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The -Japanese fleet air arm utilized & combat aviation gasoline .of 91 .
or. 92 CFR-M-octane number exceptsduring the last months of the war when con-
cessions in quality became necessary to maintain supply. . Aviation fuel of 100
octane number was made,only in experimental quantities.

Considerable research attention was concentrated by the First Naval
Fuel Depot, OFUNA, on developing a wide variety of processes, including alkyl-
ation,-isomerization polymerization, hydrogenation, catalytic reforming and
catalytic cracking, for manufacturing iso-octane and other high octane blending
stocks. Commercisl scale installations were made of all these processes, with
the exception of isomerization and catalytic reforming. - Particular ingepulty
was demonstrated in the development of a large cormerclal plant for ginthesis
of iso-octane from acetylene derived from calecium carbide. The reseerch and
development work of the Japanese Navy played a leading part in thegﬁrquh of
the growth of the aviation industry in Jepan. : T SO

: . : e :

" Complete facilities were installed et the First Naval Fuel Depot,. .
~OFUli4,-for the service testing.of-aviation. fuels and :lubricants, including full-
scale aircraft engine test stands and an elaborate high-altitude low-tempera-
ture cold room. HNumerous special fuel blends, dopes and anti-detomants were

‘tested, and fundamantal combustion studies were made.

E ‘although in the last year of the var frantic efforts were made to

utilize various. substitute aviation fuel sources, expecially alcohol and pine
root. 0il, none of these materials, and no dopes or anti-detonants other than
tetra-ethyl fluid were actually used in combat aviation fuels; however, ethyl

alcohol wus. used for training purnoses.

NTJ+L-X-38(N}=2 ...
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- Location: of Target: " _
First Naval- Fuel-Depot, OFUNA, Kanagawa Prefecture.
lFirst'Naval'Technlcul'Depot; YOKOSUKA. ™ ™ :
- Third Naval Fuel Depot, TOKUYAMA, - e

Army . Fuel Research: Institute, FUCKY, -
Kyushu’Impériﬁrﬂﬁﬂﬁéiéity, FUKUOKA, Kyushu, -

.Jabanese Personnel»Interviéw?d;m“w,?mm_w,f:,nwr..,W“;W‘w,_mm,

.X. NAKATA, Engineering Commander, IJN, Head of Aviation Gasoline
. Testing Section of the First Naval Fuel Depot, Specialist in
Combustion Research.. o T
H. FUJIMOTO, Ph.D., Engineering Conmander, IJN, Head of Cracking and
Dry Distillation Sections of the First Navel Fuel Depot.
Y. YAMAIOTO, Engineering Lieutenant-Commander,-IJN,.Head of Hydro-
*  genation and Gasoline Blending Section of .the First Naval Fuel
: Depot. o :
H, HOSHIMIYA, Engineering Lieutenant-Commander, IJN, Research Chemist
‘ _of the First Naval Fuel Depot, speclalizing in aviation fuels.
K. SONE, -Engineering Lieutenant, IJN, Research Chemist of the First
- ‘Naval Fuel Depot, specializing in hydrocracking. .
- T. KONDO, Engineering Ceptaln, IJN, Head of Aircraft Engine Test Sec-
tion of the First Navay-Technical Depot. -
I. VATANABE,. Engineering Rear-Admiral, IJN, Superintendent of the
- Third- Naval Fuel Depot, } .
I. LOTOYOSHI, Engineering Captein, IJN, Chief Zngineer of.the Thirg- -
“ 7 Naval Fuel Depot.” - : . .
KIROSHIMA, Ph.D., Professