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©PART I
" STUDIES ON STANDARIZATION OF
AVIATION GASOLINE IN WAR TIME

, by
Chem. Eng. Lt, Comdr.
H, HOSHIMIYA

““Research Perlod: 1943-194L

SRI4ARY

To supply a large quantity of aviation gasoline the chang-
ing of the specifications of the gasoline was attempted.,
Various samples from Sumatra and Borneo orude olls with
various distillation curves were tested in full size air-
craft engines. The engine performance showed. that the
temperature.of 50% and 90% distilled point could be raised

- $0 -115=1259C - and- 180=2000C .from. 1059C and 1509C respec-
tively, and thus the production of aviation fugl greatly
increased, but the octane number of the. gasoline was low-
ered about 0.2-0.8 with every one percent increase of gas-
oline from the crude oil, due to the low octane number of
the high boiling fractions. :

To prevent the lowering of antiknock property it 1s neces-
sary to uge aniline, tetraethyl lead and oxy- and 0xo-
compounds, !

I.  INTRODUCTION

It is obvious that there was a great demand for aviation gasoline in war time,
However, it was difficult with ~the transport capacity and materials available
to increase the aviation fuel supply by increasing plant facilities. :

Therefore the author tried to increase the production by means of chengggg
fuel specifications. .

A. Presenbmgpepigicap;on;'pflvolatility for navy aviation gusoline
follow: ) .

Vapour pressure ..................,................'below 0.6 kg/om?

Distillation Characteristics
TNIELAL Dbe eessseocsssasossoscaccssnssssssssssssvacssasy below 60°C
veessesesesssss below 800G
weesess bolow 105%C
G0% sevossscransessnssntosssssasrcrsasssvsnces .. below 15090
OT% eveorcoasniossaasnossasssossnsassasssssersans .. below 1700C
Sum of 10%, 50%, 90% eeteeccroesnassssasssenssasinssrsens OVOT 260°¢
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8. Relation between vapour pregsure and yield: -\hen the

is higher then a certdfh-ljmit,;‘ﬁETfqugpigeWIETEBBEéHff,a
tion in the fuel pump or .cs Uratozby—infiuenee-of~temperatur \ =

on the ohher'hand;;highenivgp‘uﬁ'pﬁeééuﬁé“gabbhiné'E&é higher enti-.

VAPOUr pressure
6. vaporiza-. ..

sure. .bress .

knock and better starting“qualitk?‘ﬁThéreforq,;ﬂt,ip necessary to attempt
—the ‘cooling Qf,fuel.»PTBSS“¥1ZiRG;g§~f4qlétan&-apdrthg:uae_of~a~submerged~‘
fuel pump, ‘electrically driven:: itk

, _  T8lationship-of vapour pressire, oce
tane number and yield. of gasolind ig- i .3?'

showr 'in.Table I(B)24, for, as an

example,  isobutane B"?_%BOngﬁanq.‘; . e
) “aéw.fT#BLE;i(éf?;iﬁ‘:‘”“”x i “ﬁmin;“”.wi.”.
| Blended  Vap. Prgss. | Octane No. | Hlended | Vap. Press. | Octane No.
Isobutane ' (lg/em=) ..\ i| Dopeiitans | (kg/cm?2) o
008 | 0.2 835t -t og 0.48 90.0
2.5% 0.39 A 86,00 | 5% - 0.49 50,5
| 5.0% 0.53° 88,0} 104 0.53 91.0
C7.5% . 0.75 17779045 T 209 0.69 92.0
__10.0% 0.87 91.0 30% 0.79 93.4

C. _Relationship between distilletion characteristics and yield of avia-
tion Tuel: DIstEIIatlpn characteristics of aviation gasoline affact en-
gine starting, distribution of fuel, acceleration, etc. It is well known
that the lower the distillation characteristics, the better, but this de

Teats the purpose of increasing the yield of aviation gasoline, :

i The_possible“1ncrease,or‘quant;ty of"aviationlgasoline-rrom-the—four-point»~
method and-the proposed change in specifications of aviation gasoline were
computed. The ylelds of aviation gasoline fractions calculated by the
four=point computation method on 38 crude oils of Sumatra and Borneo are

shown in Table II {B)24.

