-’24-4 T

For these curves therefore the mean displacement of the whole range of
axcess air ratio was inserted in fig. 7. Althongh there are sons objections®
to this procedure, the figure shows a morked d}r-sn:lmre vn the arcmatic content

‘effect of the oil typs on the kaotk limit cury

1, cdftion Auguql. 1042, ;.1; may be soen t at the different oils do no.. cause a
1bp1acamenu sufficient to affect the reting of fuels eccording to the knock
Iimi*b curve., The devietions found in the experiments with VT 702 + 0.12 lead
which has a % basis could only be cbserved with very ovact and specielly :
devised | gathods, Curing the ncrmal investigotion of fuels aécording to the .
" DVL supercharge method, the spraad “of the test roints amounted to at least
ts Hg boost premsura. . The observed devistionsdue to the kind of oll lie
within.this renge and ere therefcrs immaierial. Similarly for a given control
curve one need not expect denger to the engine dus to change in lubriceting oil
. in the, case of operation of mein engines with B4 fuel, so longas the control
rurve excludes approach to a pozsible ¥nock 1-eg10n al any operation point.

On the other hand in the case 0o X omatic sentent it would be -
advisdadle to take inmto account the de 1 are wassids ths norinl renge.
It is true that fuels of such high aromatic tent as the gascline—benzol blend -
are unusual, 411 the sems 447 by vol. is psrmitted Tor €3 which is used iu

practice. The knock limit c;urve" cbiainet for the several oils 'differ by
amcunts which may be appreciable. especlally «ln 1;11e two extrema cases in fig.7.

. The value of :55 mm Hg boost pressure which has been observed in the ebove
case is outside the range of deviation hoth for the reting of fuels according
to the DVL supercharge method &nd also for prachical main engins operation.

The differe LCES b en the individuel curves.increase with incrsssing
aromatic content end 1 ebout 99 wm. Hz boost pressure at the minimum point
for the gesoline-benzol blnnu, This 1s the seme value thet wag found 1in the
previous experiments on the alr—oomed HW 132 N under completely different
operat* onal conditions . .

The results indlca tz a dependauce ol e knock ratimgof a fuel on 1its
,aremetic content, differing scecording & cha 0il used. On the bas'is of this
‘result and’ the cht “that the twe leaded fuels VI 702 and CB cen be fitted into
the suggested fram 1t may be inferred thet there is no effect of the oll
on the leed susceptivility. ’ .

IV, Suxx"na:gy

The folloving were the objects. of the experiments: first to find out
' whether the chenge in the anti-knock velue of highly aromatic fuels_observed
in the air—cooled engine under the conditions-of the DVL supercharge method )
. 'aleso occurs under different conditions: furthermore to determine the ordét:of-~
- megnitude of the knock limit curve devietions from the Aero Shell lOO curve, '
taken a8 & reference, as a function of the rarious oils.
¢
5 A dlsplacement of the knock Limit cur“e was ooserved for the. gasoline~
" bernzol blend of the seme order of magnitucu. “for the same oil as-elready Ffound
he DBMW 152. From this one can -concluds then z=n influence of the lubri-
ng-cil on the anti- knock velue sctually exists independently of the con~
ditlons of operatlcn endiof the engine used..

~ The mabn*tudn of the effoct of the oil on tho knoek limlt curve depends
en the arometie content of the fusl. An appreciable effect cannot be observed
for fuels with o B4 besis.. (3 mixtures, #s s consequence of their higher
arometic conbont, begln to show dev. which ere outisde the usual experi-
mental deviatlons. . ¥or highl; ety Tacls-such as the gasoline~benzol
blend the differences, }
to as much &s 20 1mr. Hg
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Chenged Mmock c‘wrncteristﬁ»s were shown fax Jeadad eg well as unleadad
vels, depending only on ‘the. eromatic content . . Trim thia 1% wes luferred
Hmu tne tarfest of lesl pdditlon remaln 7 U vueheiued by the kind of oil use;d.

v CE _ - Iitevaiure

(‘.',. F.,thxjienlce H Determination of- lubriw*ing quallty ' expu;mentu
o ' engines. DVL re'oort TB 1250.

®,. Frenle: g£ifect o differont oils of l.nu knock 1imib euevo of fuels.
DVL raport FB 155¢. J

F. Sesber: Testing of fiigLsof “high-entiknock v@ lu\. in . the sero erglne
single cylinder. Tuftfehriforschung J’anuery 1959.

Constructionsl directions f\,p asro-engines, testing directions

for eoro-engine fuels BVM, dctober 1940,
\

Fig.l Knock 'Limh curves of 0 702 .k O.L2 iead for warious lubriceting oils
$hotle DD A% angliz. o -
TH 0OL:  hovdl : oo LECOC: 1800 revs/min.
Compras 1,001, v S
Valve o7eilels O soenik anale,. vyr 702 + 0.12% TEL . .
/

¥ig.? - Knock limit cuves or the VX ';'ovzi:,"*go'? blend for different lubricating
_ ¢ils in the DB 601 engine. - , / ‘

. DB 801: bbost air tempereture 150%, 1900 revs/min.
' Gompression: ‘8.,0:1, Iznition ©5° B.T. c.
-Valve over. ap‘ 120° CIenk. ?r‘glq, fuel: vT ’?06b/"07 O.N 79

- K:\oc'{ 1i mLt cumes oi‘ ¢35 +°0.12 iesd for various ll.bv':Lca %ing.oils in K
the L3 60L ergine. ) . :

DB 601 boost air terrperf-ture ]30‘-0 1900 revs/mn.
Cempreasion:: 8.0 1, Ig,nition 35° B,T.C. ...
Volve overlep 120%, fuel C3 + O. 124 TEL, OQaN. | 95.

4 - Knoc( 1imit curves of CVeb for vpr:.ous lubricating 0ils in the DB 601
engine. C o S

DB €01::. boost air +e7nper- i (, ].900 revs/m:j.n.,_»
Compression 8.0:1, Igniticn
Velve overlep 120° crank engle, »1 cvzb O.N. e’

- Tnoeck, .Lim cuz—ves.of the ‘gasvll x..n.cnzol blend i‘or various lubricents
in the DB ¢01: engines - - ) o ’ : ;:-

PR 6CL: beost mr temuretme “130° G 1900, revs/min. .

Gorpression.8.03Lly I Tgnition %59 B.T.C. A

Velve overlap 120° -erenk- engle Fuel Gesoline—Ecnzol blend, O. ‘\I. 88,5

ok Limid cu'- es “of - L-]H':s afebo]*Le—-b'*nzol ‘blend - for’ various lubricatlng
ix i:‘rief 13"1\1.. 8 “‘, . .

_Liz—ll .g' cst. h ' x-etnra Luu'(, 1900 revs/min.’ )
comprassion B(bel,: Igmfmn 30 /31 ‘B.T: Sy i :
S Valve— Ovel‘lﬂp 141°. ¢renk angle, Fuel Gasoline—benzol blend, 0‘ . 88 3
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Fig.?7 - Approxiinate dovietions of the Knook-1imit curves using Rotring end
i Stenavo 100 from the curve obte obteined with Aero-Shell 100 es
5 ‘& posmction of the eromatic conwmons. o '

PE-60TT—boost-etr-teomperature 153006, 1200 TevsMin.
Ccmpression: .0:1, JTemation 75% B.7T.C.
Velve overlsp 120° craak angle.

Eugine rtn’

Engine type DB 601

, Stroke ) 160 mm.
Bore R 150 am.
Compression.
Capaclty
Combuation chember
Valve tlming::
Inlet opens
" cloces i :
. Tixheust cpens . g3t B .
" closgos ‘ -~ 499 ALT.C : S
Fuel system imjection: start of delivery 26° A.T.C.
Pump © Boseh PZ 2/1000 V 402’ (cam pump) v
Nozzle : L'Orenge 6/38 9-2028 A '
Ignition system: ' -
Plugs — .. PBcsch W 260 T1
Megneto _ Baseh FL 12 36
- . ' usch FL- AL 3¢
Bocst air: . ) : - .
- Blover ’ f1ein, Schenzlin + Bocker, 1.5 atm.
o : .. -srcess 450 w3/, — i
Air hoelsT : WL 24.5 kKW. '
{noliant X ' weter .
Pung ‘Mzcohine ‘fectory Odessa Type S 50/160
I . “135 1/min. ‘
Exhsuat equipment DVL, through silencer, extraction fan.
Breke eouipment” ST Y . Siemens gonerstor type A € 247’
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Tnspeciicn rf Fualy,

g b
Aab

7LD T 67 2o 25% waloalod VL 762 + . .03 % 0.12 TEL
oSy gaonllne . 0,15 TEL ey
esdee. 75% eviation : , :

707 ' , benzal

B0 /41 L87 {42 R0 AL T T ACE 40T T 1B 4R

mixad Ty m;f._—-;” P ¥zed WY frescniakwerk wile,
C VL Coawlz . Lex ... _Merdeburg  gehliferhod

Suppliéd Ly

8p.0r. @ 209 T O0.7Y60  0.8023 BEG 2 T o.7642
~Refractive Index .

Apzo 1.4368 ., 1.4537 555 1,4307
Water- solu‘oility g o 0 s " L ]
R:ig vapour presuue 3;3"3 L 0.335" LA . ‘ 0.425

ullle ; e . .
mathlation' °c. o ] : SRR
. I.E. P, '6° , 50 . 4B:5- B8 50
T UOACE S

2 74 .30 L L 74
20 S 80 90 2y . - 83.5
20 R 86.5 08.5 | 8i.5 o C ez
40- L. l..9B45 10e’ 84 .83 v .99
50- T 99 -113.5 a7 108
€0 108 388 8y~ o7 ©118.5
70 - S b 1 130 e 108 138
80 . 128.5 140 . 100 112.8 . - 147.5
90 M43 0 1Bl.5 . - ls 123 . 186

F.B.F. % G . 98/160. _ 97.5/165 99/146 . e8/144 - 98133 .

Corrosive propers . : :
tiss, Cu, Al-
rivets 3 hra.,
5000 - : .
thim, mg /109 en® 1.8 . 1.0 2.8 | R4 6.6

Orystal Lizetion - under =80.. ) : - 5

. point -‘C K ghul_,r undor 660 X ) mde:: —60 under —60

010‘-1(3\,') vvvvvvvv e .. ' T

‘TEL by iod;ne me} hod 0 . o ,12 cn. 0.12
Iodine ¥o. (Hanus) ¢ B.61 - 5,80 o T.2 T 4.25
Aniline point IT ©q- 48,0 5844 © . 80.2 58,0
Arom. & Unsats., : ’ k : e
w.% (Retbwinkei) . BB .3 22 . . 44.8 (1)
Nephthens. % 53,0 - o7 26,5 . 1B.4 (1)
Paraffin e 12,4 9 . 5245 3648 (1)
¢ content. 4 - i 88.? 7 90,3 . 'B5.20 87 (2).

Ep content % ] CU3LaB o eSS 14 73 15 (8)
Oz content’ 9 0 0 0 DR

o/ ratio 1 4 ' R8T 9.4 5.'78 , e 7
Thaoreblee: ai O S D s N .
roquirement kgfkg - 14:.0 A7 o ?‘4-8.5 . ;—4'4'

e omaate _ 9901 e84 - 1057 10850 (2) -
Octane No. (m,m. = 79 "eé.5~ et 95 ‘

wnchanged unchan.godk'z;ci-::ngué : \in'changed . unchanged

ained’ £rom’ Drugehnen depot;)

(1) or #54/4L (sigures bt
ifie g,ravltj. .

{2} calculated ﬁ‘om spse
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D RFOKSCHUNG
Rosearch report No, 1859,

Extension of . the FKFS rapid metinod for

dotemining the lead tetraethyl conten
of fuels, » Widmaler. ] , ) K

Symopsis: I r pointed out repeatedly that difficulties are
‘experienced when ihe IKFS method of determining the lead content is applied

_to fuels which ccntain unssturated compounds, peroxides'and resins. Al though .
‘puch fuels cennot be used for aviation it is importent that it should be o,
possible to moke e quick THL determinetion on ceptured fuels which are wanted

for use at. the front.

Detailed experiments with verious fuels heve recently been cerried out at
the Institute for this purpose. The:d experiments will be described belows’
They show thet the FKFS method of determining lead ‘may be generally applied -
particularly in the leboratory et the front.. ) . ' '
__Index:

| —————

'

1l.. Introduction - L
Extraction of couponents sensitive to iodine with sulphuric-aecid.
a) Effect of the time of action of the sulphuric acid on.the lead tetraethyl
in the fuel.’ ‘ o . :
b) Assimilation of iodine base fucls after trestment with sulphuric acid.
Effert of the water content of the fuel ‘ . o
Effcct of potassium iodide in the alcoholic solution of;iodin‘e. i
Effect of the experimental conditions on the chemicel reactions between
lead tetrsethyl end iodine. t '
Effect of tempernture on the reaction of iodine with TEL.
Particular characteristics of FKFS lesd detemination. :
Working directions for the genersl epplication. of the TXFS method of -~

l. Introduction
. At the beginning of the war the Reichluftfehrtmini steriun made-an urgent
request for the development of & rapi'd method of determining the content of
-'lead_tetraethyl in fuels. The institute has complied with the request; and
elreedy in the spring of 1940 they were able to issue such e method. This
method gave accurate values for the lead content of the usuael fuels. The
range of varietion:for somwe types of .gesoline, howevery wis still too large; these
types include hydrocarbons which are unsaturated end- which tend to guuoings

. This raige of variation is due to the fect ‘that, &s is well known, the
eadts not only with lead tetreethyl but to some extent slso with
ted hydrocarbons. a ’ :
One cen understeond these reactions if for example, one considers the:. -- °
chemical properties of olefins end the general reactions -of .the halogens.- :
Wheress chlorine end bromine add smoothly on to ethylene hydrogarbons, iodine
edds on psrtially.  The following reection occurs hers, the haelogens being
. denoted by i - -t S ' ' }

- Cnﬂaﬂ.l C(H w _CHZ +Xg - 'ouﬂzn;,.ly CHX Cﬂ o "

. When iodine adds in this way the observed lead values will be too high.

'
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If potessium iodide i3 £dded to en n/10 solution of iodine in Bthyl
gohol 111l iodine - potessium iocdide (potassi\m‘tn-iodide) is formed this
will heve the effect of slowing down oSide ITE s-end—ekimineting=
most cases. The cnlergcuent of the iodine molecule.to the fodine-potassium
{odlde molecule has the effect of & steric hindrance on the reection with
unseturetéd hydrocerbons; .this favours the addition of iodine to lead

" tetrasthyl.
.

i

Convorasly, lead values mey &lso turn out too_low; this mey happen 4n e .,;3;\“

the prescncs of suhaitonces which cen act as oxidixing sgents. e. g, bhydrogen
‘porcxite v 0 puic peroxides.  These oxidizing agents liberete fodine fiom
the potass fodiés conteined in the alcoholic soluticn of iodine.

~-inin end aliminate ell possible sourses of error in the
¢ in the various fuels which ocour &t the front, &8ll the
enéing the =ceurecy of the lead. determination according
S method were cxemined; & new set of directions was worked out
es .these possibilities into- accounts L o

2. Extraction 'of iodine- sensitiv 'eml eht}s by means of sulphuric acid. -

- Any olefins and arometics which are, conteined in the fuel end which would
felsify the FKFS. iodine method are separated off by means of concentrated.
 sulphuric ecid; the iodine will then add on only to the lead tetraethyl..

It is also possible however that in the reaction with olefines and arometics -
-gome leed tetraethyl mey be trensfomeéd into led? sulphate‘.“

Numerous .experiments were carried out with sulphuric, acid of various
concentrations. It was found that sulphuric acid &t concentrations up to |
70%4 has no' noticeable &fTect on the lead tetraethyl if it is in contact™ for
only a short time.s The experiments described below were then carried out

with 70% H2504. . )

a). The effeéct of the time of contact of sulphuric acid on the lesd tetraethyl
in the fuel. . -

‘The fuels were treated with 70/ HgS04for 15, .5 0 and 120 secs. in order
to find out the most suitable time of contact. "The values of lead tetraethyl —
_ found in ‘this way were compared with the velues found acoording.to.. Ulrich's
‘sulphete mesaoa. - Tetle 1 shows that for“a sheking time of 30 secs. the B
 sulphuric acid forms no,or & negligible emount of, leéad sulphate. A sheking
time of 20 secs, was therefore adopted. ' e - C

b) As 40 of doliine by base fuels efter they have been treated with
ecide L e - L
. The mssimiletion of iodine was detemmined for a mumber of fuels both
before end after treatment with sulphuric acid in order to find out ine
effectiveness of the 70% sulphuric scid. “Tgble 2 shows that the effect of
sulphuric acid is perticularly clear in the cese of Roumanisn gasoline end
gracked gasoline. In general only certein. resin constituents end the higher
molecular olefins are removed by the 70% sulphuric acid; this produces only : 3
e very slight volume chenge in the fuel. This volume change need not be taken
into eccount since it was shown by later experiments that some lead tetraethyl
is destroyed in step with the decreasing quantity of fuel. It is remarkable
that the olefins which are added to the Leuné gasoline, ViZ. caprylene and )
hexylens ere not- seperated off by the 70f%- sulphuric acid; they do notassimilate
- eny i¢dine either end therefore do not sffect the leéad determinetion. - It
must thus be essumed thst only, the resin: consi tuents snd the high molecular
okfins tzke up eny iodine. o - S L
— . '-The moTe or less strong effect of the sulphuric ecid glves an immedizte
indicetion of the iodine sensitivity of the fucls shown byj-thé intensity of
the brown colorstion. If the brown colorstion is slight one uses20 ce of
70% sulphuric ecid end 50 cc &f the coloration is intemse.” : TR




, 3. PBffect of the water ConvfAs Lo o-— ==

- ®, Fffect of the water content of the fuel.

. Tuels have vorying cepecities of absorbing weter, depending on their
chemnicel compositions; this fect has to be considered especinlly for the
following fuels; heavy. gesoline, Roumenisn gasoline, synthetic gasoline and’
cracked gasoline, If this i3 ommitted the load tetraethyl contennt nf the

' : cat clweys determined too low; this mey .be seen from trble Z.
»fore necessary-to dry the fuel to be anulysed with sodiuni sukphate
srenment with sulphuric ascid end w=ter. After the tuel liec been

1t of lead tetraethyl will bo dehernined corre fa The N
t of water in the various fuels mey ulso e sean rrom tuble

: ¢ff potassium-iodide in the aleoholic solution of_io
oo A solution € iodige in ethyl rlcohol seturatad with, potassiun iodide
ig preseribed in the old directions  for the FKFS method of determining lead.
Now-it wes investigsted what wes the minimum emount of potessium iodide
in the elcoholic solution of iodine which would effect a complete. conversion
of the lead tetraethyl in the prescribed time, S R ‘
| Téble 4 shows thet without“potassium iodide’ the elcohplic solution”
of iodine gives leed tetraethyl values which are much too high. Solutions
of iodine conteining 0.1, 0.9 end 1.0 per cent by wt. of potassium iodide
 still give leed tetraethyl values which are too high. Only when, 1,56 by
wt. of KI'is added to the iodine solution does one obtain goocd velues for
the lead~tetraethyl; 1.25 by wt. would however have been sufficient, since
there was 0.25% by wt. residue of potassiun iodide. Larger amounts, of
potassium iodide have no bad effect on the detemination of lead tetra~

ethyl.
- !

5. Effect of the experimental conditions on the chemicel resctions hetween -

lezd tetrcethyl snd iodine. . R

Although iodine generally reacts slowly in organic.snlvents end elthough
he rezction with lead tetreethyl cen be cecelerated by shaking 1% has been
i fhat the-lTeed-tetraethyl combines with iodin titatively in a short
tims by simply allowing fhe réaction mixture to st "The "exp,érimental
results are sumnarized in teble B. ' : T

Apart from greeter simplicity, ellowing the mixture to stand enteils
g hignher acouracy in the case of fucls which are perticularly sengitive, to
“iodiae. TLis mey be demonstrated particulerly well for the semples of
Roumanien gesoline gnd cracked gasoline. Whercas on sheking the velues
for the two gasolines very from 0.0974 to 0.1019% by vol.. znd from 0.0972 to
0.1009% by vol. respectively, the velues only very between 0.0997 end 0.1002, .
and 0.09689 end 0.0996 respectively when one allows the mixture to stand.
Even if after the trestment ‘with 70% sulphuric acid the basic gasoline stil1l
tekes up some iadine, the limit of variation of the leed values is low for
‘one end the seme concentration of leads - : o ‘
-Bs
.. The regulations and constency of the tenperature at which .the addition
of iodine %o the -lead tetraethyl occurs merits special attention. The ’
tempereture must lie between 15 ond 20% . NE - s
. Teble 6 shows that the lead velues ere too low when the temperuature is,
below 100C, the values ere too high when the temperature is above £0Qc.

¢

1

r
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. _Charcctar cs _of the FKFS lead determinetion”

LAGES

the meny. lesd determinations that have been corried
the sterch which is added durirg the titration couses
:wng of the fuels. These are probabdly due to the _
s cdaorbed by colloids. For this reason {re titration
2d ont without etarch, . Tho tute of FiiFabion
coositle since  SCIC Mo dine nlght 0dd ond
> bitration. .

v

she

v, one hes to poy ettention o tite Tollowiiyg points:

“anperasure oi the fuel should lie between 1T end 23,
The 7¢% sulphuric ecid should not be in contact with the fuel. tox more
than 20 secs. o )
The alcoholic solution of iodine should nmot contain less then 1,286 by wh.
of K.I. : :
The iodine solution should be in contact with the I
without sheking end in the dark. P
One should, if possible, titrate without starch.
The titration should be cerried out-as quickly a3 possible.

wel Por exectly 6 mins.

tions for the of the FKFS method of

cohol-free-aviatlon fuels A3, B4 end CB.—. oo o _

The .fuel to be analysed is brought to between 15 and 20°C; 25 cc of the

fuel sre measured out with a pipette and trensferred into sh iodine number

- ¥lesk witk 5 cepacity of 100 cc. -~ 5 cc of the N/10 elcoholic icdine -
potassium indide sclution, sténderdized by e blemk—detemmination, ere then.. . ..
added (1Z.7 gm anelyticelly pure iodine end 12.5 gm enalyticelly pure
potassinn icdide are dissolved 'in 1 1itre of enhydrous ethyl alcohol).
The mixiure is Left standing in the dark for exactly 6 mins. Tiie Lodine
excéss is fhen back titroted with a microburette aguinst n/10 scéiwa
thicaiphate an guickly es possible, without the use-of starch.

ipe content of lead tetraethyl in volume per cent ig then given by the
emouns of /10 alcoholic iodine solution that had been used after multiplication
by 0.0391: : . )

b} Mecbel free fuels with en jodine number preat'er then 10.

. 50 cc of the fuel to be enclyzed are. shaken vigorhusly with 207 -svlpharie

acid for 20 secs. ~ The emount of sulphuric mcid depends od the intensi by

of the brown colour of the fuel; it veries from 10 cc %o S0ce: 10 cc are used
if the coloration s slight; 50 ©éif the coloration is intensé. = As soon
as shé leyers have separeted the sulphuric acid is run off; the fuel is waslied
with water twice; the ground seat in the shoking vessel is also freed of
sulphuric acid with water. The water in the fuel is removed by adding
aphydrous sodium sulphete into the sheking vessel; the drying is often compl ete
only at'ter vigorous sheking. ' The fuel which is now perfectly entydrous is
“now tested according to a). :

'

- ¢) Fuels conteining elcohols

‘Fae-ls; teining ‘aleohols have first to be freed of the elcohals by
washing with water. They can.'then be treated according to &) or b)
_respectivel . . i L s
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riep in the general application of the FAFS method o all
« nn tho vreatment of the fuel with 704 sulphavie acia.  After
I « with' water it is then dried well with enhydrous codium
sulpkatn. e penctlon between iodine and lend tetraethyl is then.allowed .
to procead without sheking. : : ) L.
. ‘ : !

. This now aethodt hes the prrilcular merit of meking the FKFS mcthod of
determining lesd suitable Tor mobile l-boretories at the front employed
in enalysing csptured fuels. Although the method hes been extended one
lead detexrmination only takes 15 mins. ‘ ' ‘

(e

(Teble 1 on next poge. )
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PABLE I

wefect of the time of contact of 70% sulphuric acid on the lead tetraethyl ﬁmn; in the fuel

. - - Amt. of TEL TEL content H Shoking time = Shaking $ime  Shaking time v
Dencminstion - meas. out ‘ace, to Ulrich- - 15 sees, with 30 secs. with 120 sece. with
of fuel in vol. % vol. 4 - 10 ec. 50 ce. . 10 ces 50 cc. 10 ee. 50 ec.:

" Roumapian

gasoline 0.1 ) 0.09¢5 o.Ho.m,m 0.0988 - 0,1009.0.0982- 0.0985 0.0919

Synthetic | .
gasoline 0.1 v O.HOON. a 0.100 0.1022 O.wommm OJHﬁN.m 0.0950 0.0945

' Iso-octens L 0.0993 - 0.1001 0.0978 . 0.0997 0,097¢ 00982 0.0919
. . : B e

Antomotive

gasoline - 0.0224 . 0.0242.0.0227 0.0235 0.0215 0.0219 0.019%

i

Lsuna

gasoline 0.0988 -~ 0.0885 0.0989  0.0885 0.0985 €.0980 0.0977

]

Alkylate 0.1001 ' 0.1005 0,1001 0.1001 0.0979 00997 0.0970

gasoline

Hydrogenated .
gasoline

: 0.1002 0.1017 0.1017 0.1024 0.1015  0s1017,0,100L.

. | S
A..ww?mw, A o.Hmom 0.1205 0.1197 - 0,1205 0,1189  0.1210 0.1183

, 63 fusl ‘ o 10,1230 ' 0.1228-0.1235 0.1252 0.1220  0.1224 0.1208
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Table 2

Effect of 7 0% sulphuric acid on the assimilation of ijodine by the fusi.

;o

Gasoline semple ' © dmount of . . Assimilation of n/10 iodine solution

H2504 used cc = before treatment after treatment
' with HpS0,4 cc with HgS04 cc

C000O KM
NOrawol

Roumanian gasoline 80
Cracked gasoline’ - B0
Synthetic gasoline - 10
) 10

20

[eNeRoNe)
WaGg

Leuna gasoline
- Alkylate-gasoline
Z-fuel )
. ‘Hydrogenated gesoline ° - 10

jeRoNeNoNoNoNa)
goo0000.
[eXoNo]
[cNeRa)

i

Teble 5

Effect of water in the fuel on the déteﬁnination of lesd tetraéfhxle- -

. D"eho'minétion of fuel. R Theoretical . . Obse'rvedrcontenvt of TE'_i‘n
N - content of . | fukl aat. . fuel dried
. : THL Vol. % with Hgo " with NagS04
' : A . / N

Iso~octane o T ) . 0.0993 10,0989 i
Heavy Gasoline ' 0.0903 .. 0.0878
Roumenian Gasoline- . 0.0919 0.1024
Leuna Gasoline, . .. ‘ } 0.0v66 0.0985
Synthetic Gasoline : ; . 0.0809 - 0.l028
Cracked Gesoline 0.0172 .  '0.0215 .
Autowotive gasoline 0.0160 “Tg.0192 ,

——— e e




> ‘ . Table 4

- Effeet of potassiuwm iodide in the alcoholic sblution of iodine on the
' deteminetion of T.E, L. ’ )

Denomination of fuel ' Theoretical Obsérved TE L content in vol. %
' content of . Solution of Ip used, contains:-
THL voli %  0.1%by wt. 0.255 by 0.5% by ny 1.6 by
- KI wt. " wt. e W
KX KI L3 KXI

1

_Roumanien Uagoling’ 0 | 0.1204  0.1242 - 0.1056 0.1856 0.1009
Tso-octene . ., 0.1067 © 0.1045 0.100L,0.0999 0,0985
. Synthetic-Gasoline ‘ 0.1142 ©  0.1094 0.10247 0.0985 0.0989
, o T : 0.1020 '
‘Leuna-Gasoline ' 0.1067  0.1048 0.0993 0.0989

Table 5

g

" “Determinetion of TEL under virinus experimentel conditions.

Determinution of fuel Theorotical’ 'Tanp. ;Observed content of TH, vol.%
' . content of o¢C, Sheking time Standing 6
L vol, %. 5 min. . mine

- 0.0985 0 0.1002
0.0999 . 0.0998

..Iso-octane’
' 0.1009 T 0.0998

L "

" 0,1019 0.1002
0.0989  :0.0997 .
0.0974 ' 0.0997

'ROumanian Gasoline
.n" "t

" "

0.0989 . 0.0995
0.0975 '0.0995
0.0993 " 0.0992 .

Louna Geéolin‘e
" . "

n ‘ oon
; ‘ |
0.0972 0.0996
0.1009 0.0989

- 0.0992 0.0989 -

Cracked Gasoline
.n "

n o "

| 0.1003 0.1004
0.1009 0.1008

'Syiijihétic Gasoline -
" L L .
0.0996 T 0.1005

BB 388 B8% B33 38y

” .
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Teble 6

Effect of temp erature on the determinetion of lead,

Denomination of fuel ™ Theoretical Tamgerature 'Ohsarved conbent of
. content of C. TEL vol. 4
e ) ) L TEL vol.#%. . : : ' oo

0.0891
0.0946
0.0848
0.0962
0.0970

, Roumanian Gasoline.
" . -

[N
.

1
1
0.1
0.1
1

[oNe]
.

0.0999
0.1008
'0.1028
0.1036 -

o.

000
o9 8
R

0.0661

0.0650

0.0825
.0.0837

0.0954.

0.09%0
~0,0982 -5 .-
1 0.0987
©0.0985
©.0.0993

?.OOO

200
.
—

o'0o
< o 8
PR L




:. FD2876,461t80

'L I pri‘t Nc, FB.iéég S Rof'e = 2WB-FB-1860 ==
15,7.,44 . .. . '
Franko, ‘
DIFFERENT KNOCK BEHAVIOUR OF FUELS OF DI FFERENT
CHEMICAL STRUCTURE IN TEE ENGINES BMV 132 N and

. DB 601E ) '

SYNOPSIS: )
g Tosts had shown that the knook ‘bohuviour of fuols doos not only
‘depond upon the tomperaturo of the unburnt residunl mixture cnd upon the
‘resulting chain introducing renctions but that it is also determined by -
.peroxjdes which moy olrendy be formed on unvoporized fuel particles during
“%hé mixture formation.in the compression stroke, . These poroxidos influence -
_ the Imook procesg considernbly,. A lmock 1imit curve with its minimum in the ™"
region of P '= 1,056 shows tho first kind of reaction-clenrly, Tho séoond kind
has its lowest anti-knook valuo in the rich rogion, nedording to the tempere
ature of tho ongine and tho type of fuel; and from this minimum in the rich
rogion the curves show.o progressive incredse of the aati-knock value, Since
aero-engine fuels in the BUW 132 N engine - when tested oscocording to the
/DVL- supercharge mothod - ghowed kmock limit curves which had théir minim at. -
A =.1,05, it was noocessary to £ind out whether correlation could be obtnined
with fuel ratings from knock:1limit curves hoving thoir minima in the rich
raglon, Nuwiercus fuels of extromely different chemical oonstitution and of
différenh enti-¥nnel velues were tested’ in the om;,ines BMW 132N, BD 6014 ond
.DB 601E, . These fuels differed o~ngidernbly ds rogards their absclute enti--
knook velués ¢nd.also in their order of rating, The effect of these results
o _on.the fuel rating according tc the DVL suporcharge method is discusgod and
. ‘the negd pointed out for fundsmontal knock tests in an engine which gives
* Ymook-timit ourves withmimlne in the rich vegion. - .

" CONTENTS

- I. Introduction ca — :
IT General rémcrks in knock behrviour and knock
limit curves, : : : ' ’
III- Test procedure
w g
v

Test Results
Summery e
] ;o ) .
INTRODUCTION:
o Lol - The:constently. progressing deveolopments in nero-engine dosign
and ‘the endgertour to obtain moximum cutput from o given.oylinder capadity . "

_ among. other mopsurcs led to an inoresse of the valve overlap,. By this menns
the residunl gnses ore :goavenged and an.incroase in volumetric efficiency is

achieved,  Furthermore, .the flow of scatenge tir during the overlap-period———-—=""

"/ has o -cooling effesct on valves, piston and combustion chamber wlls, so thot, -
in spito ‘of the fuict that o highor .power _is. -obtained from the same cylinder.
onpacity, the overall thermnl condition of the cylinder is reduced,

", - However, the knock behaviour.of the engine was affected in an
worarunl woy,  The reletively eroler stete of the onzine ot certain mixture
. S,f!‘_ens'th.s ‘is detrimentsl t~ the wrroriz-ticn of the fuel, This led %o pre= .
reagticns of the non-vaporized ‘fuel particles, soinfluencing' fundamentally
.‘the knook behavicur, and the shape of the knock 1imit ourve differed fram the
‘usual €ype, = The testing of nero-engine fuols according to the DVL supercharge.
method is tased on the well kmown type ‘of knook limit curves with their =
minime at 7y = 1,06, The rating is done rooording 76 the ‘absolute height of
:this point in oomparison with ather fuels, "It wos to be nssumed thot inm -
. engines which ghow different types- of knock 1limit cuve +the ratings and the
absolute anti-knock volues would not give good correlrtion, L

B Fuels D.S ohemically diffare!rb ns possibla'nndwith di ffere!rbunti- ¥
\l.kn°°1_< yolues wore tgsted by the DVL super/phnrgexmethod_yvith”n ‘BMN. 132N-oylinder,

IS




Thowsoto fasls woro thon tosted im on ongine which gave knook 1imit ourvos
with minize in tho rioh rogion os woll 68 ourves with minim -at »- = 1,08,
Thus it wng possible to dotormine whether the variations in the fuel rating
%mmdﬂme*nghmuML%W° of tho imoock 1imit
curvos, -The oconclusions ronohed should thon show sthor tio DVL-suporoharge

mothod. with the BMN 132 N engine s suffiolent for ‘the roting of fuols or -
whethor it is nocessary $o oorry owb tests on another ongine typo.

I, Genernl Remarke on Knook Behaviour and Knook L}rrli_'b_ Curves, '

A . Tests on. 1liouid ccoled enpines vndertsken to cetablish their
“Jmock behaviour-under various cperationn) ccnditicns cend with various fuels,
resulted in e number of. knook 1imit curves which wors otally @ifferent from
the usunl ones,” The opinion'genernlly hole that the xmock 1imit ourves )
hnd only one shape in any oiroumstances ; andopeudont of *the fuel and operating
conditi-ns; could no longor 'be,onter’caihod.‘ir. the 1ight of those tosts, Ihe
knook limit-ourvos which hitherto obtoinod in engines hed the  charaotoristio
. featuro that tholr minima wore alwoys’in tho regicn ~f the excess oir ratio
N = 1,05,. From this. poinjb’tha?‘-nnti.-knovak vaoue of the fuel inorensed more
or less sharply, end thus gnve %the well known form cof imock 1imit ourve,
Both the-position of the minimum ond the incrense of tho anti-knock value
cotld be explained by tho theories and discussions which try to intorpret
knook bshaviour, B : : o

Fpom nll thé various theorios which were put forwerd to oxplein o
the knocking cambustion of more. or less large mixture residues the
Ycompression theory" provéd to be best, Aocording-to this the flame front
-origineting from the. sparking plug is propogoted with o _velooity depending
upon the guality of the mixture formetlon, tho prossure, ‘the ‘temperature,
“the exocess-cir amd Pinally tho turbulemoe, This, flame-front incrensges the
‘prossure . and tho “temporature of the unburnt mixture,- This lecds to renotiong

. in ‘the, residunl mixture, These ronctions produce: unstoble ‘products and- 80
‘ have o chain storting effeot and 10cd b0 o rapid reaction, .The resulting
sudden pressuro risec.and its exponsion in tho combustion chomber produce the,
. characteristic Xnocking nolses when the gosos sbriks tho oylimder wlle ard
“the piston, : . ’ : i ’ o

Aecording to the compression theory the start of ¥nocking is due

‘4o the thermo dynemic ecmaition of the unburnt fuel air mixture, The,_ .

. factors affecting the temperature 1imit which couses “the self-ignitio f
the fuel in:theé unburat mixture arai- tho comprossicn and its time varintion,
the temperoture and 1its voriation in time and pl s woll as the mixture-
composition and 1ts variation, Tnder givea Opura conditions, o,g.when
plotting a-go=calléed fuol: loop, alboereti o mixbure composition under
suitablo conditlons con ohange the t4ug Frock froe region—to thes= . ..
knock region shnd vice versai md positicom influences the kmock
‘pehnviour through the different end ! vaturag of the unburnt residunl,
mixture, ' The differenco in the end Gemperaturc s causold by the clteration

- of the quotlent Cp/Ov ond by the differences in the combustios tempernture
itself, Jost and his oqf.llée.guas‘ cgloulatod the volues of the tempernture and
their varintions, For-a gasoline of menn molecular weight 100 and oomposition
-(ﬁ!Hz),'1 they . considered the disscolation of_tho combugtion gases and expressed
the oxnct course of the specific heot. in torms of the air Tatio, Then they

~“found the values of the end ‘temperntura of the unburnt residunl mixture os
shown in fig, 1, Tho highest tomperature of tho unburnt mixture 1s in the '

" reglon of M 1,05, In ngreoement with this foot o fuel locp plotted 'in the
‘game diagram shows the start of Xnocking. in this roguon when operating
‘eonditions favourablo for the aeot of lmooking are veachod and the Jmook

- ftself is anly conditioned by the procossos in tho unbuznt mixture, .- :

RN We con imgine that tho-well Jmowm knook limlt curves o‘_otb.inéd
according to the DVL supercharge ‘mothod nre obtained thus:is:. From o number-
of fuel loops a% different constant bodal prossure the points ot which knogk= . -
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ing and ends ore plotted ngainst tho excoss air ratlo, The minimum
-3g.6t >\ = 1,06, -They with the oorlier onset of knooking at higher boost
presswres, in cocordance with the fuol end the other working conditions, the

qurve rises on both sides of the minimum und “shows tho well known. form of o
¥nook 1imit curve, . . ; : !

A different shapée of knook 1imit ourve could be obtained with o
minimum in the extreme rich rogion pnd showing an almost lineor rise of the
anti-knook value over the whole region of the exoess nir-ratio, Extonsive
tests with varlous fuels and under difforent operoting conditlons gave-o .
oompléte explonation for the couses of this difference from the normal knook-

. bohaviour, It wns found that, opart from the chomical constitution of the fuel,
.the thermnl state of the engine wos solely responsible, This type of ¥nock
1imit is not necesserily n chrrocteristic of the liguid cooled engine,

_ Liquid cooled enpines of older tyvre or ‘under specinl.conditions of high

.. thermnl londing give knock 1imit curves with thoir minius in the region of. ...
A= 1,06, ond there’are also air cooled enginas which give curves with their

minim in the oxtreme rich region,  Tha droplet theory of Collendor wos

used to ¢xplaoin this beheviour, It is not possible bto-vxpluin here all. the

faotors influencing the knook limit ourvos which havo their minima in the

rich rezion nor oon the theory of Collendar be presontod in detail, = Only

€hose ‘points will be montioned which have o bearing on the rhenomonon with .’

which we ore denling, . o . o '
. Callendar was able to show thet in the presecnce of non-vaporised
fuel droplets the formation of peroxides jnoreused, Aftor a lorge number of

- tosts -1t boonme clear that this was the moin factor rosponsible for the :
alteration of tho shape of knock 1imit ourvo, -Fig, 2 shows two ¥mock limit
curves which were obtained from engines of o simtlar design, ond could be
compered .direotly, .One: of the ¥nook 1limit curves comes from the DB 612 sloeve
valve engine and shows the woll lmown behoviour with_ the minimum’in the region’
of \:1,06, The DB 601B difforod from tho preceding type only in the design
of -wlve gour ond. in the.-valve ovorlap, Its knotk limit curve in the lean’
region wos almost the samo under suitoble oreroting conditions, and- its
‘anti-knock volue in mm, Hg, boost pressure coineided with that of the DB 612
sleove wnlve engino in the reglon X =1,05, But whilst tho sléeve valve.
engine with the frll in temporature of the arburnt residunl mixture shows
from its minimum omwnrds o rige of the anti-imock value,” -the~ anti-knook-velue
of the DB 601E falls ‘continuosly from this point ond reaches its minimum in:
the region of A «0,7.- It 1s clenr that the two similor ‘bronches of the knock
"l'mi_t*curvea-in—the—loan_negiwhe como couses in the engine, Of
course diffevent bocst nir temrerntrrog most borselected necording to. the
. different thermel cenditiens n~nd the Aiffarent volve-geor. But’when the two
" curves  seprFote; oconditicns onre Pundemantaily different, The vormul riso
of the enti-knock value of the slesve valve enirinc -in the rich region is .
“due to the temporature drop .of tho unburs suro,-bhis_being due to the .

i enrichment of the mixture, This norwm.l 2 4he onti-krock velue in'’
the rich rogion contrasts with the o @ of ‘the curve of rthe
_conventional engine with greater valv vy This largs valve overlop of

1209 crank engle results; through the completo scnvenging of residual gases

-and-the ndditionsl cooling offect of the scavenging air , in the whole thermal ~ ~
condition of ‘the engine boing reduced, The fuel entering the cylinder.

‘during the injection process hes therefore no o‘pportuni'by to vaporise come

" pletely.. Pard of the fucl, depending on tho degree of mixture enrichment end

on the operating conditions does not vaporize but remnins os droplets, These
unvaporized fuel particlos form peroxides during the comprossion stroke )
_according tc the theory of Cellender, - These poroxides are the unstoble prod-
" ucts which are. the main cause of the onset of knocking,  Knooking therefore
starts much earlier in an engine which forms knock ¢roducing unsteble products
not “only during- the. flome trevel in-tho. combustion chzmber but also during the
compression stroke, - Fig.2 shows ‘for the DB 601E- thot this state of affaire
becomes more. ovident in the rich mixture region, For by inerensing the
guontity of the injooted fuel the:temperatura of the mixture is still further
. ‘reduced by veporization,: and thers ‘is u. igrgor nwmbor of non=vaporized fuel
particles and poroxides. The consoguerice is that the boost pressure must be’
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redvoed in order to ecounteract the kmook produoing"effootr of the peeri:!ea,

- 2 o fip. 2 and ornsidering the cffects of such pro-
renotions in tho mixture during the oompression STro gonthe nbaolute
position of lmock 1imit ourves, the following erysers, As montioned
proeviously the ourves of differont type with approximately equal neight in
the region of MNe 1,06 oould be obtained only ot difforent boost oir
temperatures, , The knock 1imit curve of tho sleeve valve engine wns plotted
ot 130°C boost sir temperature, while the ocurve of the comventiomal englne
had the same form and almost the some absoluto anti-knook value in the loon
region ot 80° boost air temperaturo,, Thig difference in the boost air :
temporature nocessnry to obtain the same anti-knock voluo, is due to the fact ¥
+hat engines with sloeve valves for the some design of the combustion chambor
have o higher anti-kmook walue than ongines with o conventioml valve system,
in spite of the higher thormal Jovol of the sleevo volve engine, Fran the
point of equal knook bohaviour of the two engiros in tho loon reglon the -
aron botween the two curves fromd=1,05 cmmrds must be considored ns o loss
in gntidenook walue ‘due to the peroxides on unvaporized fuel prticles, i

: Considering now the knock limit ocurve of the DB 601E.engine ot
130° boost nir temperature also plotbted in fig, 2, First of all there is
_on inoreanse of the anti-knoock velue when the boost.air temporoture rises,
The loss’ 4in enti-lmoc" vrlue revresented by the shaded arec 1s thus reduced
But it ryreers.to be completely inexplicrble ot first sight why there 1s
suddenly an inorense of the anti-knock volue when the boost eir temperature
rises, - This phénomencn doss not agroe with' the compression theory of knook,
Bt furthor consideration of .the footorsdetormining the Imook limit curve with

o minimuwm in tho rich region moko this knock behnviour understandable,
Since the .vnporizaotion of the fuel improves.with. inereasing beoost eir temper-
-ature the proportion of unvoporized particles and also the proportion of the

perox1dés deorensos, . Thus. the boost pressure may be. increased at the seme.
mixture gtrength for the same kmock intensity. E : :

A cqnséquénce of this reversed temperature senstivity of fuels
. moy be mentioned,. _In.order to_ incrense both the power and the mnximum power
nititude of nero. engines blower speeds have beon incrensed more amd more to—— T
obtain the nocessary pressure ratio, This also increased the boost eir
temperatures, -As: o counter meosure inter-coolers were. proposed because an .
‘engine with normal knock behaviour can enter the: knock region when the boost:
oir temporature.risos, An engine having: knock: limit curves: with ‘minima -in the
“rich region will act-quite differently, sinco:such k ‘behaviour doos not -
necessitata the reduction of the boost pressure wit inéren; boost. alir
temperature, " Extensive. tosts, showed . thot. with o number. of suitably selected.
fuels tho boost pressure moy be incrensed so much that the roduction in G
- yolumetric efficiency due to the boost alr tomperature rise is balanced and :
the .same power: is. obtained., . .- R : . ‘ :

c :The: fact that engines showad o ‘fundementally different knook .

" beheviour: nocessitnted further study..of: the fuel rating by the DVL super- o
- charge method, - It is cuite. possible thet, becouse. of the fundamental differ-
ence in the knock limit curves. differencos in.the nbsolute anti-knock value
mey cecur. betwoen fuels to¥ted ¢ ocortine to the DVL, superchorge method in.the

. BMW 132 enging ‘tnd ho:suho fuels used.in the sctunl engine; morecver .the 0
order of the _rotings my chunge. . Thore mny be 'differences in anti-
knook volue due to the fact that, the temperature sonsitivity of fuels is .
-oppossto for tho forms of knook limit ourve,. Whilst: fuels, tested '

. avsording to the DVL supercharge mothod in the .BMT 132, show with inoreasing

"t SN PRtk o T

boost air temperature o r d\;o_'b;lon.ofgfh,o.ax_ﬁ;i-knock“vnlue, the ‘some. fuels

tosted in the DB 601E éngine, show en incrense of limiting boost pressure,
| For the some regson the rating of fuels, which is determined ‘from the )
relative positions of the minime may te eltered, :With e favourable selection
of the operating eonditions during the. test procedurs, pc.rtioulnriy_with a
- -~ suitable boost nir tempernture,’ it may:.be possible .to-obtain o nearly con=.. .
" sistont rating of fuels, Bub the conditions .thus found cre never of any ’

t - . .v
- . . . ; i L
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MRYT: mﬂss_wi_{m’wm“g conditions of the min engine are very
differont from those of tho tes W’b‘“ﬂ-}“—l ns regords_the boost
" air temporature or the valve overlap and whon the test sngine is oharaoterlsed
by o kmook behrvinur with » minimm rt 0 = 1,05, whilst tho main ongine . . . ..
verheps gives knook 1imit curves with Aporegsing onti-knock values up to the
" rich reglon, - S : ) oo

; Othor methods used for the testing of fuels should show vdalues
. comparable with the bohaviour in the actual ongine only under porticularly

fovournble operating _co‘nditions'. The octane number in tho CFR .or I,G.
engine is dotormined by cdjusting for miximum ¥nock in tho region of N = 1,05,
tho fuol 1is ‘rated by compering 1t with blends of the same knock behaviour,
Evon with the aveilable results of the DVL surercharge method the rosults
of “the ‘ootrne number roting did not agree porticulnrly well with the .
. proctical values, It" eon hoxdly be expected thot thoy will improve ig.
this method is adopted for .enginos with knocx limits which have their- minima )
in the rich region, Ais regards fucl rotings aacording ‘to the. Oppau method, ' .~

- .comparable rosults are’ not available but the somo will probebly opply. This
test method is also besed on knock 1imit curves with minimn at R = 1,06, .
Therefore the results obteined by this mothod cen be applied to engineswith

- g ‘d@ifforont type of knock pehavicur only with resorvations, In.order to

. find out ‘the deviations of tho”various ratings o’ greet number of fuels were’
tosted of very different chemical oonstitution end ‘of ‘different knook o
behaviour by tho.DVL superohnrge‘ mothod in tho two engines, In the following
soction o desoription is given of the fuols and of tho test conditions. undery -
which theso tests wero corried out, N ' :

I, Test Prodedure.

) The -problem jtself made it clear which engines to use and what test
conditions to'anrly, For the fuel reting acccrding £o the DVL supershorge
mothod the BMA 132N cylinder was used on » full scale rodienl crankease
under the well Fnown conditions, The latter are riven in the engine doto
_in Teble I, s e

C For comparison o liquid.cooled cylinder of the DB 601 ‘type wog -
‘used, . fitted ¢n o DVL .singlo oylinder test stand,”’ By selecting suitable
ope'mting-copdition's this engine gove lnock 1imit ocurves which had their
.  minkm in the rich region,  For this purpose ‘the. valve overlap was. inorensed -
JTIL U 4o 1200 ordnk engle and. 8o the: thermnl stote- of the ongine was 1ow in spite
of the foct thot the boost air tomperature _wns 130°C¢, 1In order to-ovoid
on exbessive incrensse of absolute beost pressures the compression ratio
was roised by o small cmount to {.« 7,2, This permitted the plotting of
sufficient points even for high anti-knock fuels, C

E From tests carried out in the DVL, no consideroble difforendoin
the rating of fuols wns. enticipated through this smell incrense.of the = -
compression rotio, Tt wns desired to test the behsviour of the liquid cooled
engine not only os regards its ¥nock behavicur with the minimum in the rich’
‘region but olso with the -normal position of the .minimum. ot \ =1,06,  For =
this purpose the valve overiop wns raducod and ‘thus- the_ tomperature level
faised,other operating conditions remining the _same.' With o valve overlap
of 40° cronk cnglo all the knock 1ipit curves weré obtoined with the minimum
ot A= 1,05, -~ ! ’ N . - . ) o
: . " “A11 other dats relating to the DB 601 engine are given in’the
éngine data Table I, L, T ’ . -

The fuels were selected %0 -be chemically &s different as p ssible
and of different anti-tmock velues, Tanble IT shows ‘the fuels which
gelected being rertly rure substences rertly blenis ‘of two or more. components,
and the moin cnelysis dete ere slso shown, . ) ' :

A




- 4V, Test Results

o The fuels shomn in Table II wore uged. in the engines according te

- the conditions desoribed in the seotion, "Test Prccedurs”, The knock limit
’—_“cnme—wero»p}bbted.ln_ihe..ﬁo owing graphs which show a particular group

© 7 of fuele in each disgram. In order to feoilitate ihe ocomparison cabiigre

' . containg the same group of fuels for one of the different engine types.

Thus in Fig,3 ere the lmook limit ocurves plotted es mm Hg boost pressure
against oxcess air ratio for the homogeneous fuels and the BS mixtures in the.
BMW 132N engine with 40° erank angle valve cvorlap.and in the DB 601.engine
with 40° and 120° valve overlap, Fig, 4 shows tho rusults for blends made
from two or more single compononts, &1l of thom with 0,12% by volume TEL

‘sontent, for the samo engine types and plottod in the scmo nmanneér,

. Bofore discussing tho graphs in dotail n brief oxplanation 1s given
of why,/in this case, it is best to plot the imcok iimit ourves in mm Hg
ngoinst the excess alr ratio, end nlso the crrors ure deseribed which result
from the method usod for the detorminntion of “sho okcess eir ratio.

) Previous tests were mede to Jetermino ‘the influence of the volve
overlap, ‘These tests. showad thet with Jmock limit curves which have minima
.. in the rich region, the MEP obtninnble ot tho knock limit is no longer o :
suitable bosis for rating. . —_
) For it was found that nock 1imit curvos with theso characteristics

whenplotted as Ppe- agoinst A, wers not ot oll affocted by the voriations
. of the boost air temporature, but that the lmock 1limit. curves coincided for
_ the greanter part of that region of the oxcess oir ratio which is here of
interest, In this case rating of the fuels from comporison of the curves
would have been moro difficult if mnot -impossible, With knock 1imit ourves
hoving minims ot A = 1,05, the nbsolutc hoights in relotion to the anti-knook
values are detormined apart from other factors minly by:the moro -.or less
strong temperature_ sensitivity of the fuols jrrespective of whethor tho
- values ore plotted in mm Hg boost pressure or in kg/cm2 MEP, This would be
" 4the cnso-with the. BMT.. 132 engine_nnd with the DB 601 engine at 40° oronk- .
angle valve overlap and ot a boost oir tomperaturé of 130°C, - Bub knook 1imit
ourves of tho DB 601 engine ot ¢ valve overlap of 120° crank angle.-ore. T
completely insonsitive to temporaturs- for. fusls. of a very low aromatic conte:
when the ourves aroc:plotted os Pne agninst 7 . Whoreus knock l4mit curves
with similar charncteristics allow o compariscn . of fuol ratings without too
groat difficuld; aifferont boost nir ‘emperatures if tho enginos ore not
too difforent, such-& comparison is impossible in this case, It could no
. longe? bo ‘considerod corroct to compare the enti-kmock wlue.of o fuel which
wn g determined by the tempernturo and the mothed of. plotting, with o curve
of tho same fuel having its minimum in the rich region, and which does' not
depend on tho valuve of . the boost air temporature, ~Even with vory smll
varintions of the boost rir tempernture the crder of roting would be differen
... each time,{ It wes for those rersons thri Lor the first time pre values are’
not' plotted in' this report, : : :

Although it is very convonient to cdmpare; various knock limib ourves'
-on the basis of the cxcess oir ratio ™ then the vulues of the coloulated air
rotio‘Are incorrect,. By the prosont mothod of caloulation the whole air .

- quantity possing through the engine ond mensured by the air flow motor 1s
relnted to the mee.sured fuel, . But ‘this"oir quantity sontcins olso o proportion -
rof the Seavenging air, This proportion differs not oaly with the valve over-
lap and tho speed but anlso with the retio. of 668t trossure to exhaust back
pressure, When plotting knock limit ocurves ot the dii‘fox“’ont boost préssuree
which oocur, this moans that the wvalue enloulated for the nir ratio is wrong

“gnch time by o different amoumbt, . L . :

. Tosts mode to ‘obtain the relsvant prop.orti(m ‘ot ‘seavenging air )
. from the availeble curves ond to eliminnte ‘it from the total air quantity were
not very successful and wore sbendonsd, . Until a reliable method is availoble.
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to detormino the sorbuetion air this incdaequatbc moskod of olotting must suffice;

- The  following results of tho knook kbeheviouwr can ha considered
Foliableo oty whon-they-refer—to-e—reting—for—c_raal 0 = 1,08,
The points mry even contein wrongly ooloulrted 9. values but by virtuo of their
urmistoknble position they can well be compared, The values obtoined from
ourwes with minima in the rich reglon and takon ot T\ = 1.05 can no longer be
oomsidered completoly reliable, This must bo sakon into rcoovnt in discussing
tho dicgroms which follow, : T ' .

- Firgt of.all in fig, 6 the real minima of tho two enginos are
wolated to ench othor, In this cnse one axis shows the anti-lmock values
pt A& 1,06 for the BMV 132N enginc whilst the othor pxis shows the minima
obtained from the DB 601 engine with-a 40° valve overlny. Suparficinlly it
nppoors that the ratings in the two engines oerss quite woll, Apart from o
fow oxceptions all points are on one curve; come . fuels ore outside the ocurve,.
‘and 4t would be worth while to -investignto tha cause ‘of those irrogularities,
“and to find out-why some fuels disturb the rogulority. But first the resulte
_-of the BMW 132N and the DB 8O1E ongines will be discussed, Fig 6 shows the
_anti-kmock vnlucs obtoined in tho region of M= 1,06 by on analogous method
of comparison, it must bo pointed out that the-BMW-132N engine has o minimum
in the region of the Stoiohiametric air rotio, whorens tho DB 601 E engine
does not show o minimum ot \ ='1,05 with & boost air temperaturo of 130°C
bocause Of the peoculiar shape of the Iviook 1imit ourve, Irrespectivo of the
" foct that it is impossible to find tho excot points for \.= 1,06 with knook
1imit curves which havo minima in tho rich region, the wvalues obtained should
show whother o comparison of tho wrlues obtained from the two engines is .
permissible, A glanco ot. fig,.6 shows ogain thit almost nll the points obteined .
are on ome ourve, ond only o few fuels fall outside, The fuels which do fall . -
outside nre different from thosc in fig, 5, Thore the fuel blends M,181 ond
M,132 nre rated quite high in the BMW engine. and vory low in the DB 601, In
£ig, 6 we see thot these two blends 1le well on the curve but, the gasoline
bénz o) mixture end C 3 reference fuel are re ted quite highly in the DB 601
compared with the BMW 132 engine ond sro fer cutside tho cwrve, An exnot
oxplenation necessitates mkirg suitnble teste; but we mny.anticipate that
the reason for the foot that only, the two fucls with aromntic oontent vig,
the gasoline benzol and the €3 mixture = 1io outsido the ourve is their -
temporature sensitivity, " As a liguid: cooled engine of a moro recont design,
the DB 601 hos undoubtedly e lower ovorall tompetatire at otherwise the same
operating conditions, which exrleins in o sufficlently satisfactory manner the
<o foet that the highly tmperature sensitive aromtic. fuels nre off the ourve,
There is, however, o faot which needs further discvssicn, Compnring fig 6
~ with fig, 5 the slope of-the curve has completoly chenged, - For the results
cbtained from the two engines to.cgrea completely we should-theoretioally
. obtain o straight line-which should heve o gradient of 45° ond should pass
‘through the origin, Fig 5 shows deviations, The straight line first of all
does not go through the origin which no dovbt is.due to difforent fuel rating
— . in tho two engines consequent on the differences in design, By o sultable
seleotion of the operating conditicns an approximstely similar behoviour of
the referenco fuel "Eich Ba" could bg: obtained in' the BMA" 132N, DB 601A and
DB 601E, Therefore there.is énly o very smll doviation of tho straight line
-+ from the theoroti¢al, The BMW 132 cylinder ‘fig, 5, gives tho.fuels o-more
favourable rating and’ 34 is undorstandable thot in this case whera, ot re-
latively low boost prossures, ngroomont.on tho reference fuel was unobtainable
deviations of the other fuels with increasirg boost porsisted or incrensed, .
This would oxplein tho.different slops of the curve obtained comparod -to the
- theorctioal -ourve, For tho behaviour of ‘fuels in tho two orugines in-regard
%o the minimum knock roting a constent foctor: should ‘sorve to converd -the,
voluos found in ono engine to those in the. other, This simple method ‘is.at
onoo ruled out when fig, 6 1s exnamined, ‘in which-the curve does not go
through the origin snd showed .this time o aevintion to the other sidse, .04
the DB 601E cylinder givos ‘the more frvoarable rating, of - the fuels, This :
oould beaxploined by {che foct that tho. temperature lovol of . the cylinder:is -
= e * Y e Tem £l LT i PR
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I,‘m boeauge of the high valve overlep. . The other very important fact 1s

~ the alteration of the anglo of tho ourve cbtaized wisu somearsd £o the
theoretioal ourve (46°),  The alteration of the dicni *s such that thia .
Ttiwethe B'ﬂOl—nyhnder—at—mOQ.vo,lva.mzlm s o picre fovourable evalue
_ation of the knook behaviour of tho fuols, Sinoe . ghe v i,C6 minima wore
token from the lmook 1imit curves of the BUW 132N ongino and wore renlly

- the lowest values of the knook limit ourve, irrcepectivo of the fnot that the
air ratio might be jncorrect, wherens the DB 601E engine has no minimuin in
the region ofithe stoiohiometric mixture ratio under the present operating

! oonditions the points were token from the cnlouleted e 1,06 values, It
1s probable that this pfPected the gradient of the curve:in fig, 6,

~ Assuming tust on error of 10%wns mrde in the detormi of 5 “ond pldbing

“'the new velues in fig,’'6, o curve is obtrined which is loss inclined, but it is
still considersbly steeper then the curve in fig, 5, ond the converaién of

. the results to the BMV 132 values would be ‘possible onlr by wmeons of another
_oonstant, | . Y ‘ ‘ e R

In on attempt to relate the renl minimn of the two engines, in

fig,7 tho lewest anti-knock valuog token from the knock limit curves of the

- EMW 132N ergine at A\ = 1,06 plottéd in mm Hg, are piotted againet the minim
in the rioh‘ragibn of tho knook limit.eurves on the vB 601E ongine, ~ The
curve- obtained this timo passes nlmost through the -origin.rnd comes very near

. to the requirod thooreticnl slope . of 45°, Comprrod with fig, 5 and fig, 6
this means yet unother deviation, another- constcnt_is_obtcined for the con-
version of the anti-knock value of the fuols in the two engines, It ean '
therefore be stated thet the fuol roting by dotermining the abolsute antl-
“dmock values nccording to the DVL suporcharge methol—in the BMW 132N ongine, .
cannot bo used for engines with knock 1limit curves of difforent churactoristies,
since. this method which uses o conversion factor is not satisfactory, The °
‘couges of knocking in the two engines are differeont, sni therefore it is im- ..
possible to obtain complete dgreemont of the ratings, The fact thet fig, & .

to fig, 7 partly allow o fovourable interprotation whsloading as will be
shown in the following poragrophs, k

"It must be remembered that the comprossion theory says thot knock-
ing is coused minly by the thormo-dynamic condition of “he unburnt residual’
fuel air mixture, Knock 1imit curves with o minimum.ai %+ 1,056 oro obtained,

 mninly due to renctions in the residual mixture. The teinperature 1imit

“—pousing the knocking reaction of the residunl mixture is reached enrlier when
the boost air temperature: is inerensed, In other words un ‘incronse of the
boost eir temperrcture reanires n_ reduction of the boost pressura Tn order to
obtain The some thermo dynemic st Te of the residurl mixture, Aocording to
‘the hypothesis concerning the_influence ‘of fuel droplots, the cmount of those’
fuel droplets decrenses with the oméunt of unveporizoed fuel, i,e, with
inerease in boost nir. temporature, "In order to obbtain the some condition of
the residual mixture rosiduo. Tesulting inm rorotion at the kmock }Hmit an --

" increnge of boost r_essurois nocessary in spiue of the fact that tho: boost
air cemperaturc 1s raise ot the same time

There are thus two types: f engine, One of them shows s ¥moock
behaviour which is already femiliar i,e, the enti-knock performnnce of the
- fuel falls with increasing boost .air. temperature,. The other ongine type
behoves dif ferently, its anti-kfcek ‘velue rising with increansing boost air

7T temperature,” It is a1ffioult to compare the knock behaviour -of the. same

fuel”in the two ongines,: Consider the tosting of any onc fuel in the two
engines et o relotively 1low bodst air temperature, 6.z, 5G°C, :This walue is
quite common for tho main engine during practical operation, ‘In this ocase -
the fuel will be roted quite well-in an engine with normel knock behaviour
‘whilet tho -onti-knock volue of the samo fuel expressed’ in mn Hg will probably -
be lower in the other ongino, . t ) ) B R T
) . A numbor of ‘fuols with differont anti -knock values rated in"these
two engines will give us a curve with o considorably flatuor inelination thon
the ‘theoretical ourve with o slope of 45°, Testing the some fuels ot o high
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. . . ) ] .
boost air temporeturo, 0.g. 160°C, whioh value can also bo obtainod in mpin
onginos, thée ongino with tho normal knock bohaviour will now give the fuel.

o very poor anti-knock valuc bocauso of the high boosh teumperoture, whilet
the engine giving pro-reactions in conjunction with unvaporigod fuel portioles
during the mixture formation givos quito n good onti-knoor value in comparigon

bocnuso of roduction in the numbor of fuol droplets st tho highrboost—o

. temporature, From tests with various fuels a correletion curve is obtained
with a grentor slopo than that of tho thoorctiosl ourve, With & suitebly
soleoted intermedinte boost cir tompornturo it may hoppen that the curve
obtainod from pomparative tests will tave tho theorotical slope, This is,

" however, nn isolatod cuse which applies ‘caly to tho pertioular boost alr
temporaturg, Under no ciroumstoncos ccn it be nssumed thot this isolated
agreomont 1,6, tho-aqual-slopes_of tho theorebical and of tho tost ocurves,
permits applying the fuel rating in.an onginc with knock Iimit curves havdng— -~
mindma 4t 4 = 1,05 to another ongine wiilh imsok Vit ourves having the minima
in the rioh 'region, : ) R . .

