | fzsé "’287f

Neutralisation number o ' R B
(xg085) - . . - | 0,04 | 0,04 0,05
Sagonlf_catlon number o : o v - e
(¥8090) - 20,19 0528 | 0,27

R — ey wl .
| thty 0il content (X8090) ‘ ‘

- Vaporlsatlon test by Dr,
,.Noack's method. by

et 20% e Ul B8 | 4,5
at 250° % . om0 ws ] TeaT
at 278° % 10,3 | 9,4 o 9,5




Sample Ref.and O__g;n, = 3A,No. 692 B No. 695 S— C,Nb3;694

Analine poin't °c (’“7290
fuels) . SN EN R
Iodlne value (x7220 fuels).
Mean molpcular Welght 1 B & = |
Gonradson Carbon. (x8110) ‘5-110,10 o ”ﬁMO,l7‘"if* ff;;i0s12

Water- content (X8105)

.welght o A
‘Solid forelgn matter -
(?8101) —— 7 |
Hard asphal'b (XB:Loo) | o0 - | o 0,0% | TT0,0%
Ash content (Xsogs) | «g0% | 0,08 | < 0,00%
Ox1dat10n test by Dre - F::béfore_;gﬁtérinbéfdﬁéwfaftéry before after
Noack's method : |'oxidation ‘A %Bloxidation 4 %! oxidation A %
_VlSCOSl't" at so c in es | |

-

X The figures refer to the B.V.M. test regulationse ;



'éoMPLETEiangLYsIsycpTAERd;ENGINEvLUBRIGANTSQ};

LN e e

INDIANA TEST

PLATE 25

’} .; iv

SUPPLEMENT,

mg of Asphalg An 10 gg.01l.

:B

' C

100°C in E

A
Mo 692 No.695 No.6°4 SR

Visc081$y_at__

;Viscositj'at 100°C
- in.C8 " -

-Durétion
of test
in hours
25
50
75
100 -
Alééﬁ\‘fl
150

75 -
200 v , PR

‘ 2501:!

.o /'l‘ :

0

2.0
2.8

2,6

; 2-6'
. 2.8'/.‘ ‘-

3.2

10.0 |

ol
2.5

2.1

2.8
‘2.2
R -é-é,,»;
Exs
”2:5
8.5

2.2
5.2

"k

B

21.88

2572

21,87
25‘53“'
25. 2siwf

1 ov.87

31.11

65,71

2851
51,66
37,07 |
48,21
59.81

36,67
45,50

109.4 100.3

84,02




COMPLETE ANAEYSIS OW AERO-ENGINE LUBRICANTS

PLATE 26

697'

E Sample Ref.and Orlgln.'. 3‘ D No. 695 E No. 696 F No.
'-Golour acco"dlng o | "T‘ 5 "\;
 Rob. /Lov. ( 8055) 6/6 6/ 6 7 6 7/7
: Sme11 *‘fJ )' RS  'cracked§f cracked eracked
‘Refractive Index n20 e '*“ o
(¥g060) ... D - 1 4825 1 4825 +1,4835
Den51ty at 2000 (igbss) ?o 869 R o 869‘_"~~:f 0,872
) Vlscosity 1n Engleﬂo e ’a’,_mﬁ.~~1,,v; | ‘_;WLH;,
~and C8." (Xsovo) B9 |os fE0 | e |EO " |os
o "‘1000 | ‘ | ol
o 0°C: 8 \
+1000 . L Lo . A ST . B
- 4+20°C. 120,2 |913,7 - 118,3 |899,0- |117,1 890,8
. +5000 19,0 144,5,‘ 19,1 145,56 | 18,7 |142,0
+100°C '3,08| 21,37 | '3, 02 21,30 | 2,99 | 21,04
o +150°c 1,58 '7,25= 1,59 W,85 | 1,57 | - 7,06
Pole helght (XSo71) 1,78 S1,79 0 | 1,74
Dlreﬂtlonal factor m: 3,27 3,26 3,22
(X8071) ' - i
‘»Vlscos1ty ASTM at 100°F
'Viscosity ASTM,at,ZlOQF
 Viscosity index:‘(X8072)' 102 | 104 . 101
“Settlng point: (*8075)°C | -28 | -e8 ~30
* Flow point: (X8076)Oc B I R - -22
kFlash point (XBOBO)OG | 283 231 1.7
Plre.polnt (x8081)°C 287 - 278 em9
Neutrallsatlon number . | .
~(X8085) / ‘
?Saponlflcatlon number N
(*80%0) = -
;—FattJ 011 content (X8090) x
: Vaporlsatlon test by Dr. . )
Noack's method: i : -
. at.2250 % 3,9 3,9 5,6
et 2500'%' 6,9 7,1 B8
at 2750 % 9,1 |95 R



SampleiRef;and*Qg;gin,.