45 shown in Table II{B)24, the yield or aviation gusoline is limited by
te rollowing percentages ut the four control points:

10% Point
564 Point
90¢5 Point
97% Point

Serescecieeiicecieeiattotecetonrnossacnans 2060
Ceeedeeiiseeiiiaaeees 97.04%

N

seeesssrsnes

®ecsacsssnrsen

- PR

Therefore, the 50% point, -1050C, was the controlling one. Since 1937,
the rfollowing specifications had been used in summer as non-vapor lock
fuel and no accidents occurred. )

Svecification

“"Special 92 gasoline
{ordinary)

(1940 average value)

teteeseecessrsnernaaensss 600 max,
) max’,
max.,
becesessassessssssesasss 1500 max,
seceseesssssasssacasesss 1700 max,
tretereccncnrssrnanses 0,60 kn/omR

Initial point .iuvvveniainnnss 70,69
105 teeteiensassseseervsesses 101,6°C
507 sevesseconsasascnsescesss 115,500
G053 eoerttaroresaracaconnnnes 137.19¢
97 eviireteseiissseceennnes 148,800
. Vapour pressure ..se...... 0,16 kag/cm2

/

AL B LR B I I BN I N NN SR 800

seesiecrsssstsasenasnaes 1050

N
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Orade X ' Yield of four point method YA of : Qotans auaber
ol ’ s 1T ‘10t 51 908 T| 978 | dviation Gasoline |° 0,15 Ph(0sHS)s saded
1 159,68 | se.26 | ss.a2 fsB9e | T -2 *(87,0)
] e | st | sago | shes s0.22 S 8
i‘ 3 12,0 | .50 | a4 | 52.m 3150 . 188.1)
g-v oo 20,0 [ 93,00 |- 6,307 ] s9ce0 - | wsi00 o lagio)
5 92.8 .0 50.70 57.60 - 44,60
1 4 | 13 | 1980 | 21,80 17,350 . 186.3)
12 s2.0 | 2066 | 22.81 | 25.22 20.66 187,01 .-
3] . %00 ] 0.0 22,40 24.30 20,10 81.5)
W | e c|Tinge | 0.0 | 2300 311,80 = {s0.5)
T g 157 [ Twa e [ e | oo 18,20 #5.3)
16 wst | a8 | 220 | 26.50 18,50 T88,0) ‘
17 40.2 16.00 10.40 21,50 18.60 {88.0) |
IS Y 355 | Buao | 2500 | 2700 .40 1.5
20 bLA ¥ L2 .50 | H8% 146,34 {81.5)
n ns- | oo | a0 | 6.0 1.0 150.0)
n W fardo [ 2630 | g0 [ w20 [ o
3 119 12,04 14,54 a.60 (45.5)
I 16.0 12,80 | 15,23 6.1 s
i g ] S | stso | oanco [sage 3250 : (50.4) ;
2% 35 | 20 | as0 | 20 210 ! 183,0)
? n s | 2ot | 3 | 204 204 . .1} ‘
. 1] S5 | 30 | 40| 300 T hw i (90,0} .
R R L T E b Tl e T ma i
n s | k0| 98 | 3.0 3.60 ; (91,0} -
- 2 5.4 330 [ a0 [ 300 3.30 . (92.0 |
; » 18 3,00 460 3.00 3.00 ) (90,0) !
.E N 45 70 460 2.70 2,70 m-_;;w. -
s 3 40 | 300 42 | s.00 ; 3.00 " T —;
% a8 | 22| a2 | a2 522 i 920 - )
) | 2| ser | 22 2.20 | ws
% » 328 | 202 | tees | oance 21.02 ; - ﬁ,
g ] 12 | 1900 | .90 | 19,00 190 : 52,6 !
g 3 o | 1060 | 2.0 | 2680 17,60 92.4 ~:
“ w0 59| a6 | asss | anso 3.30 E na
° a a6 | osse | 09 | e IRTR 9.3 .
a2 35,01 | 0.1 | 1906 | 23,99 s 10.47 51,8 B
o 130 [ 94 | 135 | nn XY ) 52,8 )
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- Therefore, when the*so%“pding wpgaeievqted to 1159C" the author expected
-such a fuel would be used only.for specially built enginasb'particular;x'

~~for~g0tid~4ryontion €3+ .00 thie author tried to calculate the
increase of y! 2 when specifiocations were.modified as''gshown ‘in Table II

given in Table IIT(B)24. .