_ A finol series of tosts with various fuels ‘confirmed complotely_
theso idens nnd o short commontary is givon in tho fcllowing possagosi= )
Fig.8 shows the krock limit eurves for o wider rango of boost Air tomporatures
for the engine BMW 132N and for the fuels Ci, €3 cnd VT 702, Fig,9 shows +the
‘same fuels in the ongine DB 601 with a valvo ovorlap of 120°, Comparison of
the two. graphé shows thot the knock 1limit curvos of oll fusl have the
‘minimum ot N\ 1,05 in the BMW 132N onglne, Therefore o reduction of the anti-
Imock value ocours with incrensifif” boost air temperature, In Fig, 9 howéver '’
the minimum moves into the rieh rogion rnd the nnti-kmock volue of all - fuels
rises with incretrsing—beost-rir. temporeturo, _TFor the region of the stoichio~
metrio fuel oir rotio thé valuos of the boost pressure. in mm Hg from the '
knock 1imit curves were cempared in Fig, ‘10, Tho corresponding points. for
the somo boost air temperature con be joinod by a.curve, which, however, hag"
o different slopo for ench boost air tomperaturo, Tho curve drown through
the .points for 130°C agrees almost with the thoorotieal curvo, The points
‘of the ‘othor boost.air temperaturos give o largor ~or smller slope than ™ 7 -
the theoretionl, The engles mnde with the +theoreticw.l curve give some
guidance as to- the difference in the temperature effect for the seme fuel .
in the two engines. Fig, 10 shows clecrly thot the boost nir temperaturo. of
130°C" in the DVL supercharge. mothod gives guite accidentslly & more or less
good agreement botwoen' the anti-knock values in the—various enginoes so-long

- ag only tho minimn are considered. " hny higher or lowor boost air temperature:
gives deviations which become greator tho more the, boost air temperature
diffors from tho tost tempemture of 130°C, : KR

. As 'reéurds the possibility of continuing to uso the DVL supercharge
fethod 4n its prosent: form; tho following ccn be selds If-only a general -
jden of the nnti-knock value is required the-present form of ‘tho_sUpOTChorEe
Tiothod may be used, The DVL suporcharge method in the oy or givas
an Indiontion of .the anti-knock waluo elthough tho difference in the rating
of & fuel might be considerable in difforont onginoes and there might be even
o controsting temperature effoct in the different cylinders, 4 determination
of the roting of fuols according to their lmock behaviour in another ongine
giving knock 1limit curves with minima in the rich region is partly possible .
by means of the results of the DVL superchargs method;” but'with the followlng -~
regervations:= Substances with small aromntic comtent do not olter their
order of reting rs shown by fig, § to fig, 7 irrespective of whether they .
are tosted in the BMV or DB cylindor, Differences crn be considerable
‘with highly oromtic fuels, Evidence for this fret is given by fig,5:to
£ig,7, whero the C3 ‘roference fuel, the gosoline benzol blend and the two -
isopropylbenzene blends M 131 and M 132 are completoly outside .the curve,. .
Some .explanation is required for this behaviour of fuels €3 end-the gasoline

benzol blend, since thoir excoedingly favourable antl=knock-value is duwe to T

- the: temporature sensitivity associated with: their eremitic content, The -
engines BMW 132 N and DB:6014 have approximately the ‘some”‘temperature level.

and give almost thé some anti-knock valiés as ‘shown “in- fig, 5, and the decrease. :

i of "the thermnl internnl stress in-the DE €01E gives the incrense.of the
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anti-knook value of these temperature gonetive fuels in this engine, This
- appears from fig, 6 and “fig, 7. -No oxplanation is avuiiable Tor the .
‘pohavicur of the mixtures M,131 and 'M,232, " Fig,. B show 4nat they sre rated
quito favourably in the BMWW. engine, bub 6» 'nub, howov show Al incroase
of -enti-knook velua in tho vootor-DB-601E—¢ylindor,—waich should rosult
from their temperature sensitivity, The DVL superohdrge method undor-
rotes the. gosolino, benzol and the C3 mixture which mukos the determination
o sofor one, But the mixturos with o high content of ‘isopropylbenzone wore
roted too favourably, This may lood to troubles in tho DB 601 engine,
Further tests must show whether simiior phonomena will occocur with other
fuols, Substances which are 11koly to shcw such devintions can bo oliminated
imple ohemi/oul dotormination of the aromatic content in cdvance, Their
"dk‘vﬁl’ues‘obtqinod—f’f-‘bm—'bhe-’lmock'.limi’,bfourv;es in the. BMW. 132N ..
- gylinder must no longer be used to determine the order of roting.,

The rating must not ve confused with the absolute Junti-knodk values,
And this is one of the points whore the application of results of tho super-
.charge method in tho BMW cylinder bocomes unoertain, Aero engines are nowa-
- doys designed and devoloped for moximum peiformnco, Since nll kinds of
adjustments are involved thoir cont¥ol ourves oro often critically near.o
Jmock rogion; therefore anti~knock values afe vory -doubtful whon they are
_ merely derived from the results of tho suporchorge mothod,. In this case
it is ossentinl thot fuel tosts on ¥nock bohaviour should be corried -out on
_%he engine type in question, Finally it is entirely impossible to drow axy
. conolusions rom tho tomperature dharactoristios of o fuel in o BMV oylinder
“"as to the temperature charaoboristios-in other ongines which ~ becaude of o
. smpller thormnl internnl’. stress .~ hove different types of knock 1imit curves
" Therefore all quostions which concorn the temperature characteristics and
" the rb.o of the. knock reion'"for"bhe two Forms Of Knock, 13mit ourve
 Ticcessitoteo o fuel test in 4 cylinder of another engine type which gives
" ‘for the whole -operating range knock 1imi% eurves oi o similor kind,

Knog K LMt O e e

. Summnry: ' o L N

- - The knock 1limit ourves which are formed acoording to the compression

+ theory of the phenomenon of kmocking, have their minima at the ‘temperature

- _penk of the unburnt rosidual mixture, which occurs in tho region of the .
stoichiometric mixture ratio, Bub at & low temperature lovel of tho oylinder

i~ knock. 1limit ourves_,o.reé.obtuined.which',,beoause.of +the poroxide formation
with unveporized fuel particles espocially in the region of oir deficiency,
shift their minim into the rich region, The two ¥inds of knock limit curves
show contrasting tomporature chnracteristics, . Knook 1imit curves with
minima ot AN = 1,05 -showwith jncrersing boost air temperature a decrease- of
the onti-knock walue, wherens knock limit curves with minima in the rich
“region show with inereasing boogt air temperature-an inerease. of the anti- '
knock value, . el S ) )

The.-DVL ‘supercharge method for the testing of nero engine fuels - -
rotos these fuels nccording o their lmook behaviour by means of lmock
1imit curves with minima ot A = 1,08, -obtained in the BMN 132N ongine,

" But recent liquid cooled cero-engines with high velve overlap have o very
low temperaturo lovel ond givo mostly Mmock 1imit ourves with.minima 4in the
rich region, It was attemptod to find out whother the fuel roting aoccording
to tho DVL supercharge method in the BMIW cylinder can bo used for liquid /
“cooled engines, — ' : - ST '

A gréent numbor of .very different fuels was ‘testoed in o BMA 132 N
end .in o DB 601 oylinder, . The result wos that. it is possible to use the above
method for the rating of the anti-knock value of fuels with low aromatic |
content, Fuels with s higher aromtic, content are often -quite considerably'
outside the curve snd.do not give clerr results as regards their, order, of v
© reting,. gorresponding _experimentel nt j-knock veluesg were plotted in one
diggram and could be joined by o straignt line, - Gonerally specking roting.

7




is valid-if the experimoxrt-,ul vulues are woll on the .;Lmight line; but this
: stmight line 1s only o critorion for cqual knsck bohdaviour in. sthoe two enginos
i mls thot_of o _theoretisnl surve of 45° or lagss,

Fiml tests with some typicul foele ot voard ous boost nir tempornturea
permited interpretntion of the significance of the ‘various groadients of the
» eurve , and the steepnoas of the curvés sorvod as an indieation of whother
- tho "aels" were over or .underrated in ths vuzino, 'At o sultable boost nir
tomperature o.g, 130°C with tho DVL supersharas mathod, good ogroement waB
obtoined but doviutions ocour ot higher o ]owav boost air tamperatures.

'l'he DVL" supercharge mothod wlth t"e EMW 132N oylinder my 'be used in

its present Torm at I30°C boost eir témporaturd for the gemernl evaluation -

. of onti-knock volue of any fuel, A determimtion of thd order of roting irom
the rosults of the BMW- 132N cylinder for enginus with different kmook lind‘.‘b

A curves is permissible s8 frr ns fuels nre concorned which have a smll
arometic content,but this method frils whon de-~ling with fuels of o Hgher
cromatio oonEonT:, Fundamentn 1 tests on the extsnt of tho knock region

of o fuel end its temporaturo sensitiviity wlen ueed in an ongino with o low

. temporuture level, should bo carried out in a suitiblo engino cylm&en, of
vanother type if nocessary, sinco tho regults cof the DVL supercharge mothod

‘in the’ BMW 132 oylindor are not yalid in this case, To establish o comtrol

, ourve, rolated to knock bohnviour tosts in the corresponding (identieal)
oylinder are roquired, ‘Becouss of the mutual influence of tho cylindors in
in-linc engincsond bécouse of tho disnlecoment of the deed centre in radial |
enginesdue to the kinemntics of the crenk drive end nlso on sccount of-the

different coohng systems tests with. the main engine cen hardly be avo;ded

' vlf K. Froanke s= Influonce of thoe vo.lve ovarlap on the lmock 1imit of
) var:.ous fuels in “tho DB 601 engme DVL Roport FB1667,
2, W,Lindnor: Igmtlon c.nd Combustion of gos and fuol vapour’ mixtures.
Published by the VDI, Berlin 1931 '

3. E .Rogoner ond U -v, KA ‘ .
S Weber. - Tests on 'the scli ignition and canbustion of hydrocarbanss,«
) R Report—of-the physico:chemical Institute of Leipsig
’ University, Leipsig 194i, -

4, W, Jost: . Exrlosion nnd combustion proce‘ss'es“i'n'gases. .
- Ed, Springer 1939, )

5. W,Wilke and ‘ ‘ e
F.Jentsch The propertics of asro ongine fuels.and ‘their testing.
i Ring book for noronsuticnl Research IV C, 12, .
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TABLE ¥

~ Engine Type:-

Dotn: Stroke -

. "Bora
b

ENGINE DAL AND 3Hi 1

BMW 1321

162 mm

i
.

155,5 mm

Compression ratlo : g o 16,‘5

- Cupa‘oityf :

Compression volune

Valve Timing:

Inlet .opons:
Inlet.closes:
+ Bxhoust opens:

189 voforo TC
78° after HDC
72° before BDC

Exhoust closes: 229 after IDC
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: : o e ) o o The Rating of Fuels on their tendency to

g!Bmgléléimit curves of wricus fuols in o engims BIW 132N, DB 601A and = . . ‘ : _ - .._._. yapour-lock.
) ’ by Wildmailer

¢ ¢oin B
Dgoglocléimit ocurves of various i‘uel 566 argines BMW 132N, DB 6014 apd

‘

Comporiaon of the Anti-Knock vnlues' oi vorious i\le ) ot the mini ; R i I N ’ - ’
(M =12,05)"in tho onginoa BMW 152N and DB 601A : ° man pom" » L M' ; : B i
Engine troubles due to vapour. lockling occur in the use of fuels

" of a certain composition and volatility. These troubles are caused by
the fuel itself as well as by other factors, mainly dependent on the
condition of the engine and of the surrounding air. . ‘ L

) Compu.rison of :the anti-knock volue of variaue fusl ' Ty at thc rog ti : . : I . R
inima of th - “»—Lj pootive - : . .
min o eir knook, limit cvrved in vhé eng ines DM 132N und DB 601E - N¢ standard tost mothod has so far been devised for experiment-
ally detormining tho tendenecy of fuels-to vapour-lock. The boiling
behaviour and the vapour pressure aro usually used as & measure of it.
: . ) In the determination of Roid vapour pressure thore are certain ‘
Knook 1imit curves of tho fusls G, 03 und 7. 702 in tho Dé 601E ot Lo difficulties in handling tho apparatus and tho'mothod is mot vory .
,vnrious boost air temperatures R e . a L . accurate. . . ;
The apparatus describod here gives a quick and sufficiontly

aocurate dotermination of tho absolute vapour pressure of fuels.
Anothor simple instrumont is used to test: vapour-lock in relation to

flying altitude.

COmpo.rison of tho nnti-knqok values of ‘wnricve fuals ut ‘an ex
of 1,056 in the enginos BMW 132N and DB 6CIE - L cons nir‘ratio

Knook limit ourves of the f‘uols o1, "3 and VT 708 in the. BMW 132N u.t
* various 'boost air temperatures

Different roting of the untl—knock vaJ»o of gomo fu 1
boost uir tompereturs. . - ‘ o faete ’oerms o, the

@ELTEIIT_S-

I.w Causes_of vapour-locks - .~ . o~

‘f—*~_~~«~{1. Iresent stage -of _the evaluation methods.
1, Lab. determination of vapour-lock.
2. Determination of vapour pressure.
3. Conclusions basod on present knowlodge.}

’Desoription of a now. apparatus for the doterminatlon of the
absoluto vapounnpressure. . —

Tost rosults on vapour prossure detorminatlon at difforent
temperatures. - .

Tests on vapour-lock in relation to the flying altitude.

Summery. - i :

u_Litofaturo.'

Work by: 0, Widmaior.




i, Causes of vapour-locﬁ;'

. Vapour-lock can completely or partially stop flow in the fuel

- 8ystem and thus the fuel feed of tho engino., It 1s mainly duo to the
fuel containing low boiling point fractions which aro vaporized in the -~
fuel pipe or in the carburottor by the hoat of the engino. Moroover
vapour-lock is affocted by the alr pressure, which variod with tho..

f£lxring-—-altitudo |
Dbl =)

_ Threec factons'which aro impbrtaht'in'vapour-lock are:
1) Tho vapour prossuro of tho fuol or of .its components, -

2) The oxtornal prossure on fhb“fuol;

+.3) The - fuel ﬁéﬁbefatufarA e T
- Tho comploto control of these throo variables would onable
vapour-logking to bo provented at any altitude. In addition to

soloetion of suitable fuel, vapour-lock can be countered by the
following measuros:, : o S

1) Prossurizing the fuel tank; ° o
2) Cooling the fuel, !

5)'Iﬁsu1atigg_tho fuel linessoxposcd\zg\heat radiaﬁion;

4) Preventing tho formation of vapouf»pockets in the fu61>systemg

5) Reducing to a’minimum the pressuroe drop'within the fuel
system, : - o A :

6) Prossuré feed instead 6f suctich foed. "

e As Vépour-lock is ‘a functionm of .tho vapour, pressure, the

. tendéncy of a fuel to.vapour-Llock is usually still measured by the ..
Reid vapour pressure., This method howover doos not always.givo .
reliable results, as the deotormination is done in the presence of air,.
with the result that the bxpansion of tho air has to bé considored,. .
Also, as alroady stated, vapour-lock depends on othor factors and e
.oxperimonts have beeon dono to discovor as far as possible all the

* factors involved. The various mothods for_.the determination of vapour-

lock and vapour pressure are briefly roviewed hero. .

II. - Prosont stage of the evaluation*meﬁhddé,——

'

1) Lab, dotermination of vapour=lock, = . -

- AJW. Schmidt (1) has doveloped an apparatus which attompts a
very close reproduction-of practical conditions. "It oonsists of a
.vessel in which a suitable copper fuel pipe.is fittod. The water
_filled container 1s heated bo test. temperature and the flow rate of .
the fuel under tost Is set at 120'cu,cm/hr. The time taken by the
gasoline to form 10 cu.cm. of vapour is moasured. The shorter this -
“timo, the highor the tendency to vapour-lock. ‘ ' RN

o ﬂémhérich-(Z)‘dascribds_an apparatus which reproduces the

‘ongine conditions and determines tho so callod "polative break-off

" tomperature™, 1,e. the temperature at which tho regular fusl foed to

+the engine is. interrupted.  Whilo investigating the rolation between
this break-off temporaturo and tho fuel properties, Hammerich found
-a practienl rating basis. in tho mean of those sectilons of tho 'bolling
- curve up to 500 and 70°C,. . This quantity was called the volatility -

- -.of the fuol.




~ Pig. 1 shows the relationship between volatllity and relative
break-off temperature for varibus fuels.. As will be seen, the values
for fuels of ‘equal vapour pressure lie on a stralght line. If tgeX .,
represents the slope of the lines, according to Hammerich, the following
equation can be formulated for the relationship between relative ! .
breaygoff-tomperaturo {relsAT), Reid vapour pressure and volatility (F1. 2

= oV = ¥l ;
. - tex .

; Using Hammerich's apparatus, Koch (3) proved volumetrically
that.the amount of fuel fed through a jet decreases with increase of °
temperaturo, and that at a tomperature characteristic of each.fuel, -

-which he called the true break-off temperature, 1t tends to a zero
.valuo. Koch considers this tomperature-to-bo ‘decisive-for-vapour=. ...
lock. in the engine ahd provos by tosts that it agrees well with tho .
temperaturoe at which a fuel attalns a vapour pressure of 0.96 to 1 atm.
Consequently Koch recommends adjustment of the fuel vapour. pressure

to 1. atm. bolow 50°C for wintor use, and not below 60°C for summor use.

. The method suggested by Xoch has tho drawback that the fuol is
‘again ovaluatod according to itg boiling bohaviour at ono point. .
-Exporionce shows howover that tho oporating. conditlons of ‘tho. engine - -

havo a considordblo influonce on the vapour-lock of the fuel., . . ' .
F4 Schaub and H., Voldo (4) thoroforo started by carrying out engine . .
‘t6gts. Thoy proved that tho brosk-off temperatures aroc primarily
_affected by the fucl consumpbion and tho engino spood. "

‘ .Laboratory tests werc .thoreforo based on an apparatus designed

to tost . tho fuol undor conditions similar to those prevailing in the
“enginoy Figs. 2 shows Schaub and Velde's apparatus’ for moasuring
broak-off temperature. Tho fuel 1s’ pumped from tank a through heating’
. coil b and thence into tho carburettor d, in which the fuel level L
can be observed through a window ¢. From there the fuel Llows through
“the throttle £ and tho flowmoter g to tho overflow.. The tomperature-

-t which the Fuel level falls as & result of insufficient feed 1s

taken as broak-off tomperaturo.

: " Theso tosts showed that with increasing fuel flow the break-off
temperature falls.off in varying degreesfor tho various fuels,

In oxtonsive tests with this apparatus, Schaub and Velde found
“widely varied offects for different ongine designs, It 1s therofore
impossible to-day to set dovm directly a criterion for the vapour-
1locking tendency of @ fuoel, . nuniolar s e i

2) Dotormination of the vapour prossure. ‘

While™Eho instrumonts used for sclentific purposes reproduco
ongino conditions as closoly as possible, it is suffieient for
_inspection-purposes to doterminc the vabour prossuro. This is ususlly
dotormined both in Gormany and the U.S.A. in the Roid (5) bomb., This
oonsists of a small contalnor with an air jackot, filled with am:~
accuratoly measured quantity of fuel and leaving a space full of air,
A manomoter connected to this containot~shows—the pressure of the
fuel vapour resulting when the bomb is lmmersed in a water bath at
37,890, Tho expansion of tho air in tho container is calculated from
tho following oquabtion:. . S '

v

b= (Py - Py (£ -100) - (P10 = Pg)

L4600 + b

'

. .in which: t’is the initial temperaturc of, tho air chamber in OF, P  'f““
"'the vapour pressure  of water in_lbs/Sq.in. ~at tOF, Pygo the same gt_

- Bm s




I%Q?OFQ) B, tho baromotric pre ssupe in 1bs/sq.in. (1 1b/sq inch 'z 0,0703
eme ), - E e : . . '

. W, Ddnnofelser (6) introducos a new corroction formula for. the
calculation of Reid vapour pressurc, vizi - .

3 , LB Py, ) by = 8,)

3 =

+ (Pyy ¢ Py )

273 + by
whofo:

tho corrocted barometﬁic prossure in Kg/sq.cm,

the initial tomﬁeratufo of the air chamber in °C.
test tomperaturc. in °C. »

saturation pressuro of water. vapour in Kg/sq.cm.at by Sg
N e . - - C S
saturation pressurc of water vapour in Kg/sq.cm. at tMYOO.

. .In contrast to the Amoricen formula, Dannefelser's formula .

always gives a. positive corroction factor,

Bridgeman and Aldrich (7) give a much more .accurate method of
vapour preasure determination, . The fuel is cooled by liquid air and
tho air present in and over the fuel is oxtracted, The vapour pressure
of the air free fuel is then moasured with a mercury manomoter,

" 'A glass tube, 1 m. long and~10'mm, closed at one.ond, is
filled with dry mercury. The tube is then turned upside down under
‘mercury keoping it sealod with a finger. "This produces a complete
vacuum in the tube and the absolute vapour pressure of the fuel
introduced into the vacuum space by means of a pipette can be moeasuraed,
Theo . 1iquid vaporises and depresscs the mercury hoad by the vapour '
pressure of the fuel in question,. .The only corrections to.be applied -
are for the height of the liquid level, and at higher temporatures,
the vapour pressure of the mercury, : =

L. Hurel (8) deseribes an apparatus for the measurement of the
vapour pressure; it is made of pyrex glasa and l1s based on the static
tost method. In contrast to tho Reid bomb, which allows measuroments
- only up to a volume ratio vapour:liguid = 4, it pormits measuremonts :
. for ‘ratios up to 10,000, Modifications allow operation-either under
vecuum or at atmospheric pressure, g L ‘

. Ronato Salmoni!s (9) method should also be mentioned. 'He does
not weasure the vapour pressure, but the change in volume due to :
vgporisation at atmosphoric pressurc and calculates the vapour prassure
from the equations . el . Co . e

e,

- T S

whofe Vy is the air'vplume\éf atmosphoric preossure and/vz'the»volume
.aftor véporising the fuel. ) . o
) A recent work by Hé;la (iO) shows that the vapour prossure can:
also. be determined from the volatility of fuels. The -vapour pressuroc.
and tho vapour. density g, per litre of saturated gas are related as
follows: Lo o e L . -

’ N

?gtm =8 0,08213 _‘_( t e 275\_)/1@

:
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ﬁBbE&”t“iéwéhé”ééﬁbdbaﬁuré'éhd”M"ﬁﬁé”ﬁbi&éﬁidf“ﬁéighfl”"Thb“géhbral*w“
180 of this equation is difficult because tho molocular woight' of fuels
can vary within wide limits. ) ) L :

3) Concdusions basod on.prosent knowlodgg.

U Criticisms of known mothods of moasuring vapour prossure and
vapour-lock can be summod 'up -as follows: '

" 1) Tho rosults of the various,ﬁothods dovﬁothngree.
2) The apparatus used is often vq?y olaborate.

5)‘Tﬁe working conditions for aviatlon fuels cannot be eésily
", roproducced.. - . S o

“4) Even tho dotermination. of the. absolute vapour;énessure in -
rolation to the temporature is not oasy. ‘

o 411 the same endeavours should be continued to characterlse

the tondeoncy of fuels to vapour-lock. troubles by physical -or analytical
data, This will not bo easy as those data cannot take into account the
varied rolationship botwoon engine and fuel. ~As regards the fuol )
.howevor vopour pressure is a declsive factor in the danger of vapour-
lock. -As said before, tho Reld vapour pressure determination glves

" no ‘absolute values, as thé, teut, 15 carried out in tho presonce of alr.
Each monsurement requires therefore a correction, which may lead to
orrors. S ) . ’ ' . . .

: . The reolationship between ¢ngine and .fuel as rogards vapour=lock
can ba detormined experimentally only in a clrcumstantial way; 1t is
therefore necessary for the time being to stick to one quantity, the
absolute vapour prossure, and thus exclude sourcos of error as far as

. possible, - Attempts have therefore been made. to develop an oxtremely’

~ .simple device for the determination of absolute pressure. R '

-

III. Desoription of a new epparatus for the determination of
' aBsquEa.vapour pressure. . ) .
The equipment consists (Fig. 3) of the vapour pressure vessel.

. -proper with thermostat and of a high-vacuum oil pump. Figs.4 and 5

- ghow. details of the vessel. It is mdde of brass and has four leads,
a, b, o-and d.-.0 loads to a vacuum manometer @ = b ecarrles a., #60°C,"
. =609C, meroury thermometer, and ¢ the' glass funnel g containing the .
“fuele - The lead 1 is.from d to the vaeaum pump.  Theo .vessel.ls. placed ..

_in the thermostatic bath h, consisting of glass véessels i and k."

. ) ‘For the detormination of the vapour pressure at difforent
»tomgoratures the fuol sample and. the pressure chamber were cooled at
~50%C in an alcohol-dry . ice mixture. The pressurc chamber l1s then
evacuatod as compleotely as possible and isolatod by means of the
clip 1 on tho pump load. A cooled 200 cc. fuel sample ‘is poured into
the soparating funnel g and carofully run inbto the pressure chambor;
the vapour pressure at thg required test temperature is-then read ...
. off on the manometer in mm.Hg. . : . K

: There 1s'é-sma11 error duo. to residual éifﬂin the vossel and "’
that dissolvéd in the fuel, but this is negligiblo compared with
errors 1n}the reading of the manomotor, ‘ L .

It‘ig‘imﬁortant'ﬁbfuéq sufficient'fuelmté‘gnsure that all the
fractions. contributing to the vapour pressure are all presont-in

~the liquld phaseo. - . \ . _ )

T Boa




emperacures.

: The accuracy attainable with this vapour pressure apparatus
was investigated by tests with pure -organic liquids (chloroform,
"ethyl alcohol, carbon tetrachloride and benzene). Table 1 and - Flg. 6 -
rhow the vapour pressures obtained in relatlon to the temperature.
- A1ll,the vapour pressures are rather too high as the 1liquids in question’
contained alr;  SEIIL thoy agrod Woll with—thosg—pubtished—in-tho- :

. Y 0N

literature,

Very 1ow'pressures‘are not‘accungtély meaéured by the manometer,
but thdse are of little importanco.. . .

i

... . The vapour pressures of filve differont fuels were likewlse
dotermined at =40°C to & 500C. .Fig. 7 shows that between =40° and P ©
- the. .vapour pressurcs of the various gasolines differ but 1ittle, but
_that vapour pressure differences, sometimes considerable, appear
botwoon 0° and #50°C. As already meontioned, tho accuracy of manometer
readings 1s unsatisfactory at vory low vapour pressures; from !
100 wm HE onwards it is however good, as corroborated by the tests
on organic liquids, Fig. 6. In comparison with the Reid bomb, the
now apparatus has the advantage of operation at different temperatures
allowing quick determination of vapour pressure curves, K P '

Ve Tests _on vagour-locﬁ in relation to flying altitude.

. . Prosent day aviation fuels have a boiling range of 40° to
180°% at a pressure of asbout 750 mm.Hg. Ls pressure falls with
altitude, boiling begins oarlier:  This change of initial boiling
~ point favours vapour-lock to d degree depending on the altitudo.

... The relation-between vapour-lock and altitude can be checked
by the apparatus shown in Fig. 8. The fuel under test is -cooled to
~50°C ‘and  pouréd through the funnel b into the 250 cu.cm. Erlenmeyer
flask a up to the bottom edge of the rubber stoppers Tho fuel 1s :

. thon warmed -in a bath g to the tomperature at which its vapour-locking
_ tondency 1s to be determined, and the toemperature read off on the
thermometor ek The fuel fractions vapourising are condensed in the
¢old trap f mAintained at -60°C by means of the reffigorant (alcohol

. and dry lce) contained in flask g. The altitude i.es tho pressure
drop at which vapour-locking commences, is phen}determined by
..connecting the tubing h to a vacuum pump and slowly throttling the
air intake i, causing bubbles of vapour Gto rise up the .18ad d. The
- depression is read off’on manometer k giving a comparative value. . % L. ..
for the tendency of the fuel to vapour-lock at the particular altitude
considered. . ! : - ‘ :

.. "Vapour<lock actually starts in fiask a at a Yower dépréssion.
than that measured. It can. however only be determined with a o
comparatively large error, ag it depends on the corners and ;
ivrégularities of the fuel contained.. If the boiling delay 1s taken
into account reproducible values are obtained. i i

. ?1gs. 9 and 10'éhqw the fosults of vapourQlock détermination _
for fuels B 4 and ¢ 3 with and without a pentane addition. . They show

" that at lower tomporatures both fuels present no danger ‘of vapour-

locking evon at great altitudes., If however the fuel 1s heated to’
bebtween 20 and 40°C a considerable amount of vapour-locking can
‘appear. 4 10%-eddition of pentane: has a negative effect particularl
at high temperatires, as also.shown in Figss 9 and 10, ) .

VIie - Summaiy. . Sl e :
. ; . . Y o . . . . et * 1
The critical 1nvestigation-of_methods for the experimental-
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determination of vapour-lock and vapour pressure show

of the various methods do not yot agree satisfactorily. .Further, for -
a thorough investigation of fuel vapour-lock under actual working
conditions extensive apparatus 1ls necessary.. : .

c

. For inspection purposes, knowledge of the vapour pressuie'must
cuffice. Apparatus was therefore developed to determine the vapour
progsupe ot various temperatures more qulckly and accurately than in

the Reid bomb, This apparatus sonsistyof & prossure—chamber-wi
thermostat. 1t is evacuated as completely as possible, the fuel
admitted, and the vapour pressure obtained by direct reading on a
manometer, ) . }

Another apperatus waswproduced_to‘test vapour-lock in relation
to the flying altitude; at various fuel temperatures it indicates

_the -degree of vacuum at which vapour-lock appears. The pressure,drop‘”

is produced by a vacuum qil pump and 13 read off on a meroury’

"wmanomgtor.
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Table 1.

Vagour Erossure of organic 1iguids at

various temperatures.

) : Effedtive vapour Vapour pressure
v o : pressure roading
’ ! ) mm.Hg. '

Chloroform at”
) " ," 1t

Ethyl 4loohol

n
"
"

Carbon tetra-
chlgride ug

. ' 6
0. » ., . ) ) oy
"o B C SRR 7]
w. s ) ’." 0 ) ’181

“Ppig, 1 . = Volatility in relation %o the relative break off
: temperature.

.Fig.k‘ ‘ Schaub and Velde Apparatus for the determination of
B vapour=lock.

-Figy 3 0 “Apparatus for yapour pressure determi ation for fuels.

Pigs 4 & - .= Pressure- 'bomb..for vapour pressure determination - :
i - .. Section and plan view. "~ Cis

'Fig.- - Vapour pressure of organic liquids in relation to
: o ’temperature. :

‘Fig.',- ' ‘_' Vapour- pressure of fuels at various temperatures. )

a Fng';" ‘, -’Equipment for the determination of vapour -locks in.
B o “fuels. Lo ‘ 4
' Fig.g & 10 Ve Vapour-lock in fuels at various pressures and
. : temperatures. o e R .
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Egeriments on liquid-

- ceoled cylinders.
BY
‘Dipl.-Ing. Penzig,«
Technical Test Station
Oppau,
T'+G. Farbenindustrie
4.-G., Ludwigshafen/Rhine.

It hes emerged very clearly, from the papers of Messrs. Dre Seeber and .
. Witschakowski, that much romains to be done before knock .tests will be :
roproducible or uniform results will bo obteined from different tost stands.
However, after painsteking work, at times with the holp of Dr. Seeber, we '
roached 'a relatively good agreoment with. the DVL. Yalues ottained at othor
stations which are concerned with the distribution of high power fuels differ , )

appreciably fram ourg-~and those of tho DVL. \ -

‘For tho ceuge ono may. first noto . the considorable influence of apparently
irrelevent deviations in tho tost stand construction. This has been brought
very much to our notice sincé we have discarded our old test stends end
in’gtallod engines in sound proof rooms. S S

Wo aro unde¥-the improssion thet tho oxisbting directions ere still
insuffieciont and “thet tho -overall construction must be much more closely
dofined. It is not possitlo, however, to0.meke’all the necessary modifications

tocapso the rodesign is vory costly.'

A furthoer reason for tho dovietions of engines and for the day to day B
veriations in tho rosults mey lie in tho thermel loeding of .the cylinder,. which
‘'is bound to be high. 1t is eslready ~pparent thet with small engines the thermal
ctato of the cylindor is of greet importence for tho knock characteristics. R
Tha' tharmcl 1ord-On 1lergsT cylinder is much-grastor ecnd. small-irregularities, . - '
s for. instance in tho svsling of tho oxheust valve, mey have o very marked |
' ‘effect on tha knooking. - = : v .

sool. ihe ttilghl}_i_.cgi.utesting station Oppeu therefore sterted working with liquid-

olod engines is methed o ; jons V «

It was elac deéix_'ed to ‘i‘%pg oﬁtogg‘]v'i% eb?\ix_g slfﬁsqﬁggﬁgxi; %eggvg(‘im ﬂoggéngngines .
in which they wers used, 'The DB 601 was therefore teken into -consideration
£irst, its single~cylinder versioneing designated DB 600l. =~ The I,G. oxperimental
ongine fitted with this cylinder is shown in fig. ¥2. - The- cemshaft used was that
of tho sories B which has shcut 400 valvo cvarlap.  Anothor liguid conled engine .-
was. the single-cylindar Jumo 211 constructed out of mein engine” components,

fig.-l'{». . The construction of the cylindor heed may be soon from fig. 14,

The -opération cf e ;.iquid,-cooled cngine is much easisr than that of an air

cooled eylinder. Not only is the’ cooling fan eliminatod but slsc the extrator

1f this is not usod for the oxhaust .geses.  Further-the ngcéssary rogulation of .
temporature of the cooling elr for sccurato’tests boccmes superflucus. : .

' All three consbructionsl. typos i.oe B 132, DB 6001 and Jume 211 werc now
l_;xamined wit:lb. @ifferent fucls undor conditions as neerly equal: as possibla.
. . - . I_' N AT . o P °
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ThS ednditions of the axporimonts ware'

v —————~————1——————00mpresai-an-rs~frio—————l-:

Boost air temperature  130°C
Engine speed n= 2000/min
01l outlet . 7096
Goolant outlet . 80°C
'Exhasust gas oxtractor .
'depression, with 1500

mm Hg boost pressure. 3-400 mm WS

B

" Tho fuels usod were B 4, OV 2b - RLM end ET 100, -~ .  _-

" The sorcailed engine characteristics et 760 mm Hg boost prossure end
- temperature of boost eir 80°C were t aken 80 a8 %o investigate the beheviour
of the three sngine-types at ths same boost., (Fig.l5.). The lower. performance.
of the BMW is cbviously due to a smasller volumstric efficlency. Fig¢ 18, shows -
the repreducibility of the knock 1imit curves of the three fuels in "the .
DB 6001. The cormsponding curves in the BEMW 132 N (fig. 17) in which the
-error-limit # 27 has been exceeded ere inserted for’ comparison. It may thua
be - seon . that by using liquid cooling smallor variations may be~expectod.

The knock limit Curves were now arrnnged according to different fuslsg, ..
(Fig. is end 19). From these one sees that the different engine types evaluated
the fuels rather differently.  The positive or negetive differences in.- ..
performance of the DB and Jumo in comparison with the BM¥ cylindor have been
roprosented in fig. 20 in order to show this effoct more cléarly.  Tho DB
permits much higher powers then the BVW 132, end evelustes esm cially favorable '
the aromatic ‘fucls, - fn the other hand, ‘the Jumo surprisingly codld only be
snpercharged a little; the inverted order of the fuels shows that the cause ..
of this must be sought in higher cylinder temperatures. (Pootnote: It must be
mentioned thet the initisl observations giving e lower reting far the Jumc-
eylinder must not on eny account be construed as = judgment of 'I:he value of -
this type, because the water cocling Iln the singl@ cylinder constructed by the
Tochnical Test Staticn diffexsd™ considarebly from that in the main engilie.
The experiments were lator repsated with imprcved heed cocling, - The Tesult
was & considerrble upwards displacement of the knock limit curves ‘for-B 4 end
GV 2b .fuéls; they “then Aiffered but little from the curves of the DB 6001. . One’
cen -gco from this how much insufficient. cooling may falsify the Inock -
..cheracteristics of & watercccled eylinder. sde fig, 30).: o i
This exemple shcws that much may be dcne on the sngine side tc suppress the
knock tendency; obvicusly it .is.e better plan first to exhaust .tho improvements
attainable by verying the engine rather than to meke higher demends on:.the fuel.:
.. The example chosen heore further shows how much informeticn may be gained from i
we:cperment;s-wi’ch—dii‘ferem: -fuela; thoy méy. unccver feults which aven long-term
temperatura meesurcmonts may n: t detect.’ i )

/ Fig, 20 shcwed that efficiont cooling of .the cylindur has. a very favorable

. effeot, especielly in combinetion withe romatic fuels.® & few preliminery
oxperiments with inereased velve overlsp (fig. 21) showed timt ccnsidereble .
veristion in fusl reting may rasult in this wey.. . From fig. 22 it :la ‘apperent
that the lmock 1imit curves for the. DB 6001 may -in general be _raised by
increéasing the valve .overlep espacially with arore tie fuels.. The. cause .of. this
is to be.attributed fo.impraved cooling of the eylinder by increesed scevenging.
The lowering of the knock 1imit burves in the rich region’which hes been :
. observed elsewhare—as & result of high'#alve overlap was not nbserved to. the
‘same oxtent, ' Thid surprising. phenomenon requires. study by ‘further investigetions.
It should be . left to the dasignars of angines to. Tind out whether 1t is .
juetifiable to builid engines of such valve timings. e

' This {8 snother indirect example or how knoek chamcteristics mey 'be
influenced by ccnstructionel fectors, It could bo shown that in a main engine

the .tendency to diluticn of the lubriceting oil ‘was-considerably reduced -by

" replecing the usuel injection nozzle by one of different design: Groater
: freedom of choice for the upper oend of the boiling curve was aahieved in this way;

'




apd allowed of an improvement in the enti-~knock value of the fuel

by thereddition of¥specinl -&ntiFknbck: oompbnenks,. v &k HBincotthe ~Ha
improvement in injecticn attained by chefnging the injection nczzle will have
a. favoreble influenco on tho overall behaviour of the engine, we heve thus
sjcwn egain thet investigaticns of this kind cen leerd to imprcvement -in the

- ‘engine.as woll as tho.fueol.

In a leter pepor wo shell show ‘that rcutine.examifietien of fuels es to

their knock beharicur under supércharged conditions maey also be carried oub
~ in the I.G. test engine. The cperational ccnditions for this engine have been

adjusted to give egreement with the rosults for the usuel EMW 132 N, It will
elways be nocessery however tc watch the constents of this equaticn end to
elter thom .frem time tc time when progress in tho engine c-nastructional field
80 demonds. In ospecially impcrtant cmses it will alsc be necessary to carry
cut comparison tests cn the fuel in the lerge cylinder. ' The ebave investi-
gations have shown that constructicnal features may have & Yery large ‘
influence on the knock btehaviour. In crder tc be eble to define the course
of development -of fudls it is absolutely essentiel that thesa ouextions should
be. thoroughly investigated in & single c¢ylinder test engine.”

' Nowsadeys our-test-stands are’ erected in'scund proof, ro"ms end centrolled
frem a switchboard. This has been reccgnised es essentlrl, since with.
continuous operation the noise ¢f tho engine has-bal effect on human health.
This does however raiso the question of how to observé the dotonation. The
simplest wey is this, A wire, -3 mm thick is attachad t¢ the cylinder and N
led outside. through the well nnd ends in a small shedt. iron plate. For a
s1ngle cyl::.nder thls makes the knccking EufflciJntly euc.ible.

Since Lmuck tests on mein engmcs ‘ars not- yet availnblo, we investigated L
.other mothods of cobserving knocking by eliminaticn of the normsl engine ncise. :
‘The ‘concition was that no indicator 4rilling shiculd be made in the cylinder.  °
' The- problem wes solved quite setisfectorily by means of a magnetic pick~up
which reacts to the vibrations of the whole engino, ' Our experiments have led
© t0 an arrangement similar to that™ Uussd: by Frof, A.W. Schmidt. {Foctnote: ..
Compeare-A.W. Schmidt, Investigetions on the kmcck cheracteristies of fuels
.on" the test stand and u.nder operaticnel ccnibions,. Oel und Kohle :54, (1940)

No. 37, p 350.)
A poculiaxity of.our arrangement perheps consists in 't;he plck-up balng
‘oomocted with-the engine cnly by cne longish thin steel wira.

I$ hss not proved practical simply o viow the icture on a crtho (-
ray tuﬁu, where tiae kuoIHk imptulses age"nsib Lo ag shIc)wn in fig, 23, s, 18

much more ractical o listen in to tHg knock.noise on & loud s eaker or. Loead
phones, ?Vithout be:‘fng ii)ound by tﬁe observations of en instrmgnt the

- 1nvestigator is in. this way elweys aware of the operstional condition of the
engine.  The knocking vibretion which is recorded by this instrument-is - -

- clear end distinet from eny other lesser noises. - It enables one %o mske &
better determination of kncck on the single cylinder test siend then is
pcssible by means ¢f the wire telephone mentioned above. It - mry dbe expected

- fhat this Instrument would nlso be usaful for 1istaning to dotcnaticn in the
main engine.

\
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'I.G, QOSGe.rch engino with Deimler-Benz 6001 cylinder

1.6. test ongine with Jumc - 211 A- cylindor. L
Cylinder head of tho I.G. tust engine with Jumo ~211 A- cylindor.

Conpagison of menn uﬂoﬂ,lva prossures end fuel consmnptioha of the
BMW 132N, DB 6001 and Juno 2"1 sup orchergéd engines.

Band 'Vidtl;s of B4, CV 2b nnd BT 1C0 fuels in tho DB 6005

'

. Bend widths of B 4, OV 2b end BT 100 fucls in the BMW 132 N.

'Comparison of knock limit curvos of the BMW-lSZ N, DB 6001, and
-Jumo 211 suparchargod enginos.

Comparison of knoek 1limit curves of the HVIW 152 N DB 6001 and Jumo
211 . superchergod engines,

Evaluation of fuels in the DB 6001 end J'umo 211 in comparison
with the BMW 132 N, ’

Valve Timing in BUW 132'N, Jumo 211 and DB 6001 eupelcharged engines.

0 omparison of .knock limit curves of the DB 6001 supercharged
engine et different velve cverleps. k

© Difforent knock 1nton§itios reproducod by the magnotic piqk*un.




- 5 —
DVL Report on thoiKnock Characteristics

o 7 L7 Junc—1o4
(pp 85 - 84)

29:\._9_01{_?411’1111’)111‘ in ongines havin lnro valve overla
tnd with the DVL - 1n.,ction mothed with Livided
inactlon. .

By

..Dr. - Ing, ®, ;Eornac‘x:er, D¥l, Borlir ‘—J’\I‘,d:éi‘é 1

As cemparod to the ongino without ler gt. valve overlep con. Vhich the DVL
suporcharge test mothod for fuels is based, more rocont developments in engines

. have brought srbout chenges which influcnes the shepe of tho knoek limit to.d=
‘considerable extent, Tho aloption of enginas with large velve overlap results -
in en incredsed parformance and a rolatively smeller thormal loed on the engine,
on account of the filling of the doad sprce and cooling of the combusticn
chamber. By altored:velve timing en appreciable difforent shape of the kmock .
limit eurve is producod due to the chenge in the influence of the residusl- gas
end the temperaturs distribution in the ccmbustion chember, which are probably
differsnt from that in an ongine without or with cnly little valve overlep,
In general the kncek limit curve in an engino with large valve ovorlap is
flattor thenm without velve overlep. Espociaslly with lower boost elr temperatures
and with fusls which heve naturelly e flat charo‘c,tenstic, tho flattening of the
knock, limit curve msy go ao far that it shows throughout & declining tendency
with increesing richness cof the mlxt;ure. Fuels with e very steep cheracteristic
i.0s especielly aromrtic fucls, alsc show & cOnsicerably flattor course but in’
this crse it 'remeins of similar f: rm with e minimum et a slight eir ezcess -
(}. about 1.1). Espociplly in cennoction with the rise of fuels which are rich
in arometic c¢ompounis,. engincs with large overlap show a somewhat mere -faversble -
‘knock charnctcrlstie. Difficulties with respect to knocking mey only ceeur ’
undor ' ecniitions in whieh tho. anpine is throttled down; vwhen the pressure after
the engine exco 1s tha pressurge before the engino snd higher boost. fir

- temporatures ars ceuscd by the additi-nel hecting Aue to res:.dual exheust Eases.
Those conditicns of opsrati-n however sro nst vory 11kely to oceur-in actual
ongine opeoratione

Another mothaé cf operation- develeped in the DVL, the methed of ':lii'iﬁed .
injectiqn eims et a reduction in the knocking tendency of gaso:..ina engines.‘

Invistigations on spontoneocus igniticn “end knch phencmena Wors oercied
out at the DVL Institute for engine operating methods en? thermodynamins end
the .‘L‘ollowint results were defuced. A certnin initiel timc is necessar" for._

- sponteneous ignitiocn, its magnitude depending cn sn exponential function cf the
temperature end e pewer of, tho pressurs of the ,unburnt caseous mixture in the
combustion chember, Furthermore in ‘tho gesolins engino the knock process
deponds on ths ccmpesiticn of the mixture. With normal formtion of the
mixture by injection cf the fuel during the inlet stroke,. the distribution time

. and the inducticn pericd befsre onset of spontenedus 1gnition ars very quickly-

) reachad with incréasing boost and detoneticn then cceurs. - The: -f'*rmation =f
" the mixture wes altored in order to-attein lknock—froc running at highexr boosts.
Injection in the inlet stroke was regtricted to a amell emount of fuel so that

es 8 consequsncé of the larpo sir excess there was little tendency to knock,
“Tho second part of the fuel necossery for the attainmont of the desired final

- eomposition of tho mixturc was pe'rtly injsoted during the compression atroke and
_partly during combustion. This reduced the.time up tc the combustion of the
mixture in the cylinder tc belew the in ucti'»n perind necessary for the
occurrence of ku"cking. . .

) Extensive experimants with c’ifferent types .cf enginaa wero carried out.
“axperiments shoved that edpceinlly Curing operetion.of the engine with-—excass '
—-of -air the kncck limit is reised by 2-4 kg/em® meen offbetive pressure, according’
to type-cf engine end- i‘uel. ‘The knock limit curve in this methcd ig elso
. consiaerably flatter then w:.th normpl mixtum .formation. RTINS
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archarpd test in the NG U enﬁ_ino of the
zin A G, Obériausei~liolton,

pe. Ins. Az, Schoul Huhrbonzin Ahstiengesellscheft,
. Cheriauson=1inl: ’ [ :

" -Tae erection of a srmll-ex gino supe rcharge test stand was started i
Ruhrbenzln 2} years n"o. - This was meent to provicde a means.of dotern iulng

h o ol ! at Tho evaluagtion should
ggxe‘c}em\:rﬂfnl% 2t o l ne ﬁhhtgsgmgxlilt}]ig Qﬁtggséigg!ilpég far ag go'~s¥ { +he

Jatler teing the standard tost in Germany to-day. - The superoharge tast-atand
‘of the Ruhrtenzin hps now been in use for about a year. ' lore tham €00 curves
heve: teen plotted. S socond test stand of tho seme kind has just been
ﬂnished. -

) 'l'he construction of these’ tost-stands is essonti lly tho same as thnt
of thc DVL the methods of testing aluo. Yeing eimilar, - Our dovelopment work
~ on these test- stands, it.is true, is not yot completed. . . i1l the sare, I :
- willingly acceed to tho rocucst. of tho DVT to roport uere ‘on the results
obtained so fer, .

I'ue test engine we' close was tho NSU™ 501 OsL. . This is a four-stroke
a:lr cooled motoreycle’ en:-ina wit n e ‘capscity of 500 cec. ' The boro .is 80 mm,
‘the stroke $9 mm. i - .

“'The air is led into a comprossor through 8 filter end a gas woter/ and ie then
'conzpressed. It thon passos through an oil-trsp and cleciric heaters into the
engine, A regulating velve. co'nects the pressure and suction sidos of the pumpe
The boost pressure and the smount o0f air introduced into the engine are
controlied by thm valve. - . , e
- The tuel is 5njecuad_*nto tha 1nlct pipe. . In this respsct there
© differezac 91<
The metho njaotion had 6 be '“devolopcd i heca-sn “the engin Pedly
oporetes ~earburctier. . .The injection pump-ard nozzle weros doliverz2d Ly

“T the TiTf of Bosck: From the satisfactory fuel consumpiion end-eir cousunpticn

values one cen infelr that the mixture 1r‘ormat.ion, fuel d*str"ruuicn and efriciency
‘wore {;Qﬁdc

in tho'leaxﬁ rogion the consu} ption has tetwoeen 180 and’ 120 gm/HP hz
end with air excess ratios from 1,3 to 1,5 suporchar{ing‘ is- still possible

mxpe rixrents with direct 1njoction into the combus tion c¢hambar wrore ‘also

carried out with various arrangements of the injection nozzle end various
. nozzle shapes. Undor the most favoratle conditions of direct.injection-into the

Jinlet. pipe the knock limit ocurve was gs shown in fig. 1. The knock limit curves
‘Tor injection into the ind ction pipe snd for dircet injoction were plotted for .
- five ditferent fuels.  Theilarger spreand of resulls indicated in the fuels H'and
G- correspond to the larger variations which hed been found with thesec -sutstances.
~With somewhst unfavourable- velve end injection timingsthe fuel consumptions,
" contrery to expectation, wede not rppreciably lower then whon the fuel was
injected inte the intake pipe. - Thus injection into the cylinder -did not show

. any ‘ossential” advantagces, In consideration of the trouble of -drilling for the
“injection nozzle into the finned cylinder heed we novedays prefor 1nject:lon into
the suct:lon tuba,. : . . . ‘

cooling oi‘ the engine is effected by means oi‘ centrifugal blower. - Theo g
} power of the engine is measured by a hydraulic dynamomoter in the usuel waye
In theruperohargeJast tho ‘same mothod is ‘epplied as-in the DVL method., .
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I essume” that this method is known, and I shall not go into it further.

Fig. 1, 6omp¢irinon of tho knock limit ocurves with injootion 1uto
_and. 1njaction into tho-eylinder ( BS~stondard—fuels).

- During the dovelapmont of the methkod, & number of modifications to the
enginé appeered necessary for supercharged. operation, That such alterations
might becoms necogsary could be-countod on from the start. considering that mean
affoctive prescures twice or throo tiwmes tnogs for which the engine had boen
. {ntdndod end developsod aro uspd in lie 3 ~ocodurcs for modern fuclse
Aport from offorts to atiain sufti y reliable cporetion, we worked also
on determining the rango of veriatiog sne unl MSAns of roducing it. ~We also
tried to fit the rosuits to thoso of tho BMW 152 cvlinder.

. nmc veluss in fig. 1 elresdy glve en idos of tho ragnitude o7 thess
variations; ‘dach curve having boon plottod from iwo soriesof meugurcmen'bs:
Dovietions in sromatic fuels- or thosec containing slcehols soem Lo be larger
-.then in paraffinic fuols. . &s en indication of the limits of deviation I have
.ineluded fig. 2 where more measurements. werc’available for plotting. Here the
range of variation is somewhet wider. It 'is.to be remembered in the consideration
of thesc figures that our oxperience of the NSU supercharged engine only extends.
over:a short period of time. -If to-day the veriations in the NSU engine are still ..
somowhet groeter then .in the BMW -132 cylinder, I.gtill bolieve that this need
nct necessarily be the ossc, fundemontelly. N ’
“-In general tho superchrrge test will;meet with similar diitficulties in |
‘ relation to deviations as thoso sufficiontly well known in knock testing engines.
Theso are probably due to tho fect that in the alr fuel mixture the pressure
and temperature at the end of compression may undergoe slight- variations without.
“these variatlons being‘obsarvuble from the outside. T ’ /

) One obvious concition for & narrow ranée of dcviatiéh ‘is that the' engine
operating: conditions shculd remeain sufficlently constent, end also that tho

mechanical -eondition of the enginoc is good. Accordin o -our experience the .
.qual_:i."cy of the velvo seeting m%s_t be-—.p:%rticularly watcﬁeg. . xp .

Fig. 2, Brzeples of curves plettod ropeatedly under the seme conditions for an
indication of the range of deviation. S s :
meking-tho ratings Aifrorent fusls in the N8U -eugine
ol in another e a2, ‘the BM¥ 132 in our case, meata wWiih
specisl difficulties, . From eero-ongines we lkmow that +he re rmissibl
~mean effective prossure for differont types Of fuels aws not in the -
on different engines; in any engine they.elso depend on thoopereting conditlcns,
_The a ssessment in cne engine, such.as tho’ Bd¥ 132 test enging may thus seom -
erbitrary at first, The selection.of such an engine end of the: conditions
- under: which the test is carried out is governed by the requirement of obhaining
a fuel as reting which will give e safc and Teliablo representation of the :
bohaviour of the fuel in the precticel flying operetion of the main 2ngine.  One

t be prepared for_ other test co t [ eg ore guitable at some
mure dgtepinwaccordance with the 33%9i83593t558¥ ;"EI‘STS‘ anavengines. . T en

different forms of supercherge test must be devoloped on smell-ongine.

- ‘One requirement in the attompts to fit the NSU é‘ngine ratings to those
of the BMW-132 cylinder, under the conditions velid at presont end aslso for
possible future alterations in. those conditicns, was that of finding out the
“influoncs on the curves of alteration in the operating conditions.. Numerous
experiments were carries out at the Rubhrbenzin- for this.purpose. We. used
a B 4 fuel for a number of proliminary exporiments and for the main tost
progremme, fivé fuels ‘provided by the Institute.of fuel research of the DVL
end having the following—compositions: e EE .

R ) ;
G) 754 ET-100 + 25% avietion gesolino . |
H? 757‘: motor benzol + 25% aviation gasoline

A




"I) 479 Ethencl + 537 aviation gasoline
" 'K) Aviation gasoline + 1.2 .cm / litre TEL
L) ET 100, pure’

i From figs. 3. end 4 may be posn how Aifferontly theco Tuols ara a‘ffectéd‘
by ‘intake eir temporsture, ignition tlming and compression ratio.

B‘ig; %a LfPcet cn boout preasuie of iataks-alr fempaeraturs for AL 0.8 and

1.1 { 5 BS-Stavderd. fuoels). :

* Hore tho moan effscbive prossures for pir o'ces., ratios 0.6 and 1.2 of the

5 nmed fusls havu beor. -olottad o8 in terms of tiox timing ccompresslon
exrporaturu. ' "Tha lines rapros meen valucs of 2

numbor of zurva Similar curves for the MW héve been pubillished by Hhe DVL

institute of fuel reseerch, It is evident teht the fucls H and I whienh

contain arometic substances and £10ohol &re relstlvely sensitive to & vaciation

of those oporetionsl mrgnitudes; fuels.G, K end L which have a moro paraffinic

neture, sesm to be less. sensitive.. ) ' SR

Fig. 4. Effoot on boost prossures of ignition timing and compress:.on ratio
for;\- = 0.8 an” 1.1 ( 5 BS~Standard fue

. .part from the factors mantif\nod above, cylinder head and exheust. valve

cooling end the positicn >f the injection also effect the ¥nock limits of the

verious fuels differently, slthough.for most fusls their influence is small.
) Here too the fuels contamlnc erometlcs and alcohols were more sensitive.

The influence of . onglne speed anld valva ovorlap were also chserved 'v1_‘th
several -types of fuels:y Not sufficient deta ars available, however for ’
establishing their offects preclsaly.

The inject:.’;n timing had 1little effect on the pos*tion of tho krock limit
CUTTE o We injécted at the beginning of the inlet stroke, in the nel ghbourhcod
of top deed contre. Injection at a much levor e 1ncredsed consumphio...
Furthormore unfevorable injection timing may result in e 1loss of fuel. throngh
_ tho exhiaust’ valve hecnuse of the velve overlap; the supercharge curves would
thea Te reinly spleced horizonially. : The boost préssures may be considerably
B mo».xi‘;.ed by adjustments of the .velve overlep, while:the mean off eative n"cssurea

v muﬂ}‘ iess affected For this reason the mean
i3 56 bo a mu\.h ter basis of copparison “I
hocat p:.ossu“«.. . ;
t‘aork on tho influence of operating conditions ig still in pm T

n'cth*ng final can therefore bo said as to the degree of epproximatica of the
rosults to those of anothér engine. As en examplc of egroement already
sotoblinched hevwosn NSU and BMY engine- the “supercharge curves of the five’
nemed fuels for tho NSU cengine are compered with those of the BMW in fig. 5.

. One can see that though the vaelues 20 not .coincide, . similar eveluetion is
ohteined . As e further example I-show the supercharge curves of three
aviation fuels takén on the BMY engine by the DVL end by oursalves. The
conditions under which these velues wers obtainad are compared in the table,
The supercharge curves for the NSU engine are more closely together and: . -
somevhat flatter in -general than thdsa of the EMW engine.

'Fig. 5 Cemperison of knock 1imit Curves for 5 BS-Standard fuels in the EMW -
and the NSU. NS = = e ‘. T

: The lovier mexima of the mean ‘effective presssures in the NSU engine woTe
at first consciously aimed at in order to spaTe the engine which had: been
intended for a quite  different purpose. . With the 'small alterations of the -
engine carried out by us, we could run the engine’ continuously with supercharge
for a period of 200 hours withéut any spprecisble engine trouble. ' Naturelly
grinding—in of values waa required more fraquently, nemely overy 20~30 hrse
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Tt thorefore scems quite possible to run the ongine at higher mean prossures,
Fige 6o Comparison of sﬁporchar{r,o surves for .’54nvintion fuols.

rth +he same sefciy if Turvhor ccastructize werpuier zre tekeR. Such )
megsuras, which mst be cerried out by thc manuracturors, are to bo considored,
particutariy 1l thoy might have to be dono Tor 2 egrenter numbel of mglnnsa

- Summerizing one c~n sey thet tho NEU swaercharge tosh stond hag
fulfiticd our roguirorents in the tiald of sopliesiion for whieh 1h wes
interudqdi_'_"_';’no devclopmont of synikotic u7iuiicn imoels hes e eonciderably
edespred by She opportuniyy offorod vy the N cazine to deto: e dogrec
to vhigh latorehbory spocimerd= aould bo uced ror supoerchul :
preductlion of those substances in quentitios of 20 o foto}
by the agro=-¢ngine single-oylinder would have’ been practically i 2
Bosides the small amount.of test semple, 2-3 litres, furthor edventages
aero-engine single—cylinder ere the low construction cost in our case
10-12000 RM for oach test stand, end tho simplor menipulation involved in

- agsembling end testing. . ’ R

Tabie L

Comparison of operationel factors in the supercle rge test of tho BEMW 132-(1)171’»..')'

anfl the  NSU 501 0SL-engine (Ruhrbenzin’).

VL RB .

¥

B 132 " NSU 505 0Os%

£ eylindor

.Gouli‘né

Mpxbure formation - injection into §yl. - injegfion into inilet pipe
P S : . / - : . / :
100 -crenk angle A.T=C.

- (inlet stroke)

-+Injection Timing 250 A.T.C.
Ign‘it"ion"]?imin‘é o varieble - o " éonsteant 22° B.T.C.

RFPM, -~ 0 o 1600 ; -+ 1800,
Inlct air temp °C - 80 ) ©o. 80 i :
Evelyation factors Ppo Boost pres. at - Ppe Boost pres. at onsst
e : ., --onset of knoock (10 ' FPkmack (10 knocka/m_in)
' : - mocks/min) ' BT S

"~ ‘Refsrende tactor————air-oxcess—Tatior——— air-excess 'ratio

- Knock. femsurement - ' Aural T .A_urai .
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Up to now ma:mly arcmatic i‘uals have been employou in - tlhe n-'oc...«”1 on
Zof __high power: fuels because new installations for the manufacture ol
Iso—pareffins cannot possibly ‘be. built in such. a short. times’ It is. true
t0 say thet 204 only of the totel demend for Iso-paraffins can be
.-produced,” The remaining 804 must however be of equally high enti- -
¥noek velue es Iso-octane if possible. - A fundaemontal drawback of
arometics is their sonsitivity . to tempersturo -chenges which cen . bo . explained

. thoorsticelly. This sensitivity might howevar be modified by modifying

the boiling point curve and the composition of the eromatics. Velve
ovexrlap and divided 1nJ oction offor means which can bs used to overcome

the dlssdventapges. ~ For this reason it would be neoessary Yo adjust
the engine to the pmctioal conditions :hmposed by the fuol Pier).
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-

" Dr. Phil. A.V. Philippovich, DVL,
L L o ‘

The p racticsal importance of. the various properties of the
fuels is given by the demands made by aviation. _Tw0'of thgse
recuirements are of very considerable importance in relation to
the storage stubility, the homogeneous and uniform character of
the fuels end the possibility: of storage under the fiost varied
practical conditions. The first demand is that the fuels have

. good storing properties even ih mixtures from various production
sources-and. independent of the mander of production. _.The second
demand covers all the.conditions of operation under which fuels
may be used. Testing of the fuels must thus be carried out .
under the most unfavorable conditions in order to obtain a real
guarantee against failures.. ’

it or carrying out an exact assessment of the.
7 Tity. : R ‘ :

Formerly difficulties caused by insufficient storage
stability were encountered for unleaded gasolines only in the
presence of larger amounts of olefines or particularly the ‘
unstable diolefines, ( in particular rasin formation) ; saturated
hydrocarbons behaveu well alMost wivhout exception. When leaded
gasolines were us«=d the behwyiour was Gifferent. It appeared
that mixturescontiining ensine benzol or fuels with a high
proportion of arnmatic¢ substances had worse properties than pure
gasolines. The chemistry of the phenomenon was not clear. It
was, howevsr probeble that the composition of the fuel or the
impurities in 1t cause an accelerated decomposition of the lead
tetracthyl and a consequent formation of resin. A number of
experiments were carried out at the DVL in order to elucidate the. -
mechanism; these experiments will be roported on below. Here,
Aas-also in connection with the properties of combustion one meets
the difficulty of epplying the experimental results to practical
conditions. One way say that for well-defined fuels one ocan
meke certain inferences’as to the phenomena under practical
conditions from the experimental understanding of certain connections
in as far as thé former are known. Some of these conditions may
easily be determined,” such as the volume of the liquid or the
volume ratio of liwguid to vapour in the vessél; others it is
diffiecult to ascertain such as the as. exchange or the natire of
the contaimer walls. .In addition %t often happens that other

. fuels may be added during storage, undéer conditions such that the

~ proportion of ike added fuel éither is not determined -or cannot
be ascertainad. Furthermore one is not clear about ‘the conditions
of, storege of the pesoline under investigation or even about its
actual state. For 1t will be shown later that the gasoline may
.alter tossuch an citent, evén in clean-tight glassbottles and in

- the dark, that one cannot even guarantee reproducibility at one~
and the same test station; so much the less at different.labora-
tories which receive their semples in different vessels and after
different periods of time. '~ These facts show that it is possible
to make a definite prediction as to how some fuel will behave.under-

one or the other set of conditions of storage only if. these
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conditions are stated unambiguously since this will never be
possible one will have to be content with a statement that one
fuel will fail under unfavorable conditions where a:-second fuel
will be more satisfactory. It will be left to further laboratory

and storage expariments to show whether it is possible to lay down’
ni ge stabilit

: It is for thls roason thet the correlation between bomb ageing
-andpractical storage is so bed; ouite apart from the different
temperature regions of the processes the overall conditions in
practice are milder than the laborzatory conditions in one case’
and mora stringent in the other. The difficulty of relating
the results_of_lsboratory ageing experiments to practical conditions
is not restricted to the bomb test but extends to all laboratory
methods. In order to safeguard at the manufacturing stage against
undesirable changes in the fuel one has to tske into account the
worst circumstances. This may be done by suitable refining and
by adding inhibitors.

Imhlbltors

. Inhlbltors have elreudy proved themselves in the protection of-

-/ olefinic fuels against oxydation; they are of no importance in
conneéction with satureted gasolines. The use of inhibitors
has again come very much to the fore in connection with leaded
fuels,‘especially those with a greater proportion of, aromatic
compounds. According to the. experiments carried out at the DVL
it is evidently possible to increase the stability of gasolines
to a large -extent by meking. suitable additions. . When one turns
one's mind to the use of leaded reference fuels in engine experi-

. ments one is impressed by the- necessity of addlng 1nhib1tors to

fuels which are sen51t1ve to storlng”

— ] v R
g. T. Morghbn DVLI Berlin
B Adlershof

The storage‘*fﬁbllity of fuels shall be discussed here,
without getting lost ‘in general considsrations-we-mainly want
+0 give a picture of the present state of laboratory tests of
the stordge stability of leaded fuels. It is expedient to
.start by briefly touching on the fundzmental causes of the lack

_.of. stablllty whlch leads.- to tho formation of low volatlle sub—
stances. e . ]

Une may in genéral dlotlnguish betwaen two cases which lead

to the formation ' of resinous substances.

1) Changes in the fuels which-ere directly dus to groups already
preésent.in the fuels, ( for normal fusls malnly unsaturated
compounds)

* Changes in thb funl due to the formatlon of new groups which -
may either: lead to polymerisation or condensation; they may:-"
also depress the vapour pressure of some fuel components to
-;such &n ~extent that thCSu are 1ncludcd in. the resin estimation. i

The T.H.L. in thd fuel is ;tself not changed in-the ebsence
'of light, oxygen ahd. foreign substances. A leaded fuel enclosed
in glass tube under pure nitrogen- only shows a minute formation
of a triethyl lead ‘compound-after heating at 180°C for.5 hours
Leaded fuels behave dlffantly ‘when air -and light are. present.
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The 1nfluéﬁce of light shell not be discussed here since it is of

" no practical importance. It can be shown by the DVL method that =

- T.B,L. especially in some particular fuels, - is destroyed by
‘oxygen in steges leading over triethyl - diethyl and leadllcom-
pountds-——Bagicltoadcompounds—are—the—primary products of~the——
reaction; most of these are then converted to the corresponding -
salts by the carbon dioxide of the air and the acids present in

. the fuel or being formed in it.  This decomposition of the L.I.L.
is generally .eccompanied by & considerable acceleration of the
oxidation of the fuel. We are here dedling with a mutual
oxidation acceleration. Some fuels are considerably more sensitive
to oxygen in the presence of T.i.L, and the formation of resins isa
thus generally ircreased. Apart from this there is an undésirable
-effect Of the lead decompositlon products. es.such since they are
insoluble in the. fuel and have a low volatility:

In addition there is-the effect of the walls of the fuel .
container and the effect of soluble metal szlts. RN ‘
B ' . : 1= — T ' L

. ‘Whet we are interested in is how onelcan in advance determine
the behaviour of fuecls under practical conditions from knowledge
gained in the laboramtory. .One generally employs. the bomb method.

. This method has given valuable indications as to the storing
characteristics of unleaded fuels; it was applied unchanged to
leaded fuels. Theoretically it_is impossible to. obtain really
satisfactory results‘'for a procdess which is so complex and in which
oxidation, polymerisation and condensation occur, in part at a
higher energy level.  To quote just one example, at 1009C i.e. the
-bemperature at which ageing proceeds in the bomb, the oxidation -
velocity may be strongly enhanced at the expense of the wvelocities._
of condensation and polymerisation. This meens that any groups
present or being formed which tend to condense or polymerise are ' :

- oxtdised by the oxygen in such a way that they lose their powers ..
of condensation and polymerisation either partly-or completely. =
AS & conseouence of this some.fuels may be rated relatively high
without- giving good results in practice. This state of affairs
becomes ‘even more obscursd.by pressnce of T.Z.h, S

If one wanted to form a really concise judgment one would

have to understand the several-phases of the formation of the low

-volatile substences; this is a task the solution of which is not - .
to be expecte@ in the near future. Another. tion.of importance
is the following up-of thespartial process viz. oxidation by means
of substances,: which in- contradistinction to molecular oxygen are -
not affected by inhibitors. = It is thus proposed to carry out -
expériments in. which fuels are o xidised by substences scting
similer to oxygen and such that it would be permitted to work in a
homogeneous phase and under abitrary conditions. — The DVL may e

.come back to these results at a suitable time, L

- The importance of the question of .inhibitors is demonstrated
_by_the fact that many of the aviation fuels coning up for examin-
atio n contain ‘a considgrable smount of substances (sSeveral tenths
of one per cent) which show. a.certain amount of inhibiting effect.
These fuels have a favourable behaviour when tested in the bomb.

>gggﬁ§§g£:rﬁles_gf the rueldb?come goasiderably worse efter the

20 A 'S have. Deen removed (as shown by the ageing in th nb) ;
this is represented in the Table T. = gsing in the bamb);..
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4 Removal of the inhibitors Resin gzqté 2¥
, - conts decomp.
o Docomp. Temp. mg/100 TEL
. Ne. of Cont. of _TEL - duripg convnl. . Sep~ Time of
+8Xper. VOl 4 TEL in soln. egoing working - Dis- eret- ‘inducin.
, . - ) ¢ ' up Totel solved ed out in mins.
e o o up IOV SO-TER ol o

b

N 1 odies 0,0006 100.9; 9.4 o-.voo9'o' 0,0070 0,0020 )‘ 240 "

5 0.20  0.0000 ‘ 100:5 23.1. ' 0.0355 0.0305 0.0050 }240° .

Phe M"Ratural®_inhibifors were reémoved from fuel 2 hafore thedleading.
Both fuels were ag=? directly efter leading.’ - e
It other fuels accidéntelly do not contain these. i itors or not
enough of them, they will be rejected. by the tcst-siation as unsuitable,
..in accordance with the present-day test mebhods. . .The DVL . proposed .
the deliberate addition of smell quentities of particularly effactive
inhibitors already in December 1.240; . the méthod 1s still being tested
under practicel conditions. This.willAbe,discussed later in connec-
tion with the subject of inhibitors. - TR S s
After this short sketch of the. general situation we mow come 1O,
the actual method of performing the bomb test. . With the aid of some
examples we shall also explain the possible‘sources.of error in “the
méthod which give rise. to the different results obtained at the
various test-stations. = According to & suggestion -.of the R.L.M..
‘experiments were commissioned by the DVL in the ‘spring of this yes
to be carried out -at Seven stations ; this was supposed. to show to~
what extent one could expect to reach concordant results when testing
a fuel leaded at one statlon. An‘sxtenéed test-method was' proposed
for the purpose: this made it - - possible to~estimate=theﬂresin‘potal,
i.e. including that part contained in the lead slime separately Trom
" the lead decomposition which oceurs;. this is aavisable. because 1t is
- very questionable whether the quantity and distribution of: the decom-
posed T.E.L, end of the resinoug-substances in the lead slime -and the
‘fuel agrees in the two cases: bomb test and dctual practice. . It was -
posgible that the, resin debtermination which is subject o so many :
variable and hard to control influences might fot lead to reproducible.-
values: in that case the lead numbers obtained would -glso be a measure
of the repwoducibility of the bomb ageing method. N R
The principle may. be summarized shortly as follows: The fuel
- from the-bomb, containing the lead which has separated out, is divided
into two halves.  One half is filtered end the lead determination
is carried out. This gives the amount of lead compounds rémaining )
in,solut;on. The second half is qauntatively freed from decomposition
procucts of lead tetraethyl in._solution by a 0.5h solution of nitrie
acid; a lead determination is then carried out on this part of thé
“.fgel. Thig—giveSwthe-quantity of unchanged lead-tétraethyl. - The
~difference.in the two lead values gives the guantity of decomposed
lesd tetraethyl in solution; it is meinly in the form-of-a triethyl—
lead compound. ° Resin_estimations'were carried out both:for the
‘filtered fuel, accord:ing to the usual routine;-and &@lso for the fuel -
treated following the suggestion of the DVL, this latter ‘sample con-

taining all the¢ resins and potential -resins =nd no decompound TsBels,

. -'Thb*fésglt'of the fing experihent was not favoﬁrable as far as B
tre reproducibility was _concerned. The large, differences among'thev
_experimental lead numbers. established that it could not bé_a question
g:rgozxggiiignisquestiq? of an error in the resin estimation. There-
o . were ‘also. carried out on the 1 : ‘ '
. effective during bomb ageing. - ® fmctoxe wh%cp night be

7o




Fig. 1~ Effect of the temperature on ‘the bomb treatment of
S two leaaed fuels. . L

The gffect of the temperatur ig seen in fig. 1, for two synthetic
fuels of the same origin but of diffcrent dellveries. The g
temperature differences which mey oceur in-consideration of the
differénce .in eltitude and weathesr smount ‘to.from 2 to 49C .
They should hardly exceed 1- Z0C on the average; the influencé of’
temperature need consequently be considerad only in relation to the
atmospheric pressure which hes to be stuted 1n euch case, thls hes
been proposed once beforeWby the DVL. : .

The suspected 1nfluenoe of the naturé. and type of the glass
insets was only noticeable somewhat for one labile fuel this may
be seen from the table 2 {experiments 5~ 8) .

" Table 2

“Adaition of
_ Various glesses. ]
No.of Addition of .. DVL . Resin content Vol. 9’ of decqmp JoBe Time of

exper.yverious glesses method mg7/l00convent. Total in sol. sep. ;out—induction.—
: ‘ C ‘ method. 5

L= 7.8. . 18.2 0.0215 0.0150 0.0065 § 240
Jenaer glas. : ©19.2 0.0205 0.0140 0.0065 "
Gundelach o - i
glaar Ce 218 . 0.0230 0.0165 0.0065"
Meschi- - ’ Ty ’
-nien—glas: ! a 0 0230 '0.0160 O. 00’70
o= , : - 0.04007 - -

: ,Maschi— - : - ,0.0525 : C e m
nenglas . - ) ’
_Jenser- . . - 0,.’0535 . : n. *70
Glas S : 16.8 - o '

- Fuel 55/40 with & content of 0.1155%- vol Tl elie was used for experiments
. 1,2,end 3- ‘and aged.directly after leading. .
: Fuel 76/40 with & content_of-0, 12007 vol. &',L,L, was used i‘or the experiments
5,6 end 7 end égad -thres deys aft_leeding. : :
: .+) The- velues refer to: 60 cc of fuel, :
The glass wes edded in the form of gless tubes in experiments 1 to 4;5. In
oxperiments €-8 rough gless shot was used which hed previously been cleaned
with a strongly alksline solution and wes then treated with 8 mixtu:ne of
chromic and sulphuric scids. " : .
The effect of the pressure of the oxygcn in the bomb seems 1o be emall. This
may be seen from teble 3. -
. h
) ‘Teple B - )
' Relation between egeing and oxygen preossure.

' No of of O_x_z_gen Ten_xg.during Resin content Conventional Content in vol.% dec.T-u-L.Time
:_qger.etm. . s8geing Qg( mg[loo methed gg( Total disasolved seg. off d‘Ind.

- 8Xco88 .

| .100:8 7.2 :_3:5;0 2 19,0 0.0580 0. 0405 00175 "195_

1 5

2 8 1008 5.8 10.6. 20,6 ‘0.0575" 0.0400 = 0.0175 . .180
3 5 100 10.8 146.0- ) 283 0;‘&:\1790"9;0555 . 0,0236 . - 190 -
4 7 '

101 11.5.100,5 ~ 30.4  -C.0760 0.0515  0.0245 . 160 .
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For experiments 1 and 2, the fuel 76/40 contained. 0.1195 vol.
T.E.L.; of these 0.00I0% vol. were attacked; the ageing was
carried out one day after the leading. . -

For ‘experiments 3 and 4, the fusl 76/40 contained 0 .11756 vol
. T.E.L. of these 0.0097% vol. were attacked; the ageing was
carried out 29 deys after the 1egding. )

t. 18" apparent that the semple trcated at a lower pressure of .
-gx&gen gﬁows a higher resinpcontent.when tie DVL method i1s applied.
This would point to the theory - that thé oxidation at” lower
pressures produces.substances'wpicb‘have,a greater power of |

condensation and polymerisation. . . '

T he greatest source of error lies in the elteration o? the fuel
with time; this is shown in fig. 2{ . We are here dealing with a
leaded fuel which was kept corked in‘a‘brown bottle without any
access-of light. . Portions of this fuel were subjected to theé
bomb test &t various times. Aftetr an initial falling off of the
resin numbers, a pronounted increase of resin formation is observed
after S‘days,(the variations which may. be seen.here are partly due
‘to the fact that the evaporation times could not be kept constant
throughout-on~account of experimental difficulties)? - -
+Footnote: The.workin s of. the fuel generfally oceurred on

T ke sem y.&s-the bomb ~, the evaporstion

on the‘folloming-dgy..JThefyMlUAs nzturally  depend-on the -

" amount ot breaking of the glass bottles.. Only 85 cc

;7 '0f the aged fuel 2 ( 21 -days o0ld) were aveilable for

"~ evaporation. In this case the evaporation was :
carried out three days after tle working up.

Fié. 2.: © The effect of ageing a leaded fuel on its behaviour
T ... in the bomb.. ] : ‘ . . )

Fig. 3 shows the quantity of decomposed T,%.L: &s a-function of,

- the age of the leaded fuel. ' The marked dependence of the aged
fuel on the menner in which it is boiled down is apparent in fig.
2. This effect i much stronger in the samples treated dccording
to the DVL method than.in those treated in the conventional way.
The' strong dependencé on the menner of the boiling down. and of the

~ working up- indicatée that the polymerisation end condensation proper

~'for-the greatest pert.only ocecur during the-blowing off on the- - -
water-bath, particularly &s far as the DVL method is concerned.

For the aged fuels treated @ccordifiz to the DVL all the groups,

capable oflreacting are free if ‘they have not already led to -

condensations or polymerisations. This mesns that the resin
numbers may be larger than they are’in-the conventional method
although the decomposed T.E.L, has béen removed ahd one has to
consider the potentiel resims(which .are formed- during the decom-

position of the lead slime which has separated out:) - The p;-

displacement is also an important factor; it ocecurs during the

. DVL treatment. . According to-out présent. experience the. 0.5%

" solution of HNOz which is employed in the treatment according to
the DVL does not have ‘any .effect on the results obtained with

the ‘semples. Resin formetion is at eny rate much? inhibited if

one quickly removes the: substances capable of undergoing reaction

(50 cc fuel and quick boiling down). - One recognises how import-

ant it is to fix the conditions under which the evaporation takes

place,. The DVL trestment is more 'significant in relation to actual

- practice in as much as. fuelswhich have aged naturally do not retain

.~in solution more than ‘about 0.005% vol. at the.maximum (absolute .
'proportion) of the decomposed . E.L., ( apart from triethyl-and
lead (II) compounds the" decomposed T.E,L . mainly comes down as
:dietpyl-lead’carbonate;’du&ing bomb’. ageing however 10 times and
more.than that amount may remain in solution. The quantity of
resin bound to the lead seems to.be very low;. this at any rate was

ke,
sl
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the result shown by an analysis of the lead slime. Tablé 4
ives an ‘exemple of the dependence of the resin numbers on the
%ime{of evaporation ( water bath boiling strengly and waterbath

simmering)

Table 4
) ,Influencé of time of evaporation - P
Waterbath - Hesin Content . Time of evaporation
"{ conventional Actual’ goﬁai
. treatment mg/50) t/Min. - t/MIn.
0.0 © ca.lz - .. 20

boiling
vigorously " b /

- simmering ’ 78.5 'oa;SO’ — 40 .

~ " days after it had been leaded.
T A '

The fuel 53/40 %as altered. 6.5 hours at 100°C'invth§\bomb five

Table 5
‘Relation of resin content . : c s
to_separation of .lead. : ) N
N6, of ~BEntry No. =~ Resin content | Content by vol.% of decpd.
~E§BE;._ of fuel. - - DVL mg/100. : lead tetraethyl.

Total in soin. Sepd. off.

76/40 - . . 20: 9 . . - 0.0635 0.0405  0.0230
108/41 -  0.0178. 0.0166 = 0.0012

1
2 .

5 1sr/41 . 2.5 . .0.0175 0.0 155 0.0020
4181/ a1 R 0.0085 0.0075 0.0010

Table 5 gives a comparison of the décomposition .of lead &and the
formation of resins.’ It is apparént, that no simple relation
exists between the formation of resins and the..decomposition of
lead for the bomb treatment of leaded fuels. -

_ ) A . DA ‘
. Some sources of. error have been shown .up for-the bomb test ~
with thé aid of some exsmples. It would be necessary .to estimate
the magnitude of the various factors by a larger series of .
experiment; this would have to be done under consideretion of ' the"
~ factors whose importeance has besn ascertained while all other con-
ditions are kept strietly constant, then one would be able to
obtainsignificant values for the several factors. From the
- experiments quoted above the following may be directly and safely.
. . inferred, under certain circumstances, a difference of a few days. ...
©* in.the age o f two otherwisec completely identical lsaded fuels.-way, . ...
play a large part. = The effect of .age may -be:considerably rein-: . . b
:forced by transport; quite apart from the effect of the container
walls.. .. Furthermore it is apparent that the manner -of evaporation
“is important; also there is the. somewhat smeller effect ‘of , the -
.. temperature during ageing.’: The ratio of resin formation -and lead .
o decomposition varies strongly so that it .is particularly the.
“estimation of the total of the decomposed lead tetraethyy: which
-should be adduced for the rating. BRI AR
N N . L PRt R ) - ol B N E




. The following is therefore proposed to improve the reproducibility
of ‘“bomb ageing as cerried out so’rar:— .

1) If possible one should ascerteir end statz hhe_age of.the .

, . leaded fuel which has to be teste@. If‘necessary,th? bomb
y troatment snould ~wi o ; o
- practical rating one should only employ fuels which had
been leaded at loast one month before. : :

. Lo : . -
. The atmosphzric pressure.should b2 quoted with the resin
- and leud valuves, o

. \ .
To increase the reproducibiliiy the evaporation should be
carried out with SO cc of fuel. The question 1g yet
undecided as to whether the DVL values ~bbaintd-with evaporated
fuels wporyimates worn nacrly o wobinel conuitions when the
volume of fual.is L00 cc-or when 1t 1i0-90 ce. At. the present
Romen s, atTEny rete, the velues obtained with 100 cc are more
significant. : o S . T e

- Thewater bath must boil with bubbles both before and after
the eyvaporation; the depth of immersion of the glass vessel
should be ascertained accurately.

The ;quantity of air ( litres/hour) employed for the
evaporation.should be corstant anéd should always be blown
on in the same manner. - Furbthermore the air should always
- be’sufficiently pure. S - . P
.6) The glass insets sould all- be me?~ of the seme material
(Tena .glass) and should not be :weensed with alkaline
substances. ; ' :

e et et 8
i = e

- 7) TheiDVL'method should &lso be employéd{-aﬁ least not all
cases which are ambiguous and for the investigation and
~rating of‘newly introduced synthetic substances.

——-—---Bomb tests-carried out according to thess directions -should ..
- show''a satisfactory degree of reproducibility. -~ It may be expected
- that.the reproducibility of the method will~then be greater than
. eorresponds:to its usefulness, particularly in the range which -
~.econcerns aviation-fuels.” It is necessary to collect yet further
relations between the bomb test and practical conditions; the fuel
_contalners employed for storing dlways have to be accuidtely specified,

What is evident now remains to.be investigabed . The mechanism
of "ageing will have to be explained; one will huve to find out those
substances which have an.imfavorable effect on storage.  For the time
being it is necessary to obviate the existing difficulties by using:
inhibitors or, if necessary testing their effectivensss under-con-
ditions of natural storege. B o o ’




Stérage characteri shies or e
fuels -

Pty
,

— -By;Dr.‘ﬂ; Véld@QRuhrbenzin A.QG.,‘ Oberhausen-Holten.

In what follews L should idike 1o report on experiences which
we have gaiued in the storage of the primary products end the
ocracked comporents of the svathsiic pricess ‘Alvhough we are
not here dealing with aviation fusls ¢ cenporent:s of aviation
fuels, I dc believe that some of these experiences will prove
to be of interess. i ‘ o

: There are two properties the changes in which- have to be
- 8peelally watched in the storage’ of fuels. .

1. O‘ctane_ number
2.'Re$in Content., ..

.. There are variousfactorewhich directly cause a diminution:
of the octane numbers; of these I.shall diregard those which are
purely physical i{e.nthQSe»depénding'on,the gassification or
vaporization. of the éasily volatils components; I shall only
deal with the chemicdal factors. . o

If all the hydrocarbons contained in fuels, those containing
»6lefinic double honds are the ones mainly :reponsible for chemical
.changes. This is due %o the ‘fact. that thesd ‘double bonds. are
-, barticularly reactive and above all esasily combine with ‘oxygen. - - -
~ . This refers.to’ both aliphatic and cyelic olefines, Hydrocarbons
E) rti unfavourable effect, ‘

8.8, cyclopentadiene.
- have a preponderance ol ‘era
to storage. . The primery products of the- yathesis also
contain a considerable proportion of straijht-chain Olefines, as,
’thGSf gre-alﬁogttﬁur ono-olefinas' t ronditions are quite
speclal so tha e pri etic s are P 13
@ifferent from crack £. ... ooouS Are lundamentally

... The properties of olefines .are Xrdwn from éXperience obtained
~with cracked gasolines; it was to,be'expected;that the primar& ‘
~products.of the synthesis would ‘have ‘the same general properties,

. .We therefore started early on investigations into the effect of =
‘storage time on fuels mainly - ecomposed of. Ty products of the .
synthesis, = After a number of preliminary experiments we starteg
& whole series of eXperiments in order to‘elucidate‘the\storage ‘
8tability of the primery products;  the storage stabllity of the
cracked gasolines obtalned from th -boiling:primbry"pfodugts-1

" the stability of mixgurses h by themselves and witn. ' .

7 the addition of inhibitors, fuel spirit end-lead, .- In—this way

we have: stored ‘gasolines in: 200 litre-flesks. The foXlowing
additions“wére'made:- PR o : :

. 1. Cresol as inhibitor 0.2 gu/litre o

2. Fuel spirit 11{5%‘vol,~‘ : S _ _ »
3. TEL 6Tg-cc7iitre el ;VJ‘,,'  : i, R S

‘-"AThe,samples'4‘to 7<éonéistéd'of ﬁixtures11;2;'1,3; 2;3;Vand:,

1,2,3. ' In order to Tind out the extent ‘to which the material of
the vessel affects the altérations ‘during. storage, conbainer‘g"'were
- chosen of galvanized iron as well as pure iron., L T




o ’ : ‘ T ‘
j—The_gasolines wers ggsin exsuiped dn 1940 , after having
. been in storagse for two years. Some very interesting observ-
— —ations were made, the modt impersant of- which shall be reported
.here. ' o : : C

L4 - -

*1. Change in the cctane numnber

The colane nuuters of the orviginal ssmples.hnd fallen
_ strongly. For primary gazoliine fov insha . fell from:
68 to~, 40 end ror ecracked gasol 5 hO s kD Thie
diminution _of ihe cctane numver was. alwosh —wmbletely prevented
when an infibiter was added.. Under thsse soaditions. the
alteration in the octane number is abput J or <4 units; this may
partly be explaincd by an eVaporation of a smell quantity. Fuel
spirit has also hed an inhibiting effect on primary gasoline; =~
the octéne number thus remaining constant, for cracked gasoline;
howsver, there was a decrease of from 4 to 6 octane number units.
AThe_addition of TEL, astonishingly haes so strong an inhibiting
effect on both primary gasoline and on cracked gasoline that the
octane number stayed constsnt, at 72 in the case of primary -
gasoline and at 80 to'81 in the cese of cracked gasolines.  There

1s one restriction however:- tho inhibiting effect of the TEL g

was only observed in galveniscd iron containers. When the

container was made of pure iron the -primary gasoline fell by 7

units and the crecked gasoline by 12 units. As the single com-

ponents have essentlully irhibiting properties, it may ‘be under~
. stood that the miztures also kept the octene nﬁmbers at thelr »
original levels. . . B
. - In. some-cases,; particularly in che igin N :

' ovtane number has boon observedYtO'fv?l orst ngéhggngggggé ggea"» '
guick new formation of peroxides.- It Is kpown from the ‘
literature that pero xides may heve 2 very considerable effect on:

~ the octane number. Le% me refer here ke the work of Schilawlichter: '~
in. combustion chemistry 19 38.  In .this work .he represents the- o
dependence of ths octanme numbey on the content of pe%ﬂy*de for DT
one of the gasolines under investigation. - He finds’%ﬂ;*'ﬁhé ) t. y
aumber -is lowered by 1l units when the psroxide content Eé 7000c’ane'
‘The incre=asc in the peroxide conteat is*oar%if quite con*ideraﬁl o
in our samples; - in theoriginal primary gasoiine for insgénc ‘iﬁei ‘
600 ‘to 700 mg and in-the original cracked gasoline 1050--1400e "*SG" '
ggrgggi;eigﬁgﬁigeélitrgﬁ 'gurthor formation of*peroxide is‘hgﬁéver’f“}

. st : o8d-ty the abeve mentivned edditions. . “After two & .
Yyears = storage the formatio n is below 10 mg/11 o5t all

samples of poi : . L W mg e for almost all - -

'hadpbeen mage%mary gasoline to which ;hgbaooveamentiongd §dditi°ns L
with lead additio ing g msii‘e"“‘gai‘é;gi;gdtggb‘sample.-" ‘
container and 460 mg in the iron container, all.the > itois

. . ) ) : 1 s -the same. :
st;ll considerably below that of the original product. . %ge#s

difference between pure and galvanised iron is again remarkable here,
the sample in the pure iron container showing a larger indrease ..~ .
of peroxide. =~ As was to be expected it emerged that the inhibiting .~ - |
effect of additlons:is less for craked than for primeary.gasoline, .- '
-For &ll semwples with cresol additions it is of the .ordexr of ' ~: =~ ¢
magnitude of from 30 to 60;mg/ldtré; :When cresol end fuel ‘spirit
are added it is.reduced to 10 to .20 mg. ~ The effects of. fuel -spirlt
end TEL.singly and in’combination is'not as good as it is. in the -
case of primary gasoline;j. in these cases the increeses in the.” s
. ‘content of peroxide erceed 100 .mg..  With an sddition of pure TEIL -
~bhe increase mounts to 1000 mg in the iron vessel, in the vessel
- of galvanised iron’'the increase was again less., . | i L.




2. Resin content '
AThé following'tests were oarried out for the rasin determination; i
‘ apoT g 5 2 Jelii L E AT : x P
‘pressure of oxygen, the latter test- it should be mentioned, was.
- carried out according to the form as modified by the BV Le. at 709

The primary gasoline had in all cases remained stable-after two
ears' storage. .The maximum velue of all the evdporation tests
~1is at 6_mg/100 cc and for the bomb tests it is 7 ng at 70°.
. the periods of induction are more_than 4 liours iz every cease;
~ means that the increase of perdxide cont L
. litre due 'to oxidation, though its. aff + ¢
@ produce any separation of resin. The gasoli remained
per?ectly cleer. For all the cracked gasoline.samples provided with:
- Inhibitors the results obtained were equally favorable whereas the
. originals showed evaporation tests up to 385 mg and times of inductio
. from 100 to 120 mins. Of the samples with TEL addition it was again
‘ ~those, in the galvanized vessel which remained stable; in the vessel
' of pure iron the time of induction rell strongly. . The samples wit-h-
additions of fuel spirit. also have evaporstion tésts above 10'mg; in
. the bomb test the timé¢ of induction is 8till more than 4 hours, the-

evaporation tests however give 20 mg.

. 3..0thér snelyticel date
——-f——_-_—__;L—_ff_f_‘_v,, e N - ]
o . Of the other analytical data it is in particular worth noticing
- “that there has .been some ihcrease of the neutralisation number only -
© i the few cases which there had been a rise in the peroxide content;
'fgegh:hggrgtigld nog ogcur in all cases; when there was no increase
‘ ' xlde content one-could not observe an unamb
in the neutralisation number. e ‘?mﬁ_;;ﬁf?_iffggfffgffffi7

; In the course of two years' storage on a very small guanti: L
of low volatile components” had evapora%ed.' yfhé vagour pres’;sure,t»y '
- for ega?ple, and fallen by about 0.05 kg/em® in the mean, according
to.Relg_s measurements. - Similarly the boiling number has risen by
two units, corresponding to the mean boiling behaviour. :

Summary . . : . . :
;... ‘The storage characteristics -of primary ‘end cracked gasolines
. may be summarised thus:' . Primary gasoline, which mainly consists .
of mono-olefins, huas considerably more peroxide after storage;. this.
has caused a diminution of the octene number but has-had no effect
on resin formation.: The formation of peroxide and with it the -
~diminution of :the octene number weré largely suppressed by addition
cvof inhibitor, fuel spirit and to somes extent also TEL . : ’

'

. 0 riginel samples of refined cracked gasolines_gave both.a . . .
‘@iminution . of the octane number end an increase in the resin :
content; due to the increase in the content of peroxide. i In- this
case the lowering of the octane number and the increase of resin were
also lessened by adding-inhibitor; fuel spirit, end to some extent
-also.TEL., . i : I i

v

" I'f the primary gasoline is employed as a“component in the
mixture no effect may be expected even after long perio ds of storage
since the velocity of oxidation is strongly reduced by the dilution.-

ER. It is worth mentioning ‘in this connection that all gasolines
which contain olefins are:extremely sensitive to light. — This is
. partly known from the.literature, I carried out some experiments
“in this conmection: primary. gesoline was exposed tq day light in.a
- tlghtly closed flask; one:observed an extremely rapid increase of’

the content: of-peroxide. ~ This:amounted to~~ 350 mg in .30 days.:
‘The’sddition of inhibitors again almost completely suppressed:the

1.

BRI




oxidetion effect; fhis was seen from the fasct that parallel semples .

to which an inhibitcr hag boen added only geve-en increase of 40 mg .
0./14itru vrter having been exposed to daeylight for 30 days. - In

tHese oxperiments tho increese in peroxide wus egaln accompeanied

b herees the resin content

Storage Stability of |
. fuels ™~ :

»

A npmber*of-leaded'and unleaded foels wer ad. 1o Lhe Lest
station of the air force at Travemiinde se was, on ‘the .
one hand to check the practical storiug y of these fuels,
and.on the other to find out:the relatlon between the practical
storage stabllitf and the behaviour in the agelng bomb

‘ The following gaspllne groups were employed in the experiments.

21, Aviatlon fuels: ‘ ‘
2. gatel{tlc eracked gaoollne oure end in mlxture with aviation
: enzo —
,3,,gzechlav1atlon PuSOllnG pure end in mixture with av1etion
.. benzel. .

4. Leuna automotlve gueolxne in mixture w1th -automotive benzol;
.. lead tretrdethyl anu iron carbonyl.

The standard %0 lltre oontalners which had been used geveral
times prev1ously were employed for the’ storage at the test-station.
___These containers consist of. sheet iron without' n interior protective
paint and are provided with én. attachment.pipe for ventilation. ‘At
the end 8f this pipe there is a pot.filled with silicic acid gel. —
This is inserted for the purpose of ‘drying the.uir which is drawn
into the contalner when’ the tcmperatur\ 0801llu¢es. I s

" The storage time extended over a period of two years. The .
_gasolines were ¢ompletely anelysed: at the start of the storage after
one and after two years! 'storage. I n the intermediate periecéds, —
short determinations were made to check those most.important proper-»

‘Whichrare decisive for their later-use;-thsse include the ..
octane number, the lead content and evaporation residue.-. Only these
properties were included in-the rating of the storage stability.

We did not consider any changes involving the specific_ grav1ty, the--
refraction, the boiling characteristics etc. for the purpose of =
.rating the storage stability: changes in these cuantlties are solely.
due ‘to the evaporatlon of low b0111ng components.

: The resulto of the storage may. be stated thus: = Favorable
storege ‘characteristics ére. shown by all unleaded fuels and leaded
fuels with 1ow content. of aromatics. . Highly aromatic leaded fuels.
must . be considered to be unstable; one could not however observe any”

'.fﬂdeﬁlnite relatlion between ¢ proportlon of aromatic: substances end

the-egeing. tendency.-  Thsre is no -Goubt that the lead tetraethyl

.content has a decldlng influence. on the stablility. It appears

" thet . fuels with 2 high content of leed tetraethyl have 'a lower storage'

stabllity then those w1th 1little lead tetraethyl. !

‘

. Before storlng, the thels were subgeoted ‘to g stabillty-test o
in the bomb in order:to ascert&ain the. relation betweon the behaviour
~in the bomb and pructical storage stabilit : -

M'«.

The following ploture resultéﬂ when the practlcal S orage .
stabllity wa s compared with. the ageing -in the bomb: . '0f 16 fuels:
under - oconsiderdation a cleer: correspondence. between bomb test and .
practical storlng could bechse ved in only 3 cases.v I the other




las.

[ ting sceording to the stability test.was considerably
‘igggsfagggdgie tgaﬁ it turﬁed out to be under Practica; stgrgge
on ns ‘In. one_caose e I A D

- whereas actuslly there wes.a considerable increusg of the resin
content snd turbidity-dug to preeipitation of lead. Jgdging ]
on the-basis of the available investigational metericl it would
not seem Lo be expedient to rate- the storage stability of fgels
according to the present egeing test. ) . '

-~ We ihtend to undertake the pressnt sgeing pést also for
further storage samplcs so &s to be able to arrive at more . .
definite conclusions with the &id of extendeq~echrimental:data"

' ~ = Inhibitors

By Dr. . Ing. I. Morsghen DVL, Bﬁyliﬁ Aﬁlershof_

. Tn general the oxidution of fuels by air is accelerated in
- the presence of T.®.L., the T.E.L. docompdsing at the séme time.
This accelesration of the oxidation is strongly dependent on' the
type of fuel; this forces one to-the conclusion that the oxidation :
s reciprocal. ” N . R LT . - .
. The mechenism of. the oxjdation is not understood in its
details. It was however possible to eluneidute it in part, On
the basis of the investigetions some fuels or groups of fuels -
were proposed by the.DVL in the winter of 1940 &s being specially
suitable as inhibitors for leuded Ffuels. The leaded fuels to
-which' thege substences lad:besn added give very--good results for
the stabdility test in the béomb; this may- be seen with the aid of
the»tablg, s i R e LT

Tabl e." .

Effoct of inhibitors

o _ - ‘ i
Content. Age of Appearsnce

Addition

Resin content

- of 7 1. I+ leaded of leaded

by _vol.%. fuel

-.days
.0.,1190 0
0.1170. 7 .9

fuel

__clear
slight
turbidity

. of decomd.. .

T »::i.‘n'-. L

1 0.0040 .

"Vol. % - me/100 R

-DVL,_ " conven.
.. treatment

total

decomposed
T.E.L.val.%

- 19.2  47.4 .
2.3 8.3

uIter;ageing in the bab

0.0630

0.0145" .

-

solution
0.0040
Vol.%
L

0.1170 9. Py 0.0055 . 2.7 - 7.2 . . 0.0137

" T t.'should be mentioned in this connection that corbon .

dioxidé is &lgo. suitable for inhibiting the ageing of leaded fuel;:”
" from this point of .view then the lead decomposition is reelly more: .
vigorous in the bomb. ' Not much can be ssid about the corrosion -
behaviour of the inhibitors in question. A laboratory. experiment.
with the-inhibitor most liable.to carrosion gave the following
result: . "A fuel ‘was mixed with' 0.0075 vbl,J% ’

in & bomb under pure nitrogen for four hours-in the presence of "
" strip s of iron, =zinec, aluminium and. electron metal. . All the. ‘
metals,remained“unchgngedvwithlthejexception.of zinc which showed -

.8 decrease of weight of 4.5.mg. - The other inhibitors which had . . -

of inhibitor and left

~—~ e o~ s

bl b o 1



I8 . . .
been preposed by the DVL should behave much more favorably. . The

U (@) R 3 —t

have just been producéd the quantity averages 0.001 to 0.0054).
‘Since two test stations have carried out experiments with some of
these substances we may perhaps hear reports &bout them from the
stations, . o y
Experience in the Deter- -
mination of fromutPcg end -
the jodine number: :

"

By Dr. H. Velds, Ruhrbenzin 4.-G., Oberhausen—
: Holten. 7 ) .

. I. should like to mention ‘some of our experiences in the :
detormination of aromaties ond the iodine-number as a contribution - |
to the discussion of the test methods. We are here dealing with. . -
a. field which has been tackled by an extreordinarily large number, ° -
of ‘investigators; onc has not however, been able to reach & final' -
conclusion as to the absolute reliability of one or the other )
method. I should therefore like to confine my remarks to-those .