PLATE 26 (contd.)”‘

D No. 695

- BiNO. 696

Analine point QC‘(x72§O'f'
fuels) o T |
:Iodine value (k7220 fuels)
Mean molecular welght“‘}wa
Conradson Carbon‘ (x8110)

Water: content (x8105)~“____
Welgh" :

S
Solid forelgn matter
(X8101) - 3

Hard asphalt (x8100)
Ashlcontent (§8b95):_ '

Oxidation test ﬁy‘Dp,-»
Noack's method 1

0,14

[

10,50%_

0,01% -

| vefore - after

Viscos1ty at 5o°c in 68
Res1n Conteﬁt %

oxidation 4 % 1.

10,14

10,0%

0. 61%'
before after

oxidation 4 %

n

_F.No. 697

10514

0,0%
1o 01%

before kafter'

 oxidationd %



25&2&_22

COMPLETE ANATYSTS OF ’AERO-ENGINE LUBRICANTS
' SUPPI:EM'ENT B

IN]}IMA—T—ES’:E

mgo of Asphalt 1n 10 gm. oil.fw,

_ o ' , Vlscos1ty at ' VlSCOSl'ty at 100°C
J0il.. D - ® .7 100°C in ©%E - | - in cs . :
Noe€95 No 696 _ No.,69'" L - B
Duration S e 1T | D -E r
of ‘test L '=~-’”f ' IE N R
_in hours - 200 , 200 - 200: |

:,i'.,

.,Q}‘fz' - O‘”Mg;@;0§w5w;;¢0m@§ ‘ 321;37',21’50  21’04,

85 2,0 1,7 2,57 1 28,79 jés,éé 22,85
50’“‘“‘. 2,2    '2,41 j  2,6 ’m25,722“25;502;25,58-v
w5 2,8 "'ag;zil 2,6 | | 27,91"26,91,§28557\
'iopvi'v 1'5,0, 2,2 2;7 . ~?31,27 f29‘24‘v32,8i A
126 5,6;,'1#2,4f‘. 2,8 | 36,40 34,41 29,89
‘150 . 2,8 Cert 28 | | 25,32 48,78 50,00
s 2,8 Bl B, | 61,26 ‘61,99 70,96

20044 5,2 4,2 4,1 | 86,51 94,07 186,2




PLATE 28

COMPLETE ANABYSIS OF AERO-ENGINE LUBRICANTS 

i

viSample Ref.and Orlpln.vf *‘ Rofring;D; '
"iColour_acco glng to ~iv";: :  v' *
* Rob. /Lov 8055) AR ;6/@
?Smell , f_r'. _ ”;f.f;f?  ; normal
’Refractlve Index n%? A o 1 4925
"‘Den81ty at 20°C (x8065) “ O 890
‘V130031ty in- E§g1er ‘ ~: ,ﬁwé‘ s
and CS. at: (78070) - | B° | CS
. l10%
 +”000 . .
+10°C | |
?+2p?c “*-“f'mlig;e | 911,0-
+50°C | arr | 1848
+100°C - 1 2,78 18,85
| +150°c;¢ = | s l,ﬁOu:j16,31-‘
‘Pole helght (x8071) 01

- leectlonal factor m: e T
(*8071) - S R w0 8,43

'Vlscos1ty ASTH at 100° 5
VlSCOSlty ASTM at 210 g

V1s0031ty 1ndex- (X8072) ,/‘ 90
——Settlng p01nt ( 075) O -25'
Flow p01nt ( 8076) c ‘-N ""ei§

Flash p01nt' (XSOBO) ¢ | 'éééi

Negtrallsatlon number : : .
8085) S o _ 0,02 -

,Sagonlfzcatlon number : :
(“8090) . 0;14

 Fatty oil content_(%8090).