" The specifications aré
’ ‘ TABLE III(B)2,

I II ‘ IIT
) ' (Pregent '
4 : specifications)

Initial Pt. " 60°C max, 60°C max. 60°C max,
10% 80°C max. | " 900C max. | ' 800C max.

[ 50% 1 115% max, | 1259 max. 105° ‘max.
-90% 1500C. max, . |.-.180°C max. 1509C max.
97% 170°C ‘max. 2000C max, 1700C max.,

Limiting Distillation Factor: =~ =~~~
T 1 7
50% ._ll}'cO'v.'v',lt-lllplil.ODDOQQ/2708 “lll‘l'llt"lt.oo""lc‘ol‘o‘.A;.oﬂ;.o 910.5%
90% severnniiiieinniiiiionnnens B9 veiiiiiiniini T

OB ettt i iiiiiiees O cadennr 5.5%

Average. yleld of aviation gasoline from each oil field is shown in Table
IV(B)24. = - .

By the above proposed modification of specifications, the yield of avia-
tion gasoline increased 25% by the first modification and 80% by the se-
cond modified specification. This represented increased production of
-gasoline of .cae. 300,000 kl-and 1,000,000 k1 per year from the Fast Indies
oil (8,450,000 kl/y), regarding total orude oil, -

D, Degradation of antiknock properties by proposed modifications of
_ 8pecifications is shown in Table V(B)24. Octane numbers would be low-
ered by 1,5-7.4. :

o 'Method of regaining logss of octane number:

1. Increasing the amout of tetraethyl lead.

2., Blending of isooctane.

3. Blending of aniline. ) .
4. Blending of ethanol, acetone, butyrone,diisopropyl ether atec,

332



-RESTRICTED - X:3B(N)-2
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TABLE IV(B)24 . . . ... .
' orato.oty . | ROt R Pirat 4 T 1' , \ .s;°‘;°4t13 4 *
S . Bamples Pragent Yield Yield | Iticroase Yield - | Inorease|’

Toorts suzatza | 5 - |- oos0ar | sec0 | es. | el | s
| rorangtmar v oores e a0ds. et ocaseee o e o asas. | ese | L

Abebu 9 18.88 .2‘1.51 ‘ 12.:9 28.1 48.0

Eangundya 3 258 L 3 38.1 41 820

Jasbi ' 1 32,40 ) 42,00 27.6 52,0 - 58.0
s 2 . a0 1w | wa 124 12.0
|corta (Iim)_ 3 19.24 25.80 34.5 3.3 63.5

Gerta (heavy) 8 3.01 415 30,0 5,49 83.0

Sargasanga | . 2 © 10.40 13.07 25.6 20,9 | 1030

0TAL N . 16,92 24,65 , 18.66

.
TABLE V(B)24
Crude 011 Frosest Oatane Ho. Incg:::'dl.md “8%“ "ﬁi%:::gg"wg!é'g::}ig_nﬂﬁ?
" Yio2d {§) - Yiold (%) ] Yield (%)

Forth Susatra 50,71 §7.5 54.0 V 85.5 69.1 ' Eu.;~
Tolangtmar | 1015 | . 8%.0 g2 | Tene ] T1eas | 8ss
Ababu 18.88 88.2 21.31 86.5 28.1 84.0
Mangunjya 2,58 91.1 3.57 90.0 47 89.5°
Tenby 32.90 90.4 42.0 86.0° 52.0 8.0
| 138} T 440 9145 4.98 9.0 12.4 87.0
Gerfa (1ight) 19,24 Y 25,80 88.5 3.3 1 ‘as.s
Corla (heavy) 3.01 91.5 18 90.5 5,49 90.0
Sangavsnga 10,40 94,0 T13.07 9.0 20.9 T aes
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IT. CONGLUSTONS | . .. . e

First modified 'apeéii’ioaﬂon 1s good ror.:ciomﬁét.plénea évsh in winter.