- methods .which ws have used or tested. L

' The determination of aromatics has no significance for our
primary products since these do not contain any aromatic compounds.
We have however come to grips with the estimdtion of aromatics when
we analysed our cracked gasolines and .some other products. - Here
one can differentiate between fuels composed-.of a numher of single.
hydrocarbons and some narrowly cut fractione. If the fractions are. -
very narrowly' cut then one ¢an meke stotements about the proportion
of. aromatics on the basis of physicel date alone including™density,
refraction ete. For fuels these methods of course fail and other
methods have -to be useéd. The sulphuric acid method has not proved
itself. With sulphuric. acid method I mean that method in which the
olefin content is estimated with the aid of 90% sulphuric: acid.and
the olefinic and aromatics content is determined by means of the
Kattwinkel reagent. The Kattwinkel reagent in particular is 111 - -
suited for- estim ting the true proportion of aromatices plus olefins; R
the presence in the fractions of.larger amounts of substances contain- .
ing oxygen mekes further-difficulties: - Consequently we have come to .’
speak, only internally so. far, not-at all about olefines.and aromatics;.
. "we now term the volume diminution as SPL, "solublé in sulp ‘hurile acid;
- .phosp horic acid."™ .. .. _ o e o : ’ B

I should however like to point out that. in speciclly. stored cases

the Kattwinke; resgent has proved itself very well. Above all, .5l
wellvreproduclblebresults are obtainod for all gasolines ‘which contain
. only aliphatic olefines; it is also possible to obtain fairly good

- absolute values if instead of taking the ratio of acid to "product

'as: 3::1 one takes it to be 4:1; otherwise the analysis turns out to

‘b sfinitely too.low if the products  contain & high Qroportion of
gieggﬁtg%-- %f,one is;dealinglwith narrowly cut fractions of-the

" gasolines mentioned ome reaches gonod sgreement with the olefine -

- content Estimated from the iodine number -end. the molecular welghtﬁ,‘_

‘According to our experiences + should propose t0~ungertake_the_joint

'estiﬁhtipn of aromatics and olefines only when one is dealing with
narrowly cut frections; because in theses cases oneé can apply confirmgt—_,
ory physicel methods. - ‘ SR R R T
i L] . .

o




o found .in connection with the iodine
g:hwn that the main difficulty in deter-
n- the fact that there is no sharp
. end-point, ‘the assimilution, of ne continuing 0y 5UDS ) T
‘ Branghed chain olefinos ere particulariy-proné to allow this process,
I refer hore to the work of Grosse-0 etringhaus, Keufmann, Richter
and Koch who, besides many otheras, huve ajscussed and criticised
thoos 1lndino uumher mothariz. : : A

| Similsr conditions
number; it is generelly

{

"It should bo. stated that the srinciples according to which
one should select an iodine number method are as fqllqws:- )
1. The accuracy reqﬁirod' )
2. The experimental difficulty
* .3. The availability of rragonts..,

When stating the recuired accurecy one should always take into

account the type of olefines that is ecknected to be present. I,
for instellce, one investigapes a polymer gasoline, one cannot apply

& method which.is known to lead to substitutions. . If, on the other
hend one is dealing with o gasoline in which there are few branched
chain olefins, as for instance the primary gasoline from thé synthesis _
it is duite permissible to emoloy a method which would under different =
circumstances lead to substitubions. r ,

5 A% to pnint 2. it should bessid that in many cases one is
‘dependent:on-obtalning résults relatively rapidly; one cannot in

" éonsequeénce apply eny method which presupposes that the iodine
numbar reagent should be in-coataet Ffor severazl hours. -

- A genéeral commént on point .3 i$' that, poerticularly to-day,

during the war one should think of the sup>ly position: of reagents.
" One sgould if possible make use of methods which do not consume too

much lodine and iodine compounds ‘especielly if it is a gquestion of
- 82rles investigations involving large cusntities of material.

e

... -Having regard to the above considerations we have had very:
good experience with the following method For primary products
we work accoding to Rosenmund &nd Kuhnhenn; this method has now ——
also been .adopted by the ZB. = For gasolines with chains which &dre not
too ‘much Yranched this methoa . gives a sharp-end-point; it hes the .
additional advantage that the reaction. time is 2 minutes. . The

" experimental side"is ‘also vary simple, for the addition one uses a

-solution-of bromine -inh. pyridine sulphate end one back-titrates with -
arsenlous acid. | Todine is not used at all:in this method. ;

- - We have not ‘yet &dopted one final method for analysin asolines
with qlefings_hav;ng more highly branched chains; all‘zhe %ngwn .
methods of,uetgrmlnlng the i ne -number have  some-defects. We have

- hed. rather good experiences with Keufmann's method.. The iodine .
thioeyanogen number and the iodine number according to Wigs may only ..
be applied to.a limited extent since the addition is freguently still”
incomplete after the time of recction novymelly indicated:: ~The:
‘Hanus-lodine number has not proved itself cither;. .one reason being the
. tendency to substitution; the other resssn is that the.Hanus reagent
is extremely sensitive to extérnal influences e:g. traces of water,
this, it is true, 1is a property which it has in common wit i
“thiocyanogen., ' . S ) ’ L e

- . one of oufi1aboiato_iQS‘is;nhgzefofe occupied at ﬁﬁé\present
time in working.out yet - cnother-iddine number method which:should -
. also, be suitable for mors highly branched chein - gasolines.

5 " We have so far also &pn lied the Rosenmund and Kuhnhenn .or
'Kaufmann method to lubricants,-~uWe;are not- however quite certain yet




-

whether the values obtained'are auite accurate.

" So fér my remarks hove only dealt with gesolines with mesn or
‘high iodine nﬂmbeis. If one has to dotormine the olefinic content

. of aviation oils i.e. products which have sn iodine number in t?e
--neighbourhood of 5, it is in my opinion advisable to select one's
method according to considerations different from those mentioned
above. - The accurdey need not-be greator then about 4 lodine number
units in most cases., Substitution thorefore no longer nlays as
important a part as before and the experimental difficulties now
become the main consideration. In view of the present knowledge
-gained from our investigstions I propose in this case ‘also to use
"the method of Rosenmund and Kuhnhenn which has already been prescribed -
by .the ZB,. This method has the advantage of involving only easy
experimentation end of requiring a.reaction time of only a few,
minutes. = In order to obtsin a final clerification one might carry
out an experiment in which a smell number of fuels would be tested
at various test station.
-0 n the Determination of
aromatics according to the

design regulations for
aero-engines BVM 1940.

» By .. -
Pr. Mayer-Bugstr$m (DVL, Berlin
SR A ) Aldershof) P

. Following a suggestion of the DVL.directions for the determinations
-of ‘aromatics and unsaturated compounds were included in- the design

regulations. ; u ‘ .

Former method of the DVL (Riesenfeold end Bandte) :

Shaking vessel ”
Acid . .
Fuel

Limit

: Eggertz-tubes 50.¢ce capaecity
: ea. &8 cc monohydrate .
RS - R

. Vol.h - :

¢

" Present_method BVM L

Shaking vessel P henolanslyssr according .to Kattwinkel .
- Aeid . - 50 cc Kattwinkel secid - - .
Fuel = i 1506

Limit _ " per cent by Wéight

i

The present method was introduced in analogy to the Dutch stendard’
?gf§qd of ansalysis of Shellﬂ‘ This: presceribes:
NEXING vessel. 1 graduated separutine )
Aeid-. <~ - - T95ce Qavfsufphﬁgfgéhéﬁgé?%p;

~Fusd’ . % 1 BbBee 7 ‘
Limit - " Per cent by weight S

: : : e T ,
" The readons for altering the methods used, so ra} were these:

1. Insufficient Féproducibility which is due to'the variable. .

composition”of the monohydrate. The vari-us deliveries of the =~ .

monohydrate elreedy vary by several tenths of & per cent on delivery; -

during use the HpSO0, content still . further decreases. on account of

.. water-being teken up; in practice it is working with an . acid whose
;~proportion of HpS04 varies bitwsen 99 and 100%. - The results there~' =
-fore become significent only when  the HyS0, content of the acid has been

- stated. = Variations of tenths Of a per“cent already play a large

. part. for the .proportion of arometies. The -agreement with the results

-, Of other-test-stands was bad, elso on ‘account of the low reproducibility.

R




L
- 27 -
.

2. Lt was dosirsble to stobte ths value of aromatics plus unsaturated
compounds in per cent by weight, in analogy to statements on
naphthenes. Thus one wes left with & larger residue of fuel for

the determination of the specific gravity; this residue is often . ...
very small ( in the case of highly aromstic substances) end also has
to be used for the determination of the aniline point.

3., One used to meke but one extreetivn. For highly aromatic sub-
gtences it is noecessary to meke two extractions. This is more
easily carried out -in the phenol analiysz since thbre i1s dlways
‘some loss when one makes transferences rrom or to Eggzrtz tubes.

4, A larger excess of acid méy be employed in‘the phenol\analyéér;
ghii also seems advantage ous for the .analysls of highly aromatic
uel. C . S ..

.

. .

. Table 1 gives a comparison of the two methods for 5 gasolines,

. at’ first without transforming into per cent by weight. . lt'is
‘epparent that the values obtained after both the first and the

. second extraction are highér in-the case of the sécond method.

., . VWhen one carries out the transformation into ver cent by
weight one finds &« further increase for the new as compared to the.
gldtmgzhog. {(Teble2) The reproducibility is good as is also shown
y table 2. . ‘ e e o . o

Toble 1.

‘

Typed on the pext page. .
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On the Determination
of aromatics and ol3finsg
-in _gosolines acecording. 1o

© ¥he design regulstions 1949,

By

Dr. W. Hirechherger, T.¢. Farbenindustrie
A.-G, Ludwigshafen Ralus.,

C High Pragsurs oxuscimenss.

’

‘The ‘official method prescribed in the design regulations 1940 _ -
that of Kattwinkel. .This consists of measuring the decrease
volume of the initial gasoline; the sum of aromatics and unsat-

urated hydrocarbons is then found after extraction with Kattwinkel
.acid lcone. H,50, with nhosphorus pentoxide}. One can calculate
the propo rtidn Of the arometics by themselves by first estimating
the unsaturated compounds by extraction with 90% HpSO, and sthen -
sub trating that pert from the total sum. .o ’ ' o

The result obtained from & large number of investigations has
~shown that the olefin values as determined by the prescribed working
method lie far above whit is posgible and for above the values as
determined by other methods-(e.g” the iodinemMethod;)they also vary
to a large extent. . o i ' R '
. - Ezample 1. The followling values were found for the sample
'in one ring experiments at six different test stations: 3.5; 5.0;
11.8; 3.4; 19.3; 16 per cent olefin, - o

Ezxample 2. - According to this method the following olefin :
-whmswg&fmmdnlMﬁﬁnfg@erhmwjmmls@mw&:'W““W”

CMixtore 80 % aromatics + 20% normal gesoline 14.5 Vol.% Olefin
» 50% " + 50% . "o, RO T . - - g
L . 20% . [ + 80’/0 L " n 4 " ; o

y.e. plmost 204 of these aromatics were. esgbimated as olefing. These,

“examplés should suffice to demonstrabe that this workKing-method is '~
avite inedequate for the estimation of clefins. In: consequence the
value: of . aromatics, calculated by & dirference 1s algo affected by
these errongous results. One can thus only-consider the sum of . :
aromatics and olefins in the -assessment. of the Kattwinkel--method. ‘

‘At this stage it should be pointed out that-in-the design instructions
several factors whose laige effect is well known ‘have not been flxed
in detail. Thus only very generasl indiciations are glven for example,-
for the temperature regulation during the process and the time and :
-intensi-ty—of-shalking.—-Furthermore the following sentence:= nTf the
diminutipn in v olume is more than 10 in 100 one has to run. off  the
acid, ‘add fresh ecid amnd shake again" ~may bé interpreted in various-

- ways depending on' whether diminution in volume denotes the contraction’
or the “shaking up of the aronatics by the acid. Another defect of i
the method is due to the -small quuantity of gaécline.thatfis involved:
smell errors in the rendings end-the adhesion of drops to'‘the walls:’
of the vesselmy cause quite considerable. errors. o

: . y . N T T !
Under these. circumstances one .cennot ‘expect satisfactory...

. agreement “among the analyses carricd out ab.the various experimental .
stations.. . As a matter of fact: the following values of ardomatics - .
plus olefines were obtained with 3. samples of gaspline at' 6 different ™
experimentel  stations: -~ R - ) : e ERER




mex. Difrerence

- 17; 12.5; 21.6; 15 5. 185 1357
61; 60; 65.6; 66 65 61;
"B0; 375 44y 435 435 36;
S Deviations are higher for lovcr Foucentratlons of aromatics
than for higher concentratlon° -
It seems. qulte plau51b1e that if one sets .out very uetalled

working directions one should be able to obtain =a considerably
better agreement among "the results. .

" Even then it is still ouestlonable whether ‘and in how far the *
reproducible values found in this way correspond to the actual
proportlon of aromatlcs._ .

e " In . the basis of the avallable data one can say that the
values glven by the Kdttynnkel » method are too hlgh. .

5 mlxtures of olefin free aromatics and normal gasollne were
analysed the results were as follows ; .

When 80% aromatlcs were used 81% were found
’ " 50% ) R 58, 2% " T
" 20/, " o " 23, 5./0 " "

. Even larger dlfferonces ‘were found for other samples with a
known content of ardm¢t1cs and _Other re 1dunl gasollnes.

‘For 35% aromatlcs + unsat.—compounds 47% were found
1t 45% | " + 50 % " .on
" p4% ! " . n i 67/a " "’

Further evidence which 1nd1cates that the Kattwinkel reaction .
csnnot be .an exact separation method is given by the fact that
continually new quantities of gesoline. are: dissolved by the: T
sulphurchaCLd after repeated extractlons..- e

- Thus in the dase. of one gasoline.a first treatment with '
Kattwinkel acid dissolved 51%, a second treatment _dissolved- 53/ and
enother b were dissolved the third tlme. o o -
N .
Summaris1ng one may say o

l) That  form of “the Kottw;nkel method which is lala down in the

design instructions does not satisfy the requirements which

& technicel method of analyels should satisfy .

It remains to be ascertnlned whether by laying down & detailed
working process ome can reach results which both agree among
.themselves and are reproducible -

) Further it remains to. be .seen whether the devietions from the
theoretlcal value are w1th1n perm1351b1e 11m1ts.

RPN




The Determination of the. -
sromatic content of :

gagolines according to the
eniline-point method.

Dr. W. Hirschberger, I.G.-Farbenindustrie,
Ludwigshafen/Rhine.

[ L
High Preszure Experiments -

. Lo ‘ ]
: " The method of calculating the arcmatic. content from the -
‘depression of the aniline ‘point has been known for e }ong time

but not very widely. . This method is particulerly suitaole for
application -to technidel-purposes; it-has-therefore becn used by
-us for several y irs. _ We have investigated it and worked it out
first with regary to applying it to those types of gasoline which

are. to-day accrueing from our- lerge s¢ale hydrogenation works

i.e. gasolines boling between the limits of about 40 -165°C and
containing -20-50% of components bolling up to 100°C. It has yet .
to be investigated how for the—relutidas-found:between the depression -
of the aniline point and.the content of arometics may be applied to
gasolines:boiling in a different range and to frauctions, .

For our experiments we employed mixtures of pure single .
‘aromatics in proportions similar to those met with in large scale
_production (CVgl, VT 706b, DHD),; é.g8..20% pure benzehp 41% Toluene
27% Xylene .54 ethyl benzene and 9% of highexr aromatics. Increasing
* ‘proportions of thess arometic mixtures weré added to various residual
.- gasolines; the latbter had in'-etch cuse been freed of aromatics and
olefins by sharp refiring,with sulphuric acid. The eniline points
of these mixtures were measured. - Subsequently the eniline point .IT
was medsured for &ll the mixtures {i.,e, the anilihée point after the
-aromaticg-and—unsaturated compounds hed-been-removed). ——If-onemnow .. ____
plots the differences of A.P.I. and A.FP. IT zgainst the known content -
. of aromatics one obtains a slightly bent. curve.: (compqre curve-~
,.sheet I). Expressed differently that means that one has to assume -
& variable. and not a constant factor in the relation between ‘the
--depression-of . the:aniline point.and: the ‘content of -aromatics. - For
depression of lo? the factor is ‘about 1,2, for 50° it is about 1.0
and for'709 it is about 0.9. Thus. each dépression of the A.P.
corresponds to a definite content of aromatics; this is independent
of the absoliute position of the aniline point i.e. independent “of
the chemical "composition of-the residual ‘gasoline. o

- . When gasolines with.a high proportion of aromatics were
Anvestigeted (50% and more) it beceaine necessary to determine the
~‘aniline point in mixture with normal gasoline. - This is necessary
. because.the normal eniline points lie below 09C(melting point of’
-eniline = - 6°C). " In the course of this it appeared that the :
anlline_pg;ntycalculﬁted from .thd nixture with. Kshlbaum gasoline
;- .was ‘several: degrees higher (up to sboyt 7) than the point measured
-directly-é.g.:- . S e - ST el :

S S ' . - A.P.T"  cale. from mixg.:
T R % . _d}"rept o

1. _‘50% by wt. of aromatics A‘."P.;13.==6J'.'.5>°: “U11.6 - 4la.z
‘zosop ol e ] APLIL=57.5: R A 4119
5. 505 Mo A'.}_P.ll*52.'5" ".+ -;_},3._.0» : o+ 7.9; |
A4S M AP lears - 23 4 2.4

1




This is ‘due to the fact that the aniline point of mixtures
does not follow the law of mixtures.

If one has.to calculdte “the A.P.I from the mixture with
Kahlbaum gasoline then it is not possible to express uniformly
© the relation between the depress1on43f the aniline point and the
~aromatic content by meeans of a curve; the aniline point I celeulated
- from the mixture with Kehlboum-gasoline d¢iffers from the actual ’
'value (does not obey the law 'of mixtures); the extent of this
deviation furthermore depends on’ths composition of the residual
gagoline, We used one and the same mixture of aromatiocs for
four différent residual gasolineg. With the aid of thess we
empirically determined the relation between,the calculoted aniline
points and the theoretical aromatic :.content; this relation was
exprgssed by meens of ‘& curve ( see curve sheet 2).

For thls purpose it would however also" be p0551b1e to use ‘a
working method which would meke it possible to apply the generally
. valid relation (found above) between the depression of the aniline .
--point-and the content of aromatics, this could be done if one uses-
‘a mixture with gasoline free from aromatics (e.g. normal gasoline)
in the ratio by wt. of 1:1 both for the determination of the A.P.T
“‘and of the A.P.II. The aromgtic content of the Zasoline under
investigation is then given by multiplying by two the aromatic
content determined from the dewression of the aniline point..

The following may De presented as an. example of the agreement'
among the results of the three, different methods. sé mixture
_»con81sting of 6054 pure sromatic mixture and %9.5% by wt. of a
residual gasoline of A Py 62.20 was analysed according to the three .
‘#-methods; the re°ults were s follows

a)  aceording to first working. method

A.P. I: measured. directiy o .=-2,70°

A.P.IT R ' =+ 62,89

Depréssion of A.P. <. 64.9 which
corresponds 60 Sf bx wt of aromatics as read off from curveI.

According to - second working method
A.P. calculated from mixture -1:1 vols. with
normal gasoline
AP L1L o ..
‘According .to curve sheet 1l a calculateu A P 1. 3
© with an 4.P, 11 = 62. 20 corresponds to an aromatic content
“‘of 80 7% by wt. . - R
_According to third working method : .
Samp le + normal gasoline (1: 1 by wt ) gives ‘ 52,79
59.9
DEDression of A P., Lo '}» : o 27.2

. When read off on “curve sheet I thi oorresponas to .an aromatic o
. content of 20. zﬁ by wt. multlplieu by ‘2 = 80.4% by wt.

: Apart. from mixtures of synthetic aromatics which have'an -
‘essentielly different composition, mixtures of aromatics which had
been extracted from CVzb were-used w1th good success.' :

. i
kS
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Exemple:.

Composition ' ‘ . Aronmetics
of mixture , . o S
' 154 Benzehe+ . 31% sromutics
Toluene '+20% Xylene .extracted
+°86.5%. athyl benzene . from CVgb =~
+_25.5> higher ones - o

- ' / . '
found. a¢ooré= Deviations found - . Devtns
ing %o £.2. from according from
method. . theoret. to A.P, theoret.

— value - method. value.

o

-0.2"

-0.5

-0.6 _
-0.8 L - -
20,9 e 29,57 20,5
-0.8" . 29,5  -0.5
-0.7 ©. 49,2 -0.8
-1.0 . 59.5 . -0.5

+ 955 res.gus.
20 /Q " ou
" oo?
"
"
"
e
"
"

"
)
"

it

"
"
RS

PO A
QU IO N 1
©DDOOX 0> OMm
I atbatindusbod ol
CamHPs g

From our extractions of aromatics we khbw‘that ﬁhe'specific,
gravity of the mixture of pure aromatics extracted from high power
gasolings 180.872 at 159 with only very small deviations. S

One cen thus trensform the sromatic contents obtained in-per
cent by wt. eccording to the 4.P. method into per cent by vol. by
the use of the following formula: T ’

o ] : ‘ per cent by wt X sp. gr. of gesln.
per cent of aromatics by vol. = B : ) : :

. Effcct of olefins on the determination
or ercmatics asccording to the aniline
‘point method. ; i : :

s One had to find out first of all ‘and quite generally whether,
dn the ocaoc of aromatic gasolines containing unsat. comp . the
aromatlic content determined by the depression of the aniline point
includes unsaturated compounds, and if so, to vhat extent. . =
Representatives of the two main-types, aliphatic and nephthenic L
ungaturated compounds, were investigated viz, octylene and cyclohex-
ane. : . o : T
An ‘aromatic gasoline hes an A.P. = +4,40 . S '
The same gas. +. 54 cyclohexane has A.P. “+3.09 difference -1.4
w. " v+ 5% octylene S +6.0° " +1.6
" " M. +.5% decylene . 0w ow "+7,50 - w w31
"o Moo+ 8b (cyclohexane + octy- ~ T
'" lene + decylene IR
2 1:1). i +4.,380 LA ¥ + D B

. of cyclohexane = ca.ﬁ,lgb;wqégyleﬁé = ;334,503J L
- decylene = +.49.9), . T S

v




Tn order to estimate Ghe aromatic content of oleTimic
" gaeolines according to the theé aniline point method one has to
eiiminate the olefin8... It appesrs that 80j sulphuric acid
accomplishes this satisfactorily if one is deallng with low
concentrations of olefins (up to about 5%). One measures the
eailine point (called A.P.la) of this pre-treated gesoline. '
This eniline point serves as the basis from which one-deterxzines:
the.aromatic content according to curve sheet I onglI. The
aromatic content found in this wiy refers to the olefin-free
gesoline and has therefore to ve corrected Tor the original
gasoline, The ebove teble shows that one cannot druw any
conclusions ebout the olefinic content of the gesoline from
the difference between A.P.I. and A.P.Ia. The olefinic content
has to be estimated separately. ' ’

The roilowihg table which refers to synthetic mixtures
.sggwgég?:-ggfectfof the’gresence of unsatuigted compounds on
‘ nation of aromatics by comparin i : ed
with A.P.XI. snd A.P.Ta: ¥ _‘mp’r & reﬁu}ts thained

Com;ositionfbx wh.5 A?-I-,._ ' II % aromatics % aromatics

- 'from AP<II- from(AP.II-
B . - . AP.I AP.Ia) (100 .
o e o Olefin)

. : T . ohserv- Devis obgerv- Devts.—
Tes. olefin : o ed from_ ‘ed giams
8S. _ . s theo®et, ' Theo-
o . -7 velue ¢ ‘Tet,
e Coo : - _ yelue
3 cyel--2.4. 2.8  56.4 52.9 + 2, ' 1
N 2 . 9 2.9 49.9.r 0.1
anes——

5. " 0.6 "2.2° 56.0
10 v B 2.7 55.6 6.5+ 8.5 50.4 -0.4

54.0 + 4,0  49.9 -0.1 -

'S Oct- . Che . -
© v ylene 6,7 5.7 .'58.8 51.5 + 1.5 - 49.7 «0.3

5(oycle-5.2 4.1 58,5 52.4+ 2.4 ,780.3+0.3

B T PP

“".In this way we believe to haeve shown that if one aiopts the working
‘of the eniline method ss described .above one can obtain practically
.useful results in the analysis of technical gasolines, subject only - -
.« to the reseérvations mentioned ebove." K C o - L g :
SRR . S & L .l ,-‘" L
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Cirve Shect I
r Relation between the degression of tho aniline - goint ond the

aromatic content of gasolines when the A.P.I. is meesured directly
net—in—mixture_mzth.noxmn1 gusoline)

Ordinate: Percentage by wt. of arovatics
Abapissas Depression of the onlllnu point

Relntion bebvecn. “nlllnu_;OJul I «né aromatic countent or .
gdaolines &s-a function o i: nitine ceoint II when the A, BT
of the geusoline ic celeulated from the A.P, of the mixture of the
gasollne vith normsl gasoline (1:1 by vol. )

Ordinate! Parcentnge by wt. of & romatics
Ab501ssa Aniline point culc. Tfrom the mlxture with normal

gasoline }:1. Dby vol. .

FKFS. < Rupid Method for the Deberminetion
of the.leed conten of 1ero?Eng1ne fusls.

By
Dr. Ing. O wlumeier, Ffbs Stuttgurt-
ﬁnterturkheim.

I

There ‘are & number of well-knovn methoGs for ooterminlng the

“1eed content . in fuels e.g. the chromate method of Cslingsert -

precipitation with bromine &5 PbBr and detcrnmination us P bCr04 H
the PbSO4 method of W.Ulrich, the ﬁCl méthod of Celingaert and

of: giving vaelues whlch are not vell reproducible or thoy require

<much time.

= The FKFS which had been. developed some time ago is ba=ed on

iodometric analysis; lerd totraethyl being trsncformed into leud
tri ethyl ioaiae end ethyl iodide.

s Pb(CzH5)4 v 2 I="rb (Cgﬂs)é I+ 02}15 I..

VOther lead eomnound° require no or very little iodiné.  The

hexaethylaiolumbune of whieh. theve are -seyeral tenths of & per

. eent needs only half the ioaile for euch l@ad atom., ‘The- folloming
.reuction oceurs: - . . } : o

Pba(CaHs)e +_ 21= 2Pb (02}15)5 1 | S S :

: compounas.

Therefore the' leaa tetraethyl content Tounq in the gravimetric

*.method -1s 0.2 to 0.5% higher than that found in the iodometric

method if the basic gasoline does not coubine with jodine7

S We ntartedby using an agueous. s tio ,,/ '
two, APl o ctony 24 clution Here we encounteredv

1. The aoueous ioaiaa solution attucknc the un=aturateu

2 The reactlon is light --=ens1tive.

el

L We therefore tried to seoarate the unsaturacéd com ounds or.to’
“saturate them_mith_adnihions_such_aa_ac . cid_and

‘Cambrill "end others.  All thess methos have either the disrdvantege S

L

1trichloro acetie acia+_. The e hyorocarhons could be Qegamted with




- =37~
diméthyl sulfate. The use of dimethyl sulfate was however
dingntinued because of the poisonous nature of the substance.

Up to & certain ecuilibrium state one cen carry out the saturation

“with.tricdhloroacetic. acid; this-reaction, however, ‘is not quantiba
: hE*Iead'tetraethyt4ts—a£sofattaoked—iﬁ—the~re:‘ on.ls

ed for a longer time. When the directions for the analysis

jetly adhered to one could carry out the lead determination

n accuracy of 5 to 10%.

We. carried out thorcugh experihents with organle: golvents,

Thess have chown that in the,firsti™ instance.a solution of i¢dine
is.éethyl alcohol reacts with the lead fetracthyl; only in t .
presence of larger aquaniitiew or areted compounds. 158
iodine added to the basic guscline possibility of +hi
prastically non-existent in ke ouie ui aviation fuels. e
maximum error amcunts to 3 to 4, this is not significeni or

. & rapid method such as the FKFS . . B

The FKFS rapid method hes been tesiqd for several fuels, the
following among others:- - s . . : ' .

1) VP 702 - ; : E
4 .1 A viation® fuels
' o

3) VI 802
4) VHT 302 o000
5) 80 Vol.% VT 810+20 VHT 302) ‘
- 6)Leuna-Benzin - . i
7} Fischer-Tropsch-Benzin ) ~ motor-car fiugls

Zi VT 707

".In the case of fﬁels No. 1 to Swe aré exclhsively dealing with
ayiation fuels; fuels 6 and 7 are motor-car fuels.

The fuels mentioned above were first treated with an alcohollc
solution of iodine., - This was done in order to.ascertain the
+ guantity of iodine taken up simultaneously with the errorrange
present from the stert. Various amounts of lead tetraethyl were
then added to the fuels. On the basis of experiemce the,following. -
directions were worked out for the determination of lead in .aero- .
engine fuels:- . ; ’ ‘ .

: 25 cc.of the fugl %o be investiagted are shaken with 5 cc
“of ann/0.solution of -iodine in-ethyl alcohol-in a 100..¢c..iodine . .. ..
number..,» flask; the shaking is carried on for from 5/to‘10’mins/-5
mins. for fuels with low lead content, 10-mins for fuels with
. "high lead content). The -excess iodine is back titrated-with an
" 'n/10 soilution of sodium thiosulfate.  The lodine solution is .
. preparéed by shaking 12.7 gum of -iodine "pro analysi" with 1 litre .-
) of 98% ¢thyl alcohol for about half an hour; the potassium iodide
~  which has not gone into solution is left as & deposit on .the bottom,

S Tﬁé'ddant{ty‘of*nfiﬂfainoholit“iddinefsoiﬂ%ien&thatahaﬁ_haﬁnf_%Aa_2;;
uded up is multiplieéd by 0.0391 to give the content of lead tetra- . = | FH
ethyl in per cent by volume. ‘ Y ; Sy 2

- .~ The basic fuels were treéted aEcording‘to the gifen' e T

. directions for lead determinations in order to ‘test their sensitivity:

to lodine. . b Ll R S S
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Table 1

“n basic fuels and the.value of the
ent calculated therefrom.” ;

Quoking hhwe: 5 onin ‘ 10 mwin 5 min 10 miz

Tuzi . o - Qunsumption of %/10 Content of lend
. Co - wleonolic solution - tetraethyl(volmne
L ez 0L dodine {ce) . per cent).

' -

Vi 702 -0 .0 . o . 0
VT 70 7 0.02 0.025° 0.0008. - .0.:001 .
v 810 0.02 ‘0.02 0.0008 .0.0008
VAT 202 S0 o - 0. 0 :
; 80 vH VT 810 + ) :
20 vH VHT 302 0.03 0.04 . = 0.0012 0.0016
.‘Leuna-Benzin .0 0. : 0 0 )
Fischer-Tropsch : . : -
Benzin 0.026 " 0.04 0.001 ©'0.0016

It may be seen from table 1 that the consumption Bfiodine

. corresponding to the Yerious fuels 1ies betwedn .0iundd@.0 4 cc; ’
70.04 cc of an n/l0 sclution of:iodine here corresponds to 0.0016H
by-vol., .-~Thus the assimilation of iodine is relatively low and
consequently gives rise only to a small .error. ) :

' . Table 2 o

.ead vslues found when the theoretical value

wasAO 0 BL6 per cent by volume. . :

- Sheking time: 5min 10 min 5min -, 10 min

Fuel © . consumption of B/10 - Content of lead
R “““alcoholie solution © tetraethyl(voluns
of iodine (ce) : per cent} .

VT 702 : . 0.835 0.835 . ) 0.0326 - 0.0326
- yT 707 . 0.83 - ... 0,835 0.0325 0.0325
AT 80T . e 0084 ~.0,85 . 0.0328 - 0.0332
VHT 302 A 0.83 - . 0.835 0 0.0325 0.0326
80 vH VI 810 +: 1 S ‘ - '
... 20 vH VHT 302 0.80 ) 0.81. . .0.03153 0.0317,
L euma-Benzin 7T 0.83 T © 0783 +--0.0325 0.0328"
Fischer-Tropsch= . ) L ST e
Benzin - .. 0.835 .0.84. . 0.0326 . - 0.0528

'

oy

Table £ contains the lead velues of fuels, obtcined by, the
* 'FKFS method, the theoretical value being 0.0526 per cent by
volume of lead. tetraethyl.. The lowest observed value was:
0.0313 'per cent by vol:,the highest wes 0.0332 per cent by :
‘volume.- B sl R T S v
. ,S‘Lead;was,added‘toltﬂe seven basic fuels to glve a total
6f 07:1306% by vol.:' The observed lead numbers may be seen from .
table 3. The: lowest lead value!found wes'0.1275 and _the highest .

= N T

‘was 0.1302%. by vol. -




. The FKFS msthod is very simple it may be carried out
raplidly and if possesses all the adventages of & volumetric
ahalysis . _ There is no filtration, glowing, waighing end one
opviates working with bromine, nitric ancid and sulphuric acid.
The Tollowing equipment is Meeded:

1 Miscroburette, 1 plpette
.3 flasks, 1 measuring cylinder
71 ibdine number flask .

Observed lehd valuss when tho theoretical’
content.was 0.1306 nher cent by
volume. ' . ’ )

Shaking time: | 5 min - " 10min Smin . ¥0. min

Fuel - Cénsumption of B/10 ‘Content-of lead tetre-
: : alcoholic iodine - - - ethyl{vobume per cent)
golution. : S ‘

et A St e N O Tn TR O

vr 702 3.26 : 0.1275 0.1302
VT 707 - S B.e8 L .0.1882 . 0.1290, - °
VT 810 . . 5,285 .32 0.1284 " 0.1298 : ‘ o
VAT ,302 . 3.32 . 0,1298 0.1302 S

80 vH VT 810 + g : : ‘ — S SRR é
.7 20-vH VHT 32 - 3.8 B “0.1290 .© 0.1298 : ‘
Leuna-Benzin ' . 3.29 : © .0.1287 - .0.1298 -
-Fischer-Tropsch- : o oo '
Benzin : 2.28 ‘ 0.1282 0.1302"

The time required is 15 mins. at the meximum. This time mey i
be shortened considerably. if one hes a suitabtle shaking machine :
and if there is a large number of fusls for which.lead determin- : ’ : ‘]
ations have to be made. Working with . the FKFS method one can - {
- easily carry out a lead estimation for 6 fuels in the course of
4 hour. . . : : N
. The iodine Tepid method leads to -difficulties if _the fuels.
to be enalysed contain large guantities of umsatureted compounds
end peroxides. R : : T . e R
© . This led to the development of another.method by mesns of
which the lead content of all fuels could be dbermined with the

highest aceurecy. . ‘ N . : N

S, . Drichloroscetic zeid, which had:dready been used for the
saturation of the gasoline hydrocarboms, is,;under certain -
conditions, capable of quantitatively eliminating the lead ' .
tetraethyl from the gasoline in the course of 2 ninutes. Depending
on’ tha temperature 2,3, or 4.sthyl groups are probably displaced :

.- by the trichlorecetic weidy¥ . . Probebly we are dgaling with' -

- lead trichloracetate.({tetravatent leed) when-we are making the : :
lead determination.  Further.investigations are on foot, inta - .. o ; 5y
the. composition of the several lead compounds. . The lead contalned’ - K
in-the leed trichloracetate is precipitated ;as-lead chromate:-by )
en-n/10 solution of potassium: dichromate; the excess of potassium’
dichromate is back titrated with sodlum thiosulfate. ' : -

7 -

.. 0n the basis of\the experience gained so far the following
g;rgctions‘wereﬂlaid_1qwn for the quantitative estimation: of lead . ~ ™
‘in fuels. . - : o 2 o B : e

T3



,In a boiling flask provided with a separating funnel- -
(fig: 1) -10 cc of fuel were boiled for 3 minutes under reflux
with, 5 cc of 50%. trichloracetic acid. ) . o

il 4

v

L -p Enmet - Reid. . . -

.The solution of trichloracetic acid is separated with the aid
of the separating funnel which-is proviaéd-on the boiling Fflasgk.

The fuel is then twice washed with 50 cc of 50% Trichloracetic acii.

. The total washing 1iquid is strongly heated for § nins. in a .
. second boiling flask with filter arrangement (fig.l) and boiled
_ down’until white fumes of trichloracetic acid escape. After
addaing 5 cc n/10 .potassium dichromate one neutralizes with an
ammonia‘solution. =~ The precipitate of PbCro4 is then filtered. -
by ‘means of the 1 G 4-¥ilter joined to the boiling flask. . The ™~
‘vpotassium_dichromate'whicnvhad been collected in a suction flask
was back titrated with an n/20 solution of sadium thiosulfate.
. The gquentity used up, in terms of en n/20 solution of potassium
- dichromate gives the lead tetraethyl content in volume per cent,
when multiplied by 0.0324. - L ) )

. . The lead determination takes 30 ming; for the.gasolines )
analysed so' fer the error has been 1 - 24.  In the matter of
. equipment we used the experiences gadned in the DVL method.

Apart’ from the u'suel aviation fuels mainly olefin rich

gasolines and gasolines containing peroxides were enalysed by means :’

of this rapid method. The “two rapid methods mentioned .for the
" ‘determination.of 1léad thus supplement each other very-well,

Whereas the fifét:méthodtis'pértiéulariy suitable,for-ﬁcbi;etih

laboratories - its usefulness during thew~war has already been
proved - the second method’ may be. employed for exact laboratory
analyses. e o : o : St

2 : : S L

In conclusion I should like toipoinﬁfouﬁfﬁhatvDipli Ing:‘groés

has found a:'repid analysis method at -the Institute Kemm. ' Inthis. '

. method.the Pb-.content of fuels may-be determined very rapidly end
. exactly by means of the absorptipn'Offx-rgys.'v : et

.
I,

‘The DVL has received theifollpwing?lafe aiteration from the.
author:: ' T . : o :

The paper is to be altered as-follows from“thefpedultimate(
paregraph p.5: - T h G T

, ‘:Aﬁother\method;Was,thergforé developed which allowed of &n
“accurate'determination of~the'lead—content‘pf:all fuels. ' oo
;. prichlomestic acid, which has already been used.for-the'’
saturation of theugaso;ine.hydrocarbons ig capable of "transforming
the lead tetraethyl quantitatively in the course of two minutes;
this hes been confirmed by: experinents of Owens.Hand, Brown and
HRER AN R T LI A
A similarfdecomposition:ofptheﬁbadqtatraéthyl‘by,sulphur""
‘menochloride had already been ovserved by B. carli, lead (II) -
) phloridg_being‘prodﬁééﬁ*as the\reaction product. .- REEE




A
I'.'I.‘he ﬁVL achleves ¢ quanﬁitative transformation of’
tetraethyl into diethyl lead chloride by the use of

S5u u—fyl—cnmﬁp——‘Phﬁ—lreﬁd—Ls,_m_this.cnﬁﬁ determined
volumetricelly by dithiozones.

A similar process occurs with the trichloacotic 'acid;
ethyl lead chloridé’ compounds ure again formed initially;
lead II chloride is formed eventuslly; the.leed may then be

" estimgted as lead chromate. R

.Onxthé'basis of the experiences gathered -so far the L
following directions have been worked out for making quentitative
lead determinations with t:ichlorgcetic acid: S

: . . Ry ! i
A 30 cc boiling rlask was used to rerlux 10 cc”of fuel
with & 6c of 20 % trichloracetic acid. (fig la) T

Fig. la: Boiling flask for tho'decomposition of leed tetfaethyl.
" i . -

The ‘boiling flask is then irsorted into the ground. in. & "
separating funnel (fig. 2), @ short admission of alr being
allowed through the top of the geparating funnel. " After &’
" short sheking the boiling-flesk is taken off carefully; the
‘solution of lead in trichloracetic-zcid is run ofT end poured
into & wide-necked 100 cc¢ Erlenmeyer oT into a2 beaker. '

" Ohe boiling flask is washed twice; each time with B cc of
20%. trichloacetic acid; the whole of the weshing liculd is .
collected inithé”wide—ndcked 100~ cc Erlenmeyer. or in the beeker.
'Fig;VZa. Separating funnel for the separation of the aqueous
: . lead :solution. : : : -

The liauid is evaporated to éryness; white fumes of trichloracetic
. acid escape in the endy-thess have-to be complebaly;nemoxedu_ﬁln
order to avoid spleshing the Erlenmeyer is held by a clamp and -
_ kept rotating sll. the, time. The trichloracetic acld vapours are
-removed by slight blowing; the temperature must ‘not.be too. nigh
‘onaccount of the decomposition of trichloatetic. acid and the
‘formation. of lead oxide. - In order.to eliminate &ny traces of
trishloracetic acld & few Grops of NHg are added to the residue
- obtained; this is then boiled Tor. a short time with no more than
% cc Hh mcetic’acld and soms sodium acetate.  The lead is then
precipitated. from the solution with 5 cc.ofjan n/20 “solution.
of potassium dichromate. The mixture is boiled up again after
‘the precipitation. e o B By
.7 The 1iquia containing the precipitate of lead chromate
should pe coolad quickly; it should then be filtered through
a sinter glass filter 1 G 4 into a./2sv ce pressure flask. ’ :
Excess potassium dichromete ig then back titrated against n/20
sodium thiosulfete gfter ths-eddition in the pressure flask of
about; 0.. 2g. potassium jodide and 5 cc of amglybically pure i

hydroch;oric asld., T e }

. The volume used up in cc'of the n/zO»éolution of potassium
diehvomate glves the content of lead tetraethyl in volume per
centvgﬁter multiplication with. 0.0824.. : L ot

l

. ..-.. The accuracy
“ seen from table 4.

>f the EKFS;ﬁfichipacetic acid methgd‘may be‘:

" .The fémaindgf ofvthevpépé; is ‘unchanged.
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Discussion of the Papers on the
77th June 1941.

Storage &nd chemical’ characteristics.
e . s . . ' o
To ¥: Pundumental and o . ,
": Chemicgl onaracteristics of the storage properties.

1.

‘It mey be the of the bomb test mey
already be due to ro the test.
Thus two samples of leaded ges0l] filled from one
container into two different flasks gave-quite»different bomb
teosts. Probebly the "breathing" of the two semples is different
in spite of the apparently identical treatment; ‘2nd this may cause
the observed differences. The greatest care must therefore be
paid to the selection, and storage of the samples. .

There are also some morc'favourable-GXperieﬂces’witp g
reproducibllity. The I.G. (Dr. Ester) optains reproducible Co
‘values even for leaded fuels, the maximum time for the ‘evaporation”
being 15 mins. (usually 10-19 ming). CV 2b which hed not been
aged gave the following qusintities of resin: unlecded S to 6 mg,
1leaded (with :0.126 TEL) 9 mg; aged and leaded 50-63 mg according
to the conventional treatment, 13%0 14 .mg according to the DVL

Jrestment. . Wifo (Dr. KiemsStedt) find that the bomb_test is useful
a8 a relative measure but cennot be employed ' to predict the storage
time of a fuel. »It is still en open guestion whether one can use
- tne?dermposition’of,the lead compound as a griterion. It is
‘ impgacticallto store the fuel for one month before carrying out' the
~test. - . N . ‘ S :

. As—regards-the tonditions of the_experiments, it ig requested
_thet these be laid down-accurstely in the BVM. ~ Th# agelng—
‘temperature .and -"time (100°C, 4 hours) generslly give too scvere. .
a rating for fuels with 1 to 5 years. storage time, the opposite has
also Gecurred.  When. cracked fuels were aged the experimental
) conditionS“weremstill too ‘wild for tropical~conditions_gntailing
‘high storage temperatures ené ---times.-- -This point has a practical

significance since one has to considor the Hossibility’ of using -
‘eracked groollles in bropienl . reglons. ‘ ) e

: . _In~order_to keep to the one time of evoporation for higher
boiling fuels too, the I.G. (Dr. Estor) uses an evaporation .
temperature of 1500C. At dther stabions i1t.has been found that
-ghe:t?mperature‘of the boiling water bath is satisfactory. ' The
quentity to be evaporated hes been proposed as 50 cc in order to- |
be able to keep to .one time of evaporation. 1t is also recommended
to use a higher drying temperature viz. 110 c. ) ’

.. One hes to consider the statie of the residue. One has to '

indlcape_whether one-is< dealing with a‘reqinouS‘residue or a residue
with 01}y constitucnts., _ If one can_establish, the condition of
the»r¢§1due guite unambiguously one cquldcpermit a larger amount
of residue than is prescribed by the supply specifications. The -

~ RLM (Dr. Dehmlow) point out that. fuels with achigh residue of an

. oily.neture may be diluted with & fuel of lOW'hQSidue in such a

. menner that the residue of the mixture satisfies: the conditions of
supply. “This is, however, not permissible if the-residue . is a
resin. ' Even among the resins themselves one has - to moke distinctions
between-more or less noxious ones. . Newly formed resins are less
noxious than older ones. ) ' i i SRR S
. 1 ¢




’

The supply speclfications should be as -severe &3 possible.
, Thersfore the RUM cennot permit mitigation of the supply g
ppeciflications. Thig had Heen proposed by one station on the
G, ths albiguity of the results of bomb tests. It is
3 oub that polysulphi@es were very importaat in the prachioslt”
g:.0f cracked gasolines, the Tormer were formed by the
treatment. with a solution of sodium-phumbites During the sLorngé ' .
of, olerinic fuels it became apparent that jead betrasthyl may.
also act.as an inhibitor. _This is quite comprehensible from &
theoritical point-of view since even oxygen may have an inhiviting
action on some substances (e.g. at higher pressures). Carbon
disulphide decomposes. lead compounds even in the dark. The method

of Yule and Wilson cen give n6 more then an indication in the
control of peroxide determinations; the values ovbtained from this
method &re not aceurate. . When fuels are stored in smaller vessels
the results are less fevoreble-than in.larger vessels because of
the relative increase. in the  surface. . small vessels are there-
" foré to’ be preferred when the storage charactegristics are judged.
I7 the storage vessSels are opened frequently one has- to expect .
an increased Tormation of resin. For samples with the same resin
conbent theré is a linear relation between the logarithm of the
time of resin formation and the raciprocal of the temperature..

. There 1s some variation in the composition of the ethyl =
fluid. Newly opened containers 1 fluid should therefore
always he subjected to a lead determination. The question is still
openy whether one.can infor anything as to the TEL content of

the ethyl fluid from the. varying behaviour of leaded gasolines.

An empirical datum was reported from Travemiinde (Dr. Wellner):
Praptica1 difficultieSVWerewalrcady.expefienced in tne Me 109
epgine with a Puel which hed 20 mg resinous residue/: - In Rechlin
60 mg of resin were added without any operatioﬂal trouble . -
ococurring after-a Y hours rTun. . In USA gasolines with 120 mg
of newly formed resin could be psed_without difficulty. : :

The practical evaliation of the resin determinations
is based on empirical data which have been taken from the
carburettor engine -and from unleaded—gasolines. In this . -
connection one still has %0 consider that the unfavorable effect . -
in the inlet system is noticesble only when the temperature there
is above the dew point. .Otherwise resinous components will be
d¥ssolved in the gasoline and thus conme into the combustion L
chamber -and burn. - One has to expect. troubles with resins in the

case of injection operatlon:i-

1) At the injection nozzle {(one would have to find out .
whether. tHe formation of residues is & physical or chemical effect
... 2) At the piston Tings through coking end piston ring ‘

sticking. - ; T _ \ :

It is generally agreed that ‘the quantity of permissible resin
should be restricted to 10 mg.. g+t“is recommended however to

- oarry out--experiments in order %o £ix socurately the limit beyond-:

which the resin contegﬁjmust,ggﬁ_go;in injection operation. =~ -

v




To 111 Practical storege

. judgment_on_tho bymb test by the 1.G. (Dr: Egter)'is
£

rx i
an

not ‘as condemning wug the judgment OLTHT Tocturers
unleadéed gasoline gives & vad bomb test one, can infer that
eharactaristics will be bad; but this inference
w43 Tor highly srometbic fuals. Thus three different
voarometic fuels cliowed no chenge at all afier two
‘The .fucls ware however stored in completely
i not opencd during the storage btime.
Phe’ conaitions way wel pn less favorable in.the cuse of the
fusie vsed 1u rractice since there is much cofitact with tic
gir; above all one hus to egsume. that the fuel is trasforred
about. ten times Yrom vassel to vessel. in 'its course from the
manufecturer to the consumer. C - '

In Rechlin practical prerimeabs/on'injection engines were
carried out with fuels with resin additions up to 40 mg. {Rechlin)
Ko bad effects or deposits have evel boen observed. The resins
that were added, howeVer,_wera‘mrobably not identical with those
formed in the fuel. The eoiubility of resinz in the Tusl is
importent for the practicsl efTrect of large quantities of resin. -

To_IV :Inﬁibitors . ‘ v -

_The significanca of natural inhiocitors is pointed out. .Thus
one. frequently finds 0.01 to 0.08% of phenols or &vel other
inhibitors which. are definitoly "edvantageous. All the seme .’
it-is not enviseged to alter—the supply specifications s0 &S ‘
to admit these inhibitors. Tt might oceur.that the chemical
groups in gquestion include some accelerators as well as inhibitors
Tt is therefore advantageous to use inhibitors of known compos—
ition (Wifo, Drl &iemstedt). -One could slso assume the point
of view -that one should.permit o' comvebition between natural
and added -inhibitors in, such & way that consumers receive Uoth
tynes of Tuel snd then judge for thewselves (Rechlin,. Dr.Wernet) .

. " Phe witar soludility of iuhinitore mush not be too large .-

because the fusels come into. conteact with, large guentities of

. water in practice. A suffieient number-of innibitors is.
available however which are iﬁéoluble'in'wster>(particularly

those inhibipors'containing‘nitrogen) and which also do not

impart .a strong colour. to the. fuel. A coloration could be

permitted by the supply specitications if it can be proved that

the coloration is due to the “inhibitor. !
~ . One should not carry out Qorrosion~experiments.with o
inhipited fuels.on too small & scale! exnariments with small
sheet iron strips give & bad pitture; preferably one should cub ~
the storege cansg open wfter o certain storage period and then
investigate the: cans. | In the ¢ase of mixbures of inhibited.

, fuels one  should excmine the extent to which the inhibitors
influence one snother. ) Co-

. Resolution:

y It 1s proposed to carry out storege experiments with
inhibited fuels for the fllowing purpose:

\
“r

V '

1) To obtein by the addition of inhibitors fuels which ere
RN : B Lo L . o




1

) : )
stable on SLOTAgC.

5) To, find out the effget of the inhibvited fuels on the tenmk.
3),To.find out the relative effect of inhibiﬁgrs on ohe snother.

. !
Travestinde wnd -Rechliun ore +he recoarch statlions. . The
‘highly awromutic fuels undor investigation ara provided with
inhibitors by . the manufacturers thnemselves. - . The amount added )
should not exceea 0.0l (tho cup test must not exceed 10 mg/lOOcc), .
The addition is made 1 to 2.days alter the fuel has been
manufactured: 200 1itres each of inhibited and uninhibited
* fuel are senb to the reseurch station simultancously with 200
litres of uninhibited fuel which are sent to the DVL. All the-
fuel has  to be sent away without having been leaded. Inrormation
on the .cuantity end kind of the inhibitors have to te available to
the-RIM {Dr. Beyer, GL 5 .11) early enough for the RLM to cause
the inhibitor o be ‘chenged, should dirferent menufacturers have
i intended to use the scme inhibitor. The latest aate for the
.dispatch 13 the 5th July 1941. J ’ : :
. . : !

The materisl for the excerimental vessel is: Irom,
galvanized iron, csse hardened "steel &na one matericl which has
yet to be anpounced by the RLIM. - e S

—_

: ‘.Thevfuels &re_ratcd‘by meeng of the norm&lvlaborﬂtory
vmephods'of agalysis. ' ' . :

TO’V Other test-methods

< Uniform spnlicubion . of methods is the purpose»of‘the‘design
regulations. it .ig not possiole to carry out proposals for .
alteration vory essilyy a8 o rule onc will have to make ring
experiments before noking . =ltorations. " RLM. stations may teke
part in the ring sxperiments of industry only if the RIM has been
informed chout it. The lzck of stafi prevents one carrying out
a. large, numbsr of experiments. ' b .

Laboratory methods may be divided inbto those which are -
1ntended\for,manufacture control ond those which are intended for
“use-in testing for suitobility in practice.: T T :
Since & relevent DIN-she8t is not ye ,vailable, RIM -
i directions,shall he-issued for the select end drawing of
. samples. e » B S

;. Dr. Nelde reports thet HpS04 wethodyg have not -proved -,
themselves for makingaéeparate*dcterminations;of olefins and. .
_aromatics. The Kattwinkel reasgent tailed. in particular in the,

presence of larger zwmounts of cowpaunds which contain oxygen.
Anything extracted by this poizent is not denoted as “aromatics®
buk.as "soluble in sulphurid zold-phophoric geig™ (SPL). The .
rutio of meiai fuel is 4il. : ‘ :

o The method o= Rosegnmuind end XKuhnhonn iz precommended . for
determining the iodine‘numbér*oﬂ«wrimary,yraducts.‘ Pure xylene
gave ‘en’ iodine number of about 7 according to. the method of

Hanus. - _The.conschences followlng from;a}knowleQQe of the
iodine number-ere of_practic¢l~imgprtancef(e,g. unsuitable gaso-’
lines may have to be hydrogenated once more) . ..  With r?spect'to

S
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'

~1s p ed nresent the form of the Hanus

method contained in the BVM:- . 'NeSeTont oposal—is-that—
~until clarity has been obtained the upper 1imit for the iodine: .
numbzr should be eliminated from theé supply specifications thus’
getiying rid of -the practical di'fficulties of supply. The RIM
accept the first propossal but not the‘second.‘ Phe I.G. is to
publish itz test directions for the determination of the iodine
number; they pointed out however that their directions are nob
y&t ripe tror publicetion. ~ The method of the central burenu
shall 2lso be taken for combharison. L S -

~ 7"One of the two methods of determining lead {by means of
trichloro-acetic acid), by the one+by Dr. Widmaier, hes g form
similar to that-of Dr. Morghen, proposed at the DVL. The
apparatus employed is also the same a5 that of the DVL (DVL-FB
~'1292). It will probably bz left to later judgments_to decide

~whether the one or the other method ;s the more suitable.

Resolution: B ,

~ 7 The directions for the detormination of aromatics and for
" pbomb ageing are to he altered by the DVL. ' The directions of

‘1938 snall be used.for the determination of ‘the iodine numbeér.

Ring d&xperiments are envisaxed for the determination of
aromatics and of the ilodine number as well as for bomb agelng.
The RLM shell inform the DVL as to which stations should
“participate in this work. S S L

: The DVL proposes the mcthods t6-be,teéted t0 the.vgrioué
stations and then undertakes the dispateh of the samples.

'
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lusasgries muup o= yar .nuuatry, . L. " '
- Berlin. T “ 30th'May, 1042,

re - I_ggrovement of lor tnmpdmtum storti gg canigx

In addltion to and in ac_:oordunco with our lottor of May loth 1942, pleeae
: toiled’.acaonnt—_of-,thmqungo_oc_lzay—uth-wa-lbth

. abe,, ate.)
s&gn‘nture.

* "+ REDQRD - ’
of the meetinga on Mny l4th ond 15%h, 1942 -at 10 aom.,h in the Hme of the Induatriel
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Chief Government's Surveyor Schmidt.is Prosident of thé Conférence
_ where tho Chairmen.of the Commlttees make their .roport on the work done.
. ‘snd their proposals of° fmprovement of low temperature atarting capacity,’
whici sre now discussed in’detail i-. - : e '

T

Adoption of tho electriocnl plont to low tempersture sterticg conditions.  {Chatir-
“men of the working committee, Dro. Catlasen (Bosch) Jo. -

1) Measures taken ‘concerning tho battery.
| &) Refinement of: teet procedurs -

-— - The makers -of the 1ead storsge batteries have token up this. suggestion already

* ‘mpdé--in. the, conforence 6f April oth, snd Nr, Pralzgraf submits a draft.- here’
enolossd =~ which will be published ae ssction 5 10 DIN 72311 {Deutsche Indus—
“trie Norm - Germen In_dustrial-standord)a *' This stondard draft provides for a o
. $ightening up of the teet regulations for determining the sterting copacity,.
by 20%.  In this cese.it is, lowever, necessary to incresse tho:mazimum leed -

‘“gentent by 8% for: the battery built’ sccording to DIN 72811, poge 2, bus the

- ‘maximum nickel content hitherto permissible for the battery built in accordance N
with pago 3 is: 9till sufficient. to improve the starting capecity vy 20%. - The
- Covernment departinont heo already given oral pgreenent 1ln principle. In the
first instence this egreement is ' given for two years. A written confirmation

. will arrive shortly. ~ (In the meentima the Government’ department. for metals
hes given written: permission dated 19th ‘Vay, -1942Y. " Furthermore s.better ~.. .
separation. between the: plates must be achieved in'order to improve .the start;ng
capacity of the betterys | The use of “Decelith"-msparators with grestor perme>
ability seems to have good prospecte of sucoess.~ These perforated and corru-
gated separators are principelly wade by ‘the: firms 3 "Conti, Hennover" and

"« ‘apaytsohe Celluleid Fabrik, Eilenburg {Germen Colluloid Factory, Eilemburg).

Thq intended improvemsnt will‘/p;'qbubly ne'oe'es_itate en alteration of existing

o -
s R
o




plant of those two makers, A priority porm:n; covoring deltvory of thd
' ‘neceasary toole might be obtoined by tho "Fihrer's" Inppector Generol tor
motor—cara, or by the "Deputy-General foi' motor—car orfaira"

“These strs otpr toat ‘regulo tiona con bo put 1nto forco (m Avguat lle o
1042, =~ Generally this poriod for the chongo over is considered: too long. B
Mr, Prelzgmt, howgver, emphuaiaeu thot this is the earl:loat date poaniblo,’-._-

" b) Uniform directions Zor the ouporviaion of lighting-ond aturtor-batterxea,
at the front. .

For “this’ qu Pfalzgraf nuhmits o draft as per enclosure No.2, It eppoars,
that its final--vording must 84111 be discussed with Dr. Collsen and approvod
by tho relevent Army nuchorities.

¢) Werining up the the' battog

At -—30" the- oapac:.ty of tho bnttery ia- praeticn]ly zﬂl. After thorough.
oxperiments. the working committee suggesto thorefors: warming ‘tho battery
up or keeping it waerm by meens of o wick-lomp &s having tho  beat prospects
of improving the-low temperature- starting capooity. of tho battery. It
wae found fo¥ instence that the efficiency of the starter could be raised .
by approximately 40% and the copaoity of the battery by approximately 400%
when it wes wormed up from ~20 to +J.0°

/ lm Barming*up ‘the btattery or keepin;, it; uarm takes 8 1ong time (up to

- 18 hours) and es no sttendance at all cen be given during this time, it 18-
imperstive to use the right.lomp for this purpose. Two lamps have been
found to be useful. Ope is ¢ lamp made by Mesars, Nier twt burns with
“kercsene. only, and snother one -is & burner made by Mesors. Thiel and Borden~
heuer, Huhla, Thuringie, working with all Diesol fuels, end also with
ordinary p-ae oil. : The 1etter hos’ been teated in pnrticular by Nesara. MAN.

‘The first 1amp would permit a’ comparamvely aimple solution of the

" capacity problém, but the supply of ‘kerosene is hardly possible, For the

second -lamp, though, Messrs. Thiel and Bardenhcusr could supply wick~burners
"in sufficient quentities tut the lamp itself would have to be. made by a

s larger firm {e.g. by Maasrs. mier]

After thorough disausa&on agreemant :la reached in the latter: aenae‘
Unita opereting oxclusively on gasoline need to bo oupplied with Diésel
‘0ily’ Ae, however, the lamp uses: very littla‘ no difficulties will ‘bo: meu‘
nnd the army: also agrcen to 1t, .

: ‘Dr. Callsen. Nry L’.ader (Auto-Union), and i, Huas (MAN) will work out '
- g.’suitable tontainer for the wick-hurner and examine with the reletent

firms the bvest means of producing 4%, 'In ordor to slmplify the: proauction
of this container, it 1a egreod to use ona burner 1nmp only . and ir poaaible
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to choose & pot already on hend. One, two or three such lowps con then be
used acoording to tho pize. of the battery. . )
]

Neasra, Bonoh round out that for nufriclenf iG] ﬁﬁg'\"fe_mﬁ {fd

1 lamp for o6 volt/ﬁO to 80 omp/houra battory
2 lamps LU ] 1? " "
‘% lempa.” " .12 " 90 to 160 7. Lo

Thase data will ‘however be emmned again by Veserse, Bosch betore a .
finel docision is made.  Tho I‘irms Mzt hove the dimonsions of the "mono-"
lgmp” {oingle~burner lamp) by Moy 26th 1648, “"In’ the mefntime Nessra. Thiel
and Bardenhousr cem silpply the burrner and with 8 pot spoolally made for the
purpose. heating excerimente nay to undertaken at once.

‘The army authorities (Col. Gothscho) believe they will require about
1.2 million. Needless to say-~the: burner of which the sample still contsins
aubatitute-netcla 711l bo made or sheot steel or plate ateel ox something
similor, . Messrs. MAN inform us thot relovent experiments have been made
8nd'thet probubl*' a changc oyar will: not ba diffioult. :

) 'I‘he urgent nood for this lnmp ia egam emphaaisad., “sPhe ‘eim Tor ‘the
future is to meke e heobing lowvp which cen bo fed with any fuel apd which
will.warm up a battery without any pttondanoe, Yo shall also try to make
s lemp which will burn with londed gopoline and which will be ready for the
) winten br. Callsen reportn that ‘experiments have been bogun’ but that onG
cannot say if auch e lnmp can be gob ready for the coning winter..‘

A mrther task for the future 15 to uBe 'booling-vcatar or hot air from
the exhnunt whilst driving-for the heating of the ‘battery. = Here the
problem to’ be exarinod is whether the battery csn be kept. sufficiently werm
during the normal walting period (about 10 hours) when it hsa been warmed
up. whilst driving, by wroviding good heat muulntion.

. . Accdrding to tho Hig_n command it is desimble that this heating up’ of
~ the battery - could ~ 3L posaible - be combinad with. _heating of tha driver's.
cabin aluo, :

d) ﬂeatuinaulauon of the battery -

, .

= Heut inaulation' is essentigl id ordcr to warm the battary up and to keap it
wayh for -os long as posnidle. ~ It ahould. comaist of 8 plywcod or kepok box .
with air as, 1nsulat1ng layor. Aﬂ a minimum insulation;, 10-15 mm. air is
Bhggested and the thicknesa of the wood sho‘uld be 15-20 m,

" Dr. ‘Gallsen hPs nlrendy sent drawinga about. tlus to the Lirms. - ".‘le' .
avieit thexr final doci;ipns. ' .la may gey. now thnt auch 1nanletion-boxaa can




ceit be fitted to vehicles already in-use et the fron%: with lorries this is
alwaya poesible, with pasaenger*vehicles it will be possible in most cases.
ob—be—poeu1ble—to—meke—%he»same—nattern~oz-insulaticn-boxe-

tor the verious baftery-eizea becsuse there.ars so many difrexrent places
where the btattery is mounted in a car, a lerge variety of makes muat not be.
. allowed as it would impede.easy hendling of them necessary at the front.
 This means that we must aim »at. obtaining & few selected patterne. As.aoon
ns we have the ansvers Dr. Callsen will submit suggestious how best to com~
bine £1l the types. But the firms must consider this .problem &t once and -
as soon' #8 Dr. Callsen's finel proposals are at hand - they must together.
with the army :tackle the production end supply of these boxes, as far as
their particuler types are concerned. - Fgr future new production the mags-~
produced -fitting of a heat-insulation sufficient for the battery muat be
taken into account‘ . )

8). Beat 2_§1tion tor the baottery in the gar.

In the rlrat place, underneath the fromt.sest is thought to be tha best

-~ position to rit the tattery. in future becsuss at this point there is the

" largest space for o sstiafactory hest-insuletion and mounting of the-heat~
demp end. ‘teceauic the battery doss mot reoeiva eny additional heat fran the

engine’ ‘in surmer. ;

- .

The next best place is underneath ti:e bonnet, - In this csse speclel’

sttention must be paid in summer to suificient fresh air cooling of the heat-

. .insuleted brttery.. In this comnection is must be emphesised thet the insu-

lation box fust not be taken away in sumex but cere mist be taken to provide

enough cooling., ' . .

o Fitting ‘of the battery on the running-board is rejected for many TORBONS.
" This. place rould bo most . unfevourabla a0 regards low temperature starting

capacity: as the battery is thare anbjact to cold more reedily than snywhere
elae; ’ . ;

The' "Opel" rectory takes ovar the work of studying the future battery~ TAe e

:mounting underneath the bonnet as regarda hest~insulation and freah air supply

i

) Eaeily broken cable-connection

In. order to make it easier to take. batterlas away. we. augeest aocording to en .
1des of ,the Gebekraftfahr a battery teriminel with ‘a screw which cen be looa~

‘55 ened eesily._ In this wey by meens of @ thumb ndt the cable may_ be loosened ‘

or tightened ee~sily and. simply without tresking the .connection of the pole~

terminel. . Semples of ‘this new. termine) are shown and approved by all.

This terminal meets the essential requirament viz., 10 uese the terminal of

the pole slready there, and protects above all the hesd of the pols which, will

not now be deatroyed even when the battery is removea frequentlyu '
- y

o
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This;tattery terminsi could te euﬁplied by Messra. Eifeler Metallwerko in
sufficient quentities. ST ) : :

it is decided to fit the terminsl G0 oll LELTeF108 WALOH 103 Ioanons OT
space have no:-heat insuletion end therefore cannot . be heated in the asor in
order to avoia destruction of the pole~hoad terminal. 0f. courase this top
terminel cannot be used with all batteries becsuse of lamck of ‘apzae, but 1f
possible this new termine} should:slso be rikted to the batteries with hesat-
inaul_ation 80 that when removing the bettery for cherging, ite sdvantages may
be usod. L '

g) Terminal for am external sourcs of current

At the seme time we suggest,as s task for the future, providing tie vehicle
‘witha pair of terminale to mpke it possible to charge the bstiery in the
vehicle and to start 1t with an external source of currend. The besi plece
.for fitting these terminals in actordence with the wiring is agein the insu-
lation box. For this device Messrs. Bosch have made s suggestion to the -
firms. Yhen deeiding upon the insulation box,the place for fitiing the ex~
ternsl current terminals should be considered i : ‘

2} Alteration of tho regulstor features. -

Ab the meeting ‘of April 9th 1042, a proposal wes mads to elter the features
of the regulator in order to improve the low temperature sterting capacity. -
Veasra. Bosch have thoroughly worked on this problem;— They found, together
with Mesers. Gerbe, Lelmeyer & 0o., that the presont known temperature-gom- .
ponseted reguletors - including the type produced in the U.S.4A. by Ford - . R
Tdo not allow a quicker charging of the battery when there ‘18 &, very low. tamp-— "~
erature. - In order to achieve un efficient. Smprovemsnt when charging a battery
cooled down to approximetely =300, the voltega of the reguletor must be in-
creeped to 18 volts. . : Suc¢h voltege lncrease can ‘however not bo permitted, .
- heving regerd to en overloading of the electrical equipment,  Furthermore
the regulator must be controlled by e temparature controller on the battery
~ and not aé hitherto by the temperature.compensator.on the- regulator itaself.
In this letter case the temperature compensation is t0-a large extant rendered
ineffective because.the regulator itaslf s warming up.. #hen the battery
1s kept warm, ‘the problem of the reguletor mey be disragarded for the time
" 'being, ss Dr, Oelleen pointed Tout.: i —= ‘ ' .

" Phis| “however,. does not imply. by eny mosns:thai research on:.this question
should not be continusd, but. this technical and production problem will teke
8 long time -to solve and so cen have no practical congequences during this
winter, -Therefore this question, whioh is likely: to influsnce greatly -the
electrical system {(protection ageinst ‘overlosding},; must be left to fubure
experiments to be pursued with emergy. . Sl T e L :




3) e!tiwmr& oont:ol.

“The ‘quention was aleo; Mac\naud “ the meung of April 9th 1942, of roau- C
lating the resistence in tho iptum-oou in order to obtain e good ipnttion-

.. apark. at.the moment of starting,. - Dr. Callosen reports that in the.view of .
¥esers. Bosch end lessrs. Gerde, uhmnr & Co., we need not inorssse the
ignition-affeot during the starting proocsss when the bhattery is warmed up.