Véporisation test by-”
Dr. Noack's method.

et 225°% 0,6
Cat250°% | 1,3
at 275° 4 ( 2,9



Sample Ref.and Orlgln.‘

PLATE 28 (contd.)

Rotrlng D

Anallne p01nt °C (x7290

fuels) - o
Iodlne value (x7220 fuels)
Mean molecular welght
Conradson Carbon~ (* 8110)

Water conﬁent (X8105)
welght G

So%ld forelgn maﬁter b;";v
6101) - L

Hard asphalt (XBIOO)
Ash content (Xsoes) .

Ox1dat10n test byt
Dr. Noack'

0,28

‘"lfoio%

0 7.‘011% g

béforé"after
oxidation 4 %

W
Vlscos1ty at 5000 in ©S

Re81n content %h



PﬂATE"ZQ‘
COMPLETE ANALYSIS OF AERO-ENGINE LUBRIC <2§}

SUPPLEMENT

INDIANA'TEST

200 .

‘ﬁg; 6f Asphé1tfiﬁ;iO gm: oilT;”‘ViS8°s1ty Vlsa)s1ty at lOOOC
N SR 100 C in E : in CS.
;Cii;’”4*¥ﬁ¥Rofring 6016"! :
Duration of L )
test. in ' -
hours 200
0 .0 T 18,85
.25, 1,4 119,46
50 2,5 " 19,50
75 1,8 22,41
100 1,8 24,49
125 2,0 | 27,31
150 2,3 S,
175 2,4 41,01
4.2 61,19



R PLATE 45

,ﬂOIL TEST RUN IN B M.S. 152 N SINGLE CYLINDER ENGINE

Average Values

foﬁjeet s _;;Comparatlve 'Lubricantfg"”'v R A‘Nr;692[
o T tests PO S '
e Pl T T Fuel - B4
Number of. test- : ﬂ_\:‘164. T *"~*‘6wv;j
f,,—~i ERSESENNE e Room temperature ”*‘742 C
Date of. test - .28.7.41 ) o
‘ -Intake air temperature 40 C o
Atmospherlc pressure 752 9 mm Hg o = .
"ﬁumdltv . 23.83" -
Englne.speedp':, . X 1900 r.p m. Temperature of cyllnder‘“ . d
: o ‘ : , - head caxple - 250°C
‘Power (me asured) _ 87 H.P, , ' ' :
. T "of cyllnder flange -
Power (N.) . 83 H.P. .
' ' e “‘"x,thermal plug -
‘Specific fuel - 209 gri/ o e T s
‘ consumptlon o HeP hour‘ 1””"-"..exhaust gases 730 c
Setting oF gas throttle 74° |7 " v plug ring - intake 218%
. Gas pressure 30mm Water _me »b " - exhaust 24190
011 1nlet temperature . 118903. | Runniﬁgptimey observed }925< hours
" owtlet " . 1s0% | o " " corrected |+ - | .
" pressure . . 3,8/3,0 atd | Carbon in first groove 2680 me.
L 01rculat10n .“'.710;5-kg. | Carbon on plston head " . '-:_:
- , . S, | ..and land : 1 1673 ‘mg.
" cmmmrﬁmr--lrﬁjmrdmm' T

' - STRIP INSPECTI

oy R

Piston crown: Thln, dark dep031t, sllghtly more pronounced at the

edge at B and A

RlngS'= Moderate coklng at E, otherw1se only sllght dep051t.

Interlor of . plston- Thls lacquered dep051t.



Ring No.,

Weight béfofe’run-

Welght after run :

Wear in-

Condltlon of the rlng , ‘ g
(sharp, burred, broken) - .normal mnormal

mg. 826 290

PLATL &b‘

Carbonaceous Matter

Groovefly_;' : 2580'mg.

"2

s )

"‘; 4. -
Piston érown 1678 me.

,‘.

Ploton Rlng Wear

mg. 63018 62087
mg. 62192 61797

55727

it
55698
29



PLATE 47

OIL TEST RUN IN B.M.W 152 N SINGLE CYLINDER ENGINE

_.-___—_——.—_.-..—-—_—.——-—_—-———————————————v——

'-A)...._—

Avera G Values

- consumption

2

. Setting of gas throttle

50 uim Water

non

plug rlng - 1ntake 222 °g .

" Object - . '_ComparatiVe Lubrlcant - BiNo.693
S — - tests e L
T SRR R Fuel B4
'fNumber*of‘test .'168 : ' e
. - ! Room temperature . 425C .
a'Date of test 6. 8. 41 ‘ : :

) ' e Intake alr temperatnre 40° C E
'~Atmospherlc pressure ﬂ**74% 4 mm T L :

: Humldltv 7,2;,5%-

Englne speed 1900 r;pem. Temperature of cyllnder o

RERRSLRAS o o ‘head caiple 250 c.

' Power (measured) 57 H.P., :

e o " of cyllnder flange -
Power iN.) S 63 H.P, - | .
: o 4 ;'" " thermal plug -
Spe01f10 fuel 209 gr./ : ol
H.P. hour f"b"'exhaust gases 750 c

 AGas;pressure'w' Lwmw _exhaust, 242 Cf'

. : R T R I e L e BT
0il inlet temperature. ' 117°C Bunning'time,observed‘800‘ hours .
."'outlét.f;' m . 120% " "' corrected -

" pressure S 4,13, atg ~ |Carbon in first groove 2525 mg.
o 01rculat10n H ’, 10.5 kg, - - Carbon on,plston head BT
W : | and land ' 1343 mg.
" consumptlon 11, 4g/H P. hour L
Remarks: ' /
Lo s INSPECTION

”?1ston“crown.
at the edges at E and A.

1/'
Ringg:

Interior of piston:

,Moderate coking at E,

Sllght greylsh black depos1t, sllghtly more pronounced

otherw1se sllght.

;Thin,'1acquered_depos1t"

- .



‘Ring Noi

Wéighf*before run

Weight after run

Wear in

‘Cdndifionkofithé_ring‘ -
(sharp, burred, broken)

‘mg.e 63047 o

PLATE ag

Gr@bfé:lr
’ln i 2.
J "3;
"o,

Pist¢n'crown

mg. 61615

mge 1432

Carbonaceons Matter

2525 me.

PiStbn»Ring Wear‘x

55702
55411,
291



PLATE 49 »
OIL TEbT RUN IN B.NLWLISZ N SINGLE CYLINDER ENGINE

: L Average Values -}.i;p_r_=v »
Object % Comparative Lubricént_f_ﬁ7,; © C.No.694
R RO Fael - . ;po4
'Number of test 167 SR : : :

. Room temperatureA;;f‘ﬂ 42! C

Date of test i _s—~5:528L41;; E» o
S T “;“Intake alr temperature 40 C
Atmospherlc pressure 46,2 mm Hg._ i .

Humldltv o 't’-“—_—“’22 5%

*Englne speedf,*“ L 1900 r.p m.‘fl'Temperature of cyllnder7 .
- . T head caaple = 250°C

EAY

.Power (measured) .57 H, P : g R

- . . : ;jf‘ﬂ of cyllnder flange - -
Power ) 83 H,P, e

" — oL MM thermal’ plug S e
Speclflc fuel 209 gr./ |- e,

; consumptlon H.P.hour - e exhaust gases - 7307C
Settlnp of gas throttle 74° RUNTE ILV'" plug ring - 1ntakeu 1218°C1‘
Gas pressure . | 50 mm Water o ni LIFS exhaust 244°C
011 1n1et temperature 11800 S \Runﬂiné.timefobserved N8§0‘;hours
" outlet LA ‘q' - 12000 : ' _“ -‘;, " corrected -

o pressure . 4 1/3 2 atﬂ o Carbon in flrst groove \ 2666‘mg2
n clrculatlon‘ ‘ 10.5‘kg. g Carbon on plston head -

T : S - L and land : 1396 mg.
" _consumption . 9,65z/H.P.hour | S S

.Remarks:'

STRIP INSPECTION

Plston crown§” Thln, dark brown depos1t, sllghtly more pronounced at
the edge. R o -_g . ,

Rlngs:_ Moderate coking- at E otherwise'SIight.