Seoond.modifioatioh 18»-saﬁ&sraotoxy:sfon:.,uaa« in‘éummer for combat planes by

practical :aeroplane test... Therefore:Japansse naval g oocifiocati of-
gasoline were ‘changed by the first and second moditicgtions (Taggg 3§(§‘)’§2§m

gﬁgiggqtﬁggng».ﬁyigtiqn_ fuels;-modifications 1 and 2, were. suooesafully usad

TABLE VI(B)2l
A87C amd A91G |
Properties | 1939 -3 | . 1944 - 7 1945 = 5
Ffaot.ion_al ’ Modification 1 Modification 2
Distillation . i
Initial Pt. 60°C max, 609C max. 70°¢ max.
104 Bt. 80°C max. " 90°C max. 90°C max. -
504 P, 105° max. 115°C max. 125°C max.
904 Pt., 150°C max. 160°C max. ' 180°C max.
974 Pt. |  170°C mex. 170°C max. 12009C max.
sum of 108, | 260°C min. |  260°C min. 260°C min.
50%, 90% - : .
| Leaded | 0.4 max. 0.15% max. 0.15% max:
i . -
: 2 2 2
. Vapour 0.53 kg/em“——| - 0.6 kg/cm 0.6 kg/onm
Pressure . ’ ' .
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| - ‘vl?'ﬁﬂn;T BT A  ‘_.sl‘.
ENGINE TESTS OF KVI o
""G*’A“S*'OAL;PN*EWV«W-iﬁ'l‘-»H—r INCRE ASED

PETRAETHYL .LEAD . CONTENT

1

by
Chem., Eng. Lieut.
K. TSUNODA

 Resoarch Poriod: 194
~ SUMMARY

Objectives of Project: The objeotlve of this engine test
1s to find the influence of the increased tetraethyl lead
content in aviation gasoline upon the engine performafice
and ignition plugs, and to decide the utility of such gas-
oline as high octane aviation fuel.

‘Significant Results: The author tested the aviation fuels
with the contents of: ~~~..007" 77 ’ o S
totraethyl 168Q vueeesesecscscsosesessons 03 volf. ..

*ﬁ'““**ethylene—dibromide—rTfleOT—lva-and‘lfs_equivalent__~wv

Bhe significant results Were as follows:

1. The aviation gasoline containing 0.3 vol.% te-
‘traethyl lead did not show the same engine performance
compared with the gasoline of same octane number of -
ordinary tetraethyl lead content (i.e. 0.15%j. =

2, Ethylene dibromide acted as an inhibitor of the
contamination of the spark plugs with lead deposits,

but an excess of ethylene dibromide caused the.plugs

to burn, - - ' . . :

INTRODUCTION

A. History of Project: In order to obtain more aviation fuel from & de=- |
finite quantity of the base oil, we have no other way than to degrade the
specification, that is, to enlarge the distillation range. As the result
of the elevation of the final cutting teumperature 1its octane number in-
evitably decreases. Then it is necessary to increase thé tetraethyl lead
content of the gasoline to maintain the sume octane number, but this is
supposed to glve more contamination upon the spark plug. The author,
therefore; :increased the ethylene dibromide content as an inhibitor of the
contamination due to lead and examined the influence of both additives by
long running cngine tests./ These engine tests were done from lay to No-

vember 1944, in relation to the revision of the specification of aviation
fuel during the war time. - . : -
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B. - Key research’ personnel working on project: ‘

Chem:Tag: TIeat. K. TSUNODA
II. DETATIED DESCRIPTION.

A Deécripfion'orfﬁhéuﬁésﬁ‘hbpérétﬁé:2

Engine: Kinsel 4 type single cylinder testing machine made by
ot s Ighikawajima - Alreraft - Company, Ltd T
Cylinder: dLameber seveeecessuesseessseselunranoanssessss 140mn

: gtroke L R R R S NN R NI l50mm
Compression ratio T Y - 19
(Other details: presented blue prints) '

B. Test nrocedures and conditions: ' The -author chose the long~running
{30 hours) engine tests to find various influences of the new fuel upon
-the-engine-performance and the spark plug. ‘Detalls of the condition are
shown in Table VIII(B)24. . . '

“C. Experimental results

1. Physical and chemical prdperties of fuel samples '

TABLE VII(B)24

[ Content of | Content_of ! Distillation Character
Sample | tetraethyl ethylene Octane
lead .dibromide Yo. F. drop | 10% | 50% | 90% | 954
A 0.3 vol.% | 1.0 equiv. | Ca. 92 50 80 | 115 | 160 | 180
B 0.3 vol.#' |"1.3 equiv. | Ca. 91 | 5670 (90" {7130 | 170 | 190
c 0.3 vol.% | 1.3 equiv. | Ca. 97 35 70 | 115 | 150 | 160
| D 0.3 vol.% | 1.5 equiv. | Ca. 96 50 80 | 115 | 155 | 170