Apart from that, heo reported that the ignition coile for 12-volts made
nowadeys by uunu. Boach oorraupond already in their ignition effect to
those wnh the :-hmtouo Yentiatence romorly uged durlns the utarnns pro-

The Arzy bas vontileted this quostion for oome time, mocording to Colomel
- Rotherdt. - They oonsidered providing heat from the cooling-water, or by -
meana of a blover. ~As there was not othor inetrumont sveilable, the
cooling-wator hoating epparetus by ‘Riodsl only wes uned as a moeke=-shift .
last winter. - Now 4% will bte replaced ty & new heating device called a i
"hoat~exchanger”. - This instrumsnt is made sand supplied by Meaaru. Deutache - .
--faffon & Kunitionswerke, Borlin-Horaigwalde (German Amme and Munition !
works,. Bex-nn-Boreigmae). The source of heat for the heat exchanger is’
a blow lamp. It ia however essential thet it burns for 30 minutes without
@oing out. The ‘warming up of a battery ism o slow process teking & long -
tims end keeping it warm is considered preferabl.e. An engine, howover,
muat be hentod up in duch a way thet it gets warmed up from =30 to 40°
within 20 to 30 minutes et the latest »nd is ready .to be started. Thée
‘sxsct heating up times for Dieael ‘and carburettor engines fixed by the Army
w11l be made known shortly.  The developmsnt of heat-retaining equipment
ror the angine was paatponed 1ntentiona11y. -

Apart from thet, variaua hot-air heating davicae eepecially for air- -
-aooled engines, were .warked out. Hero again air was herted by blow lamps
_gnd then supplied to the enmne or egain to the cooling-water by blowers
'or by nir pumpa. R )

Tha working comittee‘OhaSrman ¥r. winkelmann made sxperimenta in
‘the meantime ond in thio case:suggasts and agrees. 1n principle to-the use:

" of, the heating dovice (heat-exchanger) ae developed by the Army. . Two
experiments by Deimler-Benz showéd thet engines heated up more.quiockly by
weter ‘than by oil.  The resson is that water allows e more favourable
‘transfer of ‘hest end 1t hes s /greater speciﬂo heat than 011., - Begides,

. water gots 8t those parts of the engine which offer the grertest resistance. .

" whencold. - ‘Fhérefore it appeaxs that hesting up of engines by oil should
be_ postpgmsd in fevour of the cooling-water process.  But, if ‘o1l is not .




warmed up it muat be diluted to o cortain degroo during periods of low

temperaturos, How much dilution is required dopends probgbly upon the .
varioums car typﬁg ang should be expmineé for every one of them.  Accord-
ing tq_oxperime! gﬁ’ﬂﬁ 8. xr, Winkelmonn belliovos that a <dilution of oil of

' Winsdorf st ¥r. Winkelmenn's éisposal. oo

about '30% will be required without demnglng tha epgino., " Dilution 01701l
with Diesel fuel should be svoided on principle in.engines because of its

. strong dispersion with regerd to the setting~point. Dilution with light
epirit already suppliod. for oxperimental purposes proved advrntegaous. . :
The working committee does not think it necessary to worm up the gear box
end the back-oxlo. It should suffice to dijute the oil in the. gear~box '

or in the back-axle nith 20% gasoline or ges-oil. It romains to be ‘seen
which is better for this purpose. The experiments ot Daimler-Benz show '

" that motor—oil csunot be used in tho back-axle beosuse hera the £ilm
strength of motor-oil is mot sutficient. L

In orqéi;'to get @ cer atarted in extrameiy low tezﬁparaturée, experience
in the Hast hos shown that it io sufficient to edd at very low tempsratures
16¢ gasoline in the csse of stendard engine ond rear-axle oils, and 108

goeoline in the cngce of stendard gear oils. .

 The eteto of oil in the back axle ocon be found out by putting one
driving-whoel on & jack or block end then  oranking the engine, . As for the
@esr, the-driver of the cer will be able to feel the thickening of -the
oil when changing gears. . L N :

Pr. X.0. Mlller is reluctant to let: the men at-the-front-dilutn the .01}
“when this is necessary, . He believes that this cannot be done. ocorrectly by
. ‘them, - -He would- like to start with a thin oil, Hia opinion 1s shared to

a large oxtent by the car=~ and oil. induatry. . Therofore the propasal of

‘the Army High Commend of using-low vigcosity oil with the same film strength .
 for. . both summer ond: wintexr 'i's agroed. . There is herdly sny asfrioculty in
preventing: leakage, . Br, Fuller will put.the results of. experiments made.in

--This results agein 1n & ‘supply~ apd a filling prot:vlem'v’vhiéh,‘ however,
oan essily be solved. .. As far es difficultles orop up in. thin direction we-
may ‘use.the old gesr- emd rear~axle o1l with gasoline or gos-0il dilution sse
bofore. . .o - ) PR el R

i

S So we '&:'lf nesd “the. heating ;device_msrptioned before to hoat tho engine
up. Only thé one drart apparetus will bo needed for smaller engines. For

“-larger engines with-a 6~1itre stroke-space. wve. need two one-draft apparatuses

donnected in psarallel. ' :They should te ‘Pixed permanentlion the cer in-the:. L

branch connection of the cooling-water. . In ‘sutimer, when' the "heat~exchenger®. . .

.~ is not mesded; 1t should be leff-on the ear all the ssme. : A blénd flange

. oen put it out of ection and protect it agsinst corroslon.’ It works on the
thermosypbon principle.  One or two blow lamps-which sre fed by gesoline ‘or

“1ight spirit sérve .as the heatingsource. ) c ’

'




Both devices, the "heat—exchanger" 88 uell aa the blow lnmphnead further
xtachnicnl devolopxrent atill..

> __1f leeded g:moline ie used, ohokin_g ogeura: not only in the nozzle but
-~ plso in the angl- plate of the blor lsup. after some burning. The sediments
.'ere so hard thot thay .can acarcely te romovod in. a prautical mannaru g

. .Up $c¢ now braso wes uaed very much 1n blow 1ampu. But in the mesn~
time there has been a greet change over so that bronze is needed for the
* burner only. In future we must try to chapge them alao into steeldbumers,
Experimenta in this direction were mnde by Veosera. Hihnel, and promiae aoms
‘suocaas. o .

The greatest bottle-neck ot present is the production -and enpply ot
the necesssry quentity of blow-lamps.- Tho. Army has alreedy plmced an
“‘order in France for 102,000. In apite of. thia. special aoction is nesded
~ip any cnse to help the manuracturing rirma. .

It hes now besn definitely docided to use a8 a8 rule neht apirit only
ap fuel for the soldering lamps. This Yight spirit ie enyhow at our
_.dispossl both with Utto-engines end Dieael-angﬂnoa for the purpoao of .
“diluting oil. Should supplies fail st timos, normal gasoline may be
‘naed. . This however will chruse a smaller working cepacity of the lamp. -

"~ ‘The wey in which the "heat-exchanger" works, and also the experih{ents
with 1t. will be found in ¥r. Vinkelmsnn’s notes of ‘May lst 1942.- These
were sent to all members of tho committee end to the car firme, together
‘with drewings. These notes were very elaborate so that ve here aimply
refer to them, As the induatry, together with: the Army, ‘shall be res-—
_ponsible for the manufaoturing of this device, Mr. Winkelmann 18 requasted
- 50 apeed up its technical development in ‘collavorstion with ‘the Axmy .
There are suggestions Por improvement.of -this device’ from meny gquartera
which »ill heve to be teken into account: e.g., stendsrdised flongos
should te vsed for the mounting snd the formation of water traps must.be-:
‘prevanted beesuse of the danger of froezing. Furthermore, it would be
good to try end make this device in such a way as to be able to mount ‘it
both horizontally and. vertically. ' In future it will be best to get the
collatoration of & capable radiator-factory or a platecmaking firm to help
in 'working out a good "heat'-exchanger" {we think, o.g., of Mgasra. Lgngeror
& neich or sﬁddeutache Kﬁnlerfahrlk Behr & ‘Ambi~Budd].

----- Farther eatiefaotory expex‘imente vlith the "haat-exehanger" have been.:
made by Messrs. Hanomag, Bﬁas:lng-NAG, K1dckner-Humboldt~Deutz, as well aa
by ¥esers. Deimler~Benz, - Bllssing~NAG keops an engine going slrendy for
80 hours with an oil-dilution of 304 without having any difficulties.

: F18ckner. have not’ completely answorod the queetion of diluting lubricating=

oil..
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L Tinally we find it necessory thet ﬂ;i,s "hoat-exohahger" goes to
eagch firm as quickly.as possibleo. 1t wi)l bo mass-produced later. At
present- tho .experiments mentiopad ebove are made by mpke-ahlrt‘iuatrumouta

made Wﬁhen-nnAha.ﬂm_haMsamroduced :

‘apparatus each firm must oxamine how best tp instal it in thelr various
typas of oaFs which ero now used at the fron: or ‘still.on the war product=-
ion.progremme. The installétion jtself should if popsible be done by

the serviocing end paintensnce steff of the “¢4rms_nu—there:ls e danger thet
-4t is not done. corréotly by others. . ‘ ‘

,  Tho Army has siresdy ordered 140,000 "hoot-exchengers” with Vessrs.
Doutseého yaffen~ und Munitionewerke {German axrma- and-aomuni don. works},
~ ‘end the first 5,000 ara said to be ready in approximetely four weeks.
¥r., strunz end Mr. wiethllchter fear a delay in this pupply .if single = .
specislly made “heat-cxchangers" must atill be sent.to the firms before
~this time. Aftor some diocussion it .ia agreod that 14 one drafi and
9. doublo dreft "heat-exchongers® will bo sent to committee membors by
- " '

Ny 26th 1942,

- Ny #iothlichter is given an exact distribution list durit}é “the
coziferencei_ﬁ.ﬂ’(__nuring‘.,_ﬁhe,;_:maqt1ng in the afternoon it was decided that 30
ono draft “heat-exchangers" should_bo'providéd). . N

yr. Winkelmson will see if Deimler-Benz, Morienfelde con send soms S
wolders nnd. other workmen for this purpose and will then communicate with

¥r, ¥iothiichter. -

* A1l members ere ‘clesr erbout ome thimg.  The most imp_ortentx'thing .
iz .o, supply the "heat~exchongera™. A1l other wishes, 8.8, as- regerds
pro!’ftable manufacture or further technicol development ere of . a:aecondary
nature. The comm_;tted is furthermore ‘conchnced that the puggeations
mentioned sbove are for the time- being the oniy possible onea: for:-

. hesting up engines.in order to overcome the difficulties of atarting
engines during the coming winter. ' o

. In: order to Tit ell this into the_priority progremme Colonel ‘Rothardt
. will communiocete with the OBK (Lt. Junkera) .if the Army High Coymand should
be unable to go ahead wibh:'thejorgaplaation" hitherto in forco. G Tl

/ Future tasks are :=

o l)’rhamo\mting of e ""'hén‘at-eidhanéér" in B }atandardiuetjl form- - ro-
. If possible the ezhoust-gases of the "heat-exchanger” should bte used for
_warming up -the carburettor and the suction~tube. e ‘

'

... 2)The developrent of an instrument vhich not only heats up the
engine but keeps 1% warm. . .- L e e
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3)- With regord to air-cooled engines, the experiments with the

oil hoaters already tried by the Army should be continued, The bottle~
nock -of making blowers is emphesised. For the roat the mskers of air-
vooled engines are reguested to investtgato the noaaibilitieu suiteble

for their engines. . . . - v

4} Air-hontmg by blmrars will also be exnminad. If. th.eae .
generally lerger devices cennot de. aupplied in lerger quantltiea Army
unite can Pt least use them as’ aggregetea.

6) in order to svoid any unneceseery dup2ication omphaaie is leid
upon the nacessity for manuraoturem to work in oloaast oonaborat:\on.

Leasra. Auto~tnion cnd l-eaars. Bayertacha ¥otorenwerke wers eleoted
new members of the committes, Lo
' 11z S
Measuraa ragardin_g mixtnrea end mal (Chsiimn of the committee 6 Vr. Boehner
gl

The wészin'é committes has examined ‘the pri’oﬁle'm thorougbly end foubd dif-
ferences concerning the fusl and the winter=oil. These differenoces,
horever, are trested aeparately 1ater in the report. .

" The oxparlmunta at Opel's refer to the 3. 8~1itre engtne with a 12
vo].t/BO ampe/hra bvattery, etarter 1 h.p., throttb-valve carburettor Opel
“down draft. At the first »g:ranking Tosigtance was Tound without gamline:
and without ignition snd then'atar,ting triols were made with gravity feed -
gosoline end ignition switched on. The uumber of -revolutions .of the

_ "eterter wes ni) whon oil wes diluted with 168§ light spirit snd at:.m = :
- eooling-chembor and daftery temparature of -469. - Under the seme conditions
‘the mmber of starting revolutions was 8 r.p.m.- whan ‘o1l was diluted up
to 408, - The result was :~ The warmer the battery and the grerter the oil~
dilution. the higher the starting rovolutioms.: The larger eledtrical-
equipment ae formerly used in the "Opel-Blitz" 3 ton lorry, viz., 1.2
h.p. Btarter and ‘a 78 asmps/hr. battery, gave approximately double the
ravolution fiemre with a oorraepcnding mpravament or the atartins t.tmo. )

The starting tests with o1l dilution or 15¢, cggl}gg-ohamhpr -45°
and-battery-temperature-+200. showad thet only wha’i ‘sbout 150 ccp of warm
L. 1ight- spirit . were poured into the air-inlet and-&t- tb.e seme time- the -atarter

wan oparatod, 1gnition took plaoe ‘at once and the engine ren.

#4th an ofl dihsltion of 50% ooollng—chambcr temperéture -40°, battary :

temperature +70..(car). gasolina of ~400 wrg used as starting fuel, . The

. ongine'was sterted by pulling and olosing the choke and mlly opening

- $he throttle in addition .to.olosing tmpornrny ‘the carburettor air-inlet -
oompletb].y with the gloved hand.. The revolut;on figure of the starter was

'\
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30 r.poM. in the beginning. " The first 1gnit'10n" took place after 17
seconds ot about 70 r.plm., end after Y10 seconds the engine ran.

Mk,

The *thormm,wmuoo made éxporimenta.
but they ooild not rench temperstures ol = he-tr-oooling=chambars

and ‘therefore they mado: their experiments at‘témperatures of ~-28° and
~30°. pentiden, time was too short to meke thorough tests. ' -

. Comperative. tests rade by Auto-Union snd Daimler-Benz showed
elready thet the.new winter oil.as compared to the 0ld ‘standard oil
reelly improyed starting :b }'7 to B8 dogrees.

© #xperiments with the quch"ﬁ‘a_-llttjp','“a-cylinder engine, with a
pettery of 76 amps_/hrs’., plus 10° heat end 1.8 h,p. sterter showed
without o011 dilution a atarting rev_olption figure of 40 r.p.m. at ~28°.
Throughinjestion of 12 ces light apirit this figuro rose at once to .
60 r.p.m, and sfter 34 geconds the engine Tanl.-: This showed again -

~ thet the uee of 1ight. spirit whon atartingvplays'a very impo_rt.nnt'part.

The Daimler-Benz tests proved Plso that starting requires moxe
fuel. According to Itz “inkelrenn this depends upon the type of
engine. ‘$ide-vnlve enginos used mors Tuel thon- overhead~valee engines.
1t wos olso found thaet the sterting carburettor by "Solex”, regulated
correspondingly, can feed the engine with the required amount of el.

‘No difficulties werse met with a B3-litre overhead-valve. engine n:gd with
o gravity feed carburattor with 8 nags-produced standard nozzle 1 0/6 :

.- end 50 T.p.m.

' _Experiments with a 170 v bucket—baa.t car showed .~ ap pliready foumd

8 mmuw-pxchanger" ‘ja mot" »
peededs " - But Daimler—~Benz iqei’ats upon having Ho—device aleo: with this
_type as conditicna are usually less favoursble in practice tasn  during
experimeats (e.g.; the fspprking' plig 4s in bad’ condition, ebe.,’ ote.)

1f, &t the fromt, supply of light spirit _does*not"arrivs,in time, and 80

. al) other mesns fail, the warming wp of ‘the engine ®ill atill ve.poasible.

Vessrs. ‘pheencmen snd porsche I(.;G. ‘Teport on'the question of whot .

 peasures ghould be tsken 1n the case of air-cooled engines. According

to. whet has besn _said before a nheat-exchanger® cennot be: used to marr
the coolingrwater.. Ac time wes too short end sbove: all beceuse thera .
‘wes no{coonng'ohambsr for temperstures dowm to -4(_)0,‘expariments could

7 pot yet be completed. t.i

KFossrs, Phaenomexi first tried oil~healing b.:," mesns. of & éoldéiihg- -~
lemp. - 'This, however, .18 not advigable y teceuse it is .t,oo‘ dengerous. and
cen result in tension-cracke 1o the ' cylinder. : D *

.

" Furthermore, the following apec_ia_i_ piarting means were used in ex-

periments with the qew/type'"(}r’anlt 560" during last winter =
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A = w -
:"Injection of about 2 CGOD. of mix;aral 0il or fuel per cylinder into |
lthe primtng-cocka of the oylindar-heada at the beginning of the :
sooling-times . . C

- Injection of the same quentity of fuel before starting. o

Pre«haattné of thé lower part of the: oarbuz;ef.fot vy e heating
flange of 30 -amps. “ecurrent strength built in bvetween carturettor.
. snd suction-tube. L ) i

-7 The oil in "KQF". cErs Was -also wexmed -up with.a ‘soldering lamp #t
firat end an inoresse of temperature w6o obtained up to 687 within 8-
miputes. . Thie actian. of the aoldering lamp whioh should burn with a '
iarge fleme i1l be improved atill further in ordger to reduce the heating™
up time of the 0i).. Then oil was d1luted with 304 light opirit end the

' pattory was warmed up by 20° tue engiune started mnning‘_atcer only 30

qeconds with a starting speed of 87 r.p.m,  The temperature, however,
in this cese was not below ~28~, i

“

R ] .45 Yelieved by, Phaenomen ond ‘others that hy using 1ight spirit
¥ gnd the other oxpedients mentioned alroady, o heating deviae (the.heat”

,ez;changar) is not needed. Final results will te goined by the end of

this month and will be submitted to @ meeting of the working committee
_on June 2nd 1942, If 4% should prove o obtain temperatures

of -40° in the. cooling-chambers, the oxpe
atures of -~30°, end conclusions may eventua
at, ~40°C by using given correlations.

1t is ateted that injeotorfnoazles end the alteration pipces required
e ! i te supplied in time for the: coming winter. )
Furthermore th zzles ¢an only be used for the uew production
end cannot dfitervards be bui 1 rs slready made. . Apert :
from thet, 8 certein okill 1e needed o operate these At,njéctor-nozzleq.
wa. gammot expect to have pkilled men &t the front at all times. It 18

. therefore conaidered better not to use this maans.

'__"'r‘he'~ other firme "¢ the dowmittee Teport in a similer way: fFinnl
judgement may ve prssed only when &1l the experiments are made end most .

import.’ént%tiall ‘when ‘they_have been made et extreme temperatures of .

" ~40 t0.=46% . Irmediate action cannot-therefore bo “token with regard

to thia poind. - The firms of the-working committee wiil conclude-their
-findings by June 1lst 1042 and eubmit their proposels. =~ Lo

The rollouipg‘ matiers ‘should be uoimiderledh for further experiments. :

1) _?re-hes-ﬁng of ‘the battery up to at lesst 4100 or ‘sufficlent
insuletion of the same , guarsnteeing this - tempersture with ca:tatnty’
: "'durs,'ne 8 waiting. time of 10 to 18 hours’..\ o For Btarting‘, ignition by
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‘bettery heo been found better then megmeto lgmition.

2% uu-uuuﬂvrsutttutenﬁo*aﬂw-thrrtwhed—atm g
—~lutions ~ it-hes not finally beon estoblished whother 30F dilution in the )
‘right one. ' The experiments so’ tar made did probably not take into account
“the fagot that the sdmizture of light. spirit must under no éiroumstences
‘be made when'the oil is warm 88 the low boiling light aptrlt will’ evnporate
tooquiokly. ’ .

3) The engine should be fed with a auffioient emount of fuel.

) It 18 necessary to exemine in particulsxr the aolivery pump in reletion to
low temperature. The flowing and delivery chrracteriauoa of the fuel’
at -45° must at all costs be-examined exaotly. . e mey find that the .
parte and devices we use now feil altogether. It would be advissble to
fix a gravity foed tank of about 2 litras oespecity with & speciel tubsé of
sufficient diemeter leading. to. the corburettor. It should be possible
to turn the tube off by a tap or cock from the driver's cedbin. The
f1iting should gonsist of light épirit, starting~fuel or gesolina, 'Te
must £ind out if the hesd is sufficient. . If not s membrane puzp whiuh

"’ may be operated by’ haml or by foot must be inter-conneoted, ) -

4} A spocisl investigertion of 8 carburettor particularly auu;eblo

) for foeding the engine with sufficient fuel for sterting in all ‘eircum~
stences ~ in this connection the folloring foct must be noted :- The "Opel
shrottle-~velve darburettor” is very ruch better than the starting cerbur~
ottor ty "80lex". Fux-thermora, considerations emerge in regerd to low
temperature sterting which could not be Followed up at o time when Army

" vehiocleos were forbidden to use the "Opel carburettor™. . - So this whole
rattor must now be taken up agsin with the Deputy GBK Genersl for crrs

and ‘the Arny High Commend. Mesara, Opal thprorore will apply for A. new
deoielon in this matter,

5) In the 1light of what has boen said above,. Mr. Eushper, acting -
- for VMessrs. Opel thinks thet a haating-device like’ the "heat-axohanger" will ]
-not be needed. In spite of this opinion is 1is daoidod thut all, ﬂrma are_ . ..
‘to exam:lne thie problem in detan agein.; ‘

; haeara. BMW were’ atterwarda elected uew membera of this oomminee. /

Bokenliller - g

Aa Mr. Boehner'a commttee dealt only. with atarting aids for. oarbureteor-
type engi.nea a_spocinl cormittes for Dieael enginoa vas needed. - This
coumittea for meaol enginea wap ronned under the Chairmanehxp ot‘ Lr. Boke-




- -
. r . .
v . . - : -

/

miller end.confirmed ot .thie maeting. ‘Apart from DE!mler-Benz, Nl‘.eaare,
k1Bcknesr-Bumboldt-bentz, Messra. MAN, and ¥esero. Boach sre member of this
committee. . : : R :

in addition to the aide whioh inorésse the starting oppacity et low

) teinperaturés for both carbursttor-typs and: Diesel engines, thers exs gomo -
other various simple starting-sids for Diesel ongines .which can be spplied
with good success, vizZ. - ] L

- 1) An adjustsble link for the control rod .of the injection -pump
- tg,tsed_en,morenae,d.,,ouanpiﬂty‘gqr_pg:gr_gggglmm o : e :

- 2) Fizling cocks for atarter fuel at the sustion tubes, and st the
inlet pipee, or previous pumping of .fuel by hsnd operstion of the pump

. teppets. " . - o

3) Spreying nozzlee at the inlet pipes togethsr with a amail

auxiliery tank and hend-pumps (Systéih Sum or Solex). ., [ ,
) glow plugs - } , , '
4) ¥lactrically heated,or heating flauges in the combustion chember

or-in the sustion tube. . e e R el e

5) Hot air generutor; operrted by soldering-lemp, or iaurhef fpi-
aolid fuels. BN ' .
" we.. Bokemﬁ;ler_ mede - the foliowipg _oonnnente on the above :-

"

ey

Te. 1) The adjustable/ruebv,nlve fulcrum for the governor-rod mey
ve used both ‘for the cors to be mess-produced and for the cers already im
service. ~ ‘The simplest wey is to elter the adjustment -of the governor-—
osme on the injsction-pump: - This ced be done quickly with' the aid of
short Working instrustions. =~ Therefore the cormittee recommends this to-
.all Diesel firms. ’ R R L .

re _2) Previoua hend-purping hes approximetely the sswe effect for
e b 0 -pOfYER DG OF the-lubriceting-oil-film of -the . piston-guide.ns ril11ing - e
, 8 few cgs of Diesel fuel through the priming-cocks or T1lling-valves ot’ :
the oyiinder heed oups or sucticn-tubes. ‘A8 regards suitadllity for wess-

produced ifetellriions or lster instsllatioms, the remerks under 1} apply:

I " re'3) The use of apraying nozzles is mueh more difficult than the
-~ mensures recommended -in-Nos. ' 1)}-and-2}.(compare also whet has naen sgid - -
before -about spreying nozzles for gasoline engines). This dbvice cen .
probatly not be used for cars already in - service, s%t least not es.an :
irmedinte priority measure. o S R ' Y
re 4) Diesel ongines with“combustion chembers: (anti-~chambersl,
turbulence chembers snd air cells aund also mass-produced glov-plugs i
vossess very excolleont memns for msking ‘atnrting easier. Herting flanges, . .
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however, hrve only » very limited effect at very low tampernturea nnd thetr
1074 on the storsge batteories is 10 ‘times greaher than that or the glow

ninvon- "
P

re 5) Tho "I G. etarung-chercoal" ag proposnd ’by Profeosor '!ﬂko

hes a mixed reception. Some think it sdvontsgeous, some point out - as ——
wan alrendy seen in the conference of April eth 1042 ~ that wo obtain the
spma effact rith a.rag soaked in fuel and with-en apen flame. In sddition |
1t should be emphasised thet this "atorting~charcosl® will not be aveilsble

- ‘yet in the coming vinter in sufficient quantities sand its further supnly

. will-also be difficuvlt. . Col. Rothardt pointed this out vhen ho epoke about
the heating up device.

#ith' reterance %0 tho proposcls mado abovo ne cen see that Diosel
engines need not be heated up et temperstures down to ~30°, ~ The Diesel
manufocturers will continue to test warming up devices for the cooling-
water in order to rasch @ high safety-margin for-low temperature starﬂng.

This ended the conference as it was lete (8 p.m,).  Further dis- .
cussion of problems still to'be deslt with was adjournsd to, Friday, kay
15th 1942, 8 a.m.. This conference vas attendod by the eentlemen epec1ally
‘nrred in the list., . )

v

Cranking Qevites to_start the engine. (Cheirmen of the w(n'ki 5 crmittes,
. state-mgineor ilausmenn (Army High Commsnd).

oMt rirat 8, crankshaft gasoline atnrter vith a "Mchtel & Sache” engine or :
. 8560 cos. vas developed for ermoured cars and trectors. . This method will
.. be exemined further for large emgines: it is not or much -intereat here.
OyT -problem is how to.sterrt the gaaoline~ end Diesel enginea normally usel
ror motor cars by mesns of an external power source,: .

The oxperience. of -lent winter geined by the Army hesg shown thet the
nOrgassa® device is best. . This sterts the engine bty a motor-oycle,.the
resr .wheel of which drives a belt. . Hitherto only e special motor-ocycle
_oould bYe used, Mr. ¥inkelmann developed this idee further and sugcesded
_'in connecting the motor-cycle.by rollers, . .This made it .possible to-smo’
eny .type of motor-cycle. Ir nocessary, for larger engines two motor-

“ cyclen. or-even o motor~car could be used as:a power BOUPQS: LT

- . There are genarally no difficultiea 111 stnrting a motor~cycle. - There

‘‘are always weye end means to park 8 motor oycle in such-a way &8 to protect.
-1t sgainst frost or to warm it up ‘quickly. Eeaidea, a motor cycle ready ..

S tor etart can ptert another one whioh; wilI"hot stert. .

’uth regard to the c¢ranking device ror gasohne enginea up to. 4-1itres |
capacity , Measrs, Boach and the Army laid aown the Btandards both for the

]




cranking-dog and the sheft end of the hand-starter or the extornal starter.
The. Stendard-Sheet DIN 73050 F1 hee baen sent to the firms concerned on -
May 6th by the industrisl group so that they may introduce these patterns
forthwith.  Moasures to 1lntroduce these mew patterns later into. the cars

which-are-airendy-used-by-the-Army-heve-to-bo-taken-by-th oy
have got in touch mith the Army authoritics. ‘ ’

Dr. Cellsen reporte thst recently aifficultics arose in fixing the

. orsnking-dog to the cranksheft,  #hilst everything is all right with the :
‘oranking-dog of the starting davice so far as gaeoline engines arc concerned,.
&''}inear expension of tho threed wea found when used witb the Opel engino, .~
with a torque. of 45,matres/k0103'ram and en engine temperature cooled 6
-=30°. - The’ orenking~dog 18 shown and Opol will exavine the metter. . (Im

the meentime thie has been domel). 1t wes found thet Npel cannot use atesl

8t C 16.81 tut only temperod steel St C 45.6l.  This foct end Dr. Callsen's
report will roeult in en rlteration of the ralovent notes on the DIN Fl-sheet.
The firms will be informed. C ‘ c i o, .

' Furthermore it should bo noted thet the external stertor need service--
ing, = 1t must not be pulled out of the crenking-dog befors tho engine. is8_
- stopped as this would destroy the parts st the front of the engine. ‘Simple

" working instruotions will-ensure correct hendling. S e
Difficulties about fixing the oranking-dog t0 the orankshaft already
met Fad montioned above with regard to gasoline engines incresze consider—
ably vith Diesel engimes. Kessrs. Bosch's expariments with 8 elipping or
. 8l1de - coupling were not successful. Therefors this was -entiraly ebandoned.
A solution is being sought by meens of s direct or positive ‘ooupling. A
~diegram will be sent to the firms concermed, * 1 T Beer

7 The,committee which is jolned by Mr, Reitz of Messrs. Triumf will

continve to exsmineé the.question of sn externsl starter for.Diesel engines

" under special comsiderstion of the coupling problem.If 1t ia found that '
on extetmel starter cannot be operated by every.soldier:  regulations muet

be isoued; according to which only "Schierrmeistern” {Senior -skilled '

equipment N.C.0.t's)-or personnel specislly trained for operating the’

" device will te allowed to hendle 1it. - T "

: It:is Geolded: thet esch firm examines the- fixing of the oranking-dog
~in tie erankshaft of their own onra at ths front and thet they meke the
relevant -tests. =~ The first mass-produced starter devicea will come out
.. soom 8t Messra. Daimler-Bepz. = Perhaps each firm may then have ome dla =
order. to make their experinents.  NoO ‘%{iﬂoulti'ea will be met in getting °

motor-gyoles from the home front. - If,, B-eover, should not be possible,

‘two Army-motor-<cyolsts could go from firm to Pirm with en ‘external starter -

to test its oranking-dog with the crankshaft. R

'GBK doodesthat that is outaide his sphers, but this should-mot -
-prevent-the Arny High CommAnd from faplshing the wark in collaboratorion
“'with the industry. e R Lo

- et . SV AU —
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Flpally, questions ere dimcussed which were slrerdy roughly dealt with sbove,
viz. those relating to lubriceting oil end fusl, They are exemined in the
1ight of the experiments so fer made. — 4s,the .oil question raised by Opel,
thée oil ;pduatry make the following statemént = In bmmnar-up .
right awey a certsin prejudice of some motior . car firme ‘againsty peraffin
base winter oils, it is necessery to point 61t varioue well-knorn trade-
mark vinter oils produced in pesce-time whioh wers also made fromaparaffin
vase.  Some of them set &lresdy at -89C or -20°C,. 'Pevertheless they
permi tted good sterting rven ot considersbly lower temparatures; .8.,
the oil mentioned first"Valvoline" elways made spterting .possible at temper-
ature: even.below.-20°C. - This wes a Very good result in those times. . On
the other hand some oils which were ati1) connpletély bright, olear and "
iiquid ac‘»aa?c showed certain difficulties for stertiog slready within'
the range ‘of these temparatures, i.e. below ~20°¢.  But elso the "Arctic”
0il ‘of "Vacuum" which may be considersd one of the best winter oils pro-
duced in Germany showed similer resulte with regsrd to starting capacity
also below the resl setting point. Tt 18, however, true thet this ‘oil
sat only »t approximetely,__ﬂzo%. Today's winter oil of "Vacuum” uses
) __ the sume rew meteriale end the same prodess sa the old "Arctlio” oil, but
! -« 1%ts bechaviour st low tempexratures with regerd-to the practical starting
of en angine, is even better still. - The.snme may be soid of the other
olls with g pereffin ‘base, disregerding the fect that their enmlysie dste

" may ashow them to. set at spproxinmetely ~16 to ~-20°C.

The only o1l thet we. may call lor-setting becruse it hra &8 Voltol
base is Shell'a. “e may, hovever, expect thet tle peraffin-beased winter:
oile show similrrly good results st the same n"pole height” =nd teating
conditions. . Dr.’ Brunck beliaves the differences which thess winter oils

" will show by virtue of their different significent methods of manufactura’
will not te large enough tiijYedn: compArison with the other uncertaintie

met in their practice, with low. temperature sterting at —40°C. - g
; tha prejudice sgeinst pareffin-bese winter 0ila' which at low .temper-
atures “essume’ the form 6f paraffin/oil.paste snd which is first recognised
By the-cloud: point of the 0il eroase mainly from sttempts to draw . conslusions
from viscosity measurements below thetir setting points as:.to their resl
flowing and low temperature behaviour in practice when. starting en ebgine.
®ith the exception of the "Sohwaiger? visgometer which todey perrits ue ‘
0. dray rensonatle conglnei~ns BR tn:the hehaviour of & pArsLFia=bate ALl 7T T
ot low temperatures up to & maximun of -2000 there are no reasomAblie ©zasurs
"“ing méthods for oil’or oil-paste viscosities at-low ‘temperatursa balow the. -
satting point. of am oil. . 'We give as ocounter avidence®ehe erroneous
opinion outlined above the exemple. of the old winter-oils mentioned
previously pnd the -partisl resulis so fer ‘obtaingd from starting tests
with the mew winter oils which vere made fer below the ‘setting-points of
“the oils in question. - E.g., on 8~oylinder Horch engine was started
without difficulty with a new winter bil not diluted st -28°C. having & . .
settingz-point of .~16C to -1BOC. The engine hsd a cold start stendard

!