Interior of Piston: Thin, 1acquered deposit.



Grooveil.”

PLATE"5O

Carbonaceous Matter

2666 mg.

GI‘ OOV e 2 : : . ‘
Groove 3, -

G’I‘OOV@4. (-

PlégsﬁvcrOWL -1396-mg.

Ring No.
Welght before TUun. .mg.

Welght after Tun wmg;_

‘Wear in- o mge

'Condltlon of the ring

(sharp, burred; brokenf"'_

t%istoniRigg*Wéafm:;f::

gt iy . a5,

62820 63516

61077 . . 62690

o173 826

hbrmal-“knormai

56088

55354
734



'PLATE'52

Carbonaceous Matter

Groove 1.

" 2;

W 3,

&

Plston crown

Ring No,

Weight before run . mg. .

oo

62552

| 2550 mg.

2162-mg.

Piston Ring Wear |
L. 2. B

62596

Weight after run ’mg.

'Wéar’in‘»b B  _:hmg;g"
Condltlon of the rlng
" (sharp, burred, Broken)

62158 -

‘normal .

62471
894, 125

normal



PLATE 53

EOIL~TEST RUN IN B.NLWL132 N SINGLE CYLINDER ENGINE

Az.e.r_age_le.mesn_'

’

V emp—

Comparatlve

Obaeot R -LLubrioahti E No.696'
A s N f:'_ . tests o " . .
i ‘ R - % . .Fue'l B 4 L
Number of teSt o '1166” L : o . ' oL
o St Lo JRoom—temperature ;v42;C~
‘Date of test" o 1. 8.41 ' TR i
b ' _;Intake alr temperaturem 40 c
}Atmospherlc pressure 751 2 mm Hé. , v o=
}Humldltv | 19 . |
“Englne speed 1900 r.p.m. ,;_mTemperature o - cyllnder o
. R ~~head calple 250-C
Power (measured) . 57 H.P, - S S
' , L - " of cyllnier flange -
’ﬁ\\ ROR : ' L "," ﬁlermal plug S i
Speolflc fuel ~209 gr./ C R
, oonsumptlon H~P.hour Lo exhaust gases;' ; 7309C
’Settlng of gas ‘throttle - 7a° " " plug ving - intake’  220°C
" Gas pressure | 40 mm_W; r | ne "‘-fexhaust - é43°c
“011 1n1et temperature ll » ‘Runnlng tlme observed 845 hours
i " outlet .*" VIQOOCJ ﬂ:"' o corrected. -é;. e
" pressure 4 1/5 2 atht _ Carbon 1n flrst groove 2967 mg.
“ circulation -10.5 kg. vCarbon on plston head . e '
: ' -1 ° and land 1712 mg.
" consumption 10 Sg/H.P hour R . L
Remarks: - 4

ey . ”STRIP’INSPECTION

Piston crown:
edge at E and A.

Rlngs-‘ Slight soot,

Interlor of plston'

somewhat more pronounoed towards E.,

Thln, dark dep031t, sllghtly more pronounced at the

)

Thln, laoquered, depos1t



PLATE“54
Garbonaceous Matter
Groove 1. | 2967 ng.
wo g, -
1:“5 -
'{ﬂlu4; -
fiAé'bo'nv‘;_gx‘_'own 1712 mg.
R S
Piston Ring”ve_ar'

Ring No. Sy e gee o iBy

Weight 'be‘fore run ;. ng. . 62‘6‘54" 63051
;Welght after run __mg.._ -"""6}21’5&-_~ 62740
Wear in y:;g*. mg.. 1896 - Bl1

Condltlon of the rlng T IR
(sharp, burred. broken) normal | -normal

56024

55745
279



PLATE 55.,

‘OIZ TEST RUN IN B.NL“h132 N SINGLE CYLINDER ENGINE

Average Values

R No.697

'Object"_f;- ,_2 . Comparatlve .Lubricant

P R e tests . e R TR R

S R T S }Euel;~~;-A; o B 4

Number of test N 161 L : T T e
' ; T L. lRoom temperature p' f, 44 C

Date of test 26¢ 744l 1o °

T Intake arr temperature 40 C
Atmospherlc pressure ’ V751”mm'Hg.f : . .
Humldltv S o4 8% '