2. Performance test

a., At first the author tésted the fuel sample "A™ at lower
and higher power to decide which condition gives. the worst in-
Tluence upon the ignition plug. -
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" TABLE VIIL(B)24 o

L

RN

= ’
iExperi-i
jment No. -

‘Sample | - Brake .-

Revolution-|Boost

" situation of test

. Mo.  Worsepower [~ (RPM) . |(mmig) “Front plug

Rear plug-

b

,:|
ALl 10 ,;;~.,”,1500”f”“v.“250_. hours and then

plug.

1Beganﬁtp-mi§;»
fire after 10

“changed ‘tonew"

In _good con~
dition through-
out the test. |

Began to nis-
) fire after 15
2500 150 | hours but did
= - o 1 not change

the test.

plug.during.. .

Misfired after
10 hours.

Power began to
fall-after 6
hours end it
vwas necessary
to stop the
test after 13

2500 150

hours. e

i In good condl
2500 150 tion through-
. - | out the test.

2500 150 | Seme &s Exper-

b 50
mentvNo.iq.

_As shown’ in Table VIII(B)24,
periment No. 1: 350mm boost ana

which was” supposed to

il the ouse of" iower power (Bx-
1500 kpH) the frout plug
be kept at lower temperature than the rear

one began to misfire after 10 hours by the contamination with

lead deposits but the

rear plug which was supposed to be in mod-

erate temperature was in good conditions during the test.

- In the case of higher power (Experiment No.

2: " 150mm boost &nd

2500 RPM) both front and rear plug begen to misfire arter 10-15

hours.

From theso facts the author supposed that in the former

condition the misfiring was not due to the increased contents
of tetraethyl lead but perhaps to the lubricating oil as the’
cylinder was kept at relatively lower temperature, and if the
cylinder temperature were kept moderately high it-should be

free from any contamination throughout the test.

Therefore the.

author decided to examine following fuel samples under condi-

tions of higher power outout.
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b.. The authb_r té_sted samplé_-}'B" in which the content of etlv'l7

ene dibromide was:1.3.equivalent-in-order to prevent misfirin

~orthe prugT T In tHis oase the engine power began to fall after

. 6 hours’ and -the teat.was stopped after 13- hours due to low -

- horsepower. ' As shown in Table 7, Enclosure B-24, this fuel -
sample had lower octane number compared with another sample,
_This was perhaps due to the-character of. the bage. gasoline, . so
that the author used samples "C'" and *D" which were prepared to
have nearly same octane number, ‘
6. In the test of the sample "C" which contained 1.3 equivalent
ethylene dibromideboth plugs were in good conditions throughout

—the test -that i3, the contamination was small and the center

pole of the spark plug was only & little burnt,

d. ~Then we increased the content of ethylene dibromide to 1.5
equivalent. In sample "D" both plugs were in good condition.
ﬂ' " that 1s, there was no perceptibie centamination, "but the center
- _pole of the plug was considerably burnéd. T

III. CONCLUSION

.

Although only & few. experiments were made and definite obnclusions'could not
be drawn, it could be said at least as follows: cL

‘A.  Aviation gasoline whioch contains 0,3% tetradthyl lead does not show
"the correspondent engine performance with its octane number. - For example .
- sample "B" has 91 -octané number but it cannot pass the engine endurance . ..
test. Our original purpose was to gain such fuels that_hdve 91 ooctene
number and corresponding engine performance with their octane number,
Therefore the effort to get new specification by means of enlarging the
distillation range of gasoline was negative from the. standpoint of the

.engine performance.

B. Then the first purpose of the test program was changed and only the
indluence of ethylene dibromideas an 1nhibitor was examined by using high
octane number fuels which were endurable for long-running engine. tests, -
and having regular specification boiling points, for example, sample "Cn
and "D". From these results of test, it could be concluded s follows, .
when tetrasthyl lead content vas increased from 0.15 vol.% to 0.30%, the
sultable equivalent of ethylene dibromide was 1.3, '
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