Englne speed

: Temperaturewof cyllnder

-

’ head colple '250°C
Power (measured) ”57ﬁH.P. .
h of cyllnder flange e
POWGI‘ (No ) Ve 63 HoPo “ .
T e e thermal plug -
Specific fuel 209 gr./ . Co S 0
consumptlon H.P. haur ".n exhaust gases . " 7307C
Settlng of gas . throttle 74 “ o plug ring - 1ntake 222°C
Gas pressu}eRH—“'“' - 30 mm Water':‘ o wom exhaust: 1242°Cm
0il 1nlet temperature : 11890_; | Runnlng tlme, observed 9 30 hours
r? outlet ) ﬁvv ' v © 120%: n Lo corrected -
" pressure 3, 8/5;O”atﬂl“t" Carbon inrflrst groove‘»2586:mg.
'9’circulation - 10, 5 kg. ‘Carbon on piston nead '
‘ . ‘and land 1342 -mge—

C 11, lg/H.P hoar

" consumption ..

Remarks:

Plston crown-

Rlngs:

Interior‘of plston:

‘/

STRIP IWSPECTION

Sllght dark depos1t.

Moderate soot at E, otherw1se sllght._

Thln, lacquered dep051ta4



BLATE bb
Qézhgaaesgag_Mgiﬁgz
Groove~1° " 2586 mg.
"2, i
wooa, _
" 4 -
Pisf@@ ep9ﬁ§~,‘. }€4éim§;
Pistbﬁvﬁinngéér*
Bing No. i 2. . 3. 4.
Weight- before Tun mg.. B 62273  ;1‘62558" . 55752
Welght after run : mg;bj T 61899 ifGéélé. 55750
Wear in - f'; ﬁg; . a7 122 2

Condltlon of the r1ng
(sharp, burred, broken)



PLATE 57

Average Values

OIL TEST RUN IN B M W 132 N SINGLE CYLINDER ENGINE

Objeet - Comparative Lubricant S Rotring D
e s . coooortests o L "No. 601 .
;Number of test ]; : 132,fiifA Euel..;f:"“ “'By4lw

: j - T

Date of test~m"f;ft—~— 26 7i4l Room temperature SR 44 c

:Speqlflc fuel =
© consumption o el

209 gr./
H P hour

Settlng of gas throttlef 74

Gas pressure

60~ m Waterf.f

;Atmospherlc pressure’-¢751:mm_Hg.er Intake air” temperature ‘4QOQ&
Bumidity . 24.8% i RIS |
”Englne speed 1900 r.p m. Temperature ‘of cyllnder.‘ s éff
) g ' head couple 0125070
’Power (measured) 57 H.P. SR U
1 " of cyllni er. flange co -

Power (N ) 63 H, P. L R

) : S thermalvplug” ol -

R exhaust gases | . l"730°C"

".'“Vplug rlng-- 1ntake.' 219°¢ p

Fw‘" “,k '“-‘- exhaust " 242°0

Piston crown:
Theedge at £ an

0il inlet temperature 11700 R Runnlng “time, observed 6% nours
" outlet t 120°C _ i " corrected, S
"'pressure_ WTS.B/S.O/atﬂf_‘ Carbon in flrst groove 2391 mg.
" circulation 10.5 kg. . Carbon on plston head .

' » o o o ‘ and land 2012 mg.
-2 consumption 10, 52/H. P. hour - :
-'Remarks: _

STRTP INSPEGTION R TRy

Thln, dark—brown depos1t, somewhat more pronounced at

‘Rings?' Prom E to WS moderate carbon, otherw1se nqrmal.v”

'Interlor of piston:

Tn;n,ulacquered dep031t.



PLA&L 58

Carbonaceous Matter

-~

Gr‘db..ve, 1. " 2391 mg.

R

g, “T
nog, -
b e :
Piétoh:éfbﬁn'v 'zb;zimg;

Plston Rlng Wear

Ring No.

Wéféﬁ%'béfore run' mng.

Welght after run nge

Near in  f' : _f  mg.

Condltlon of the ring

- (sharp, bBurred, broken). -

L. T

2.

61238
1496

\,\ .
‘normal

62734

62126
61527
599

normal

4.
—55499
55176
323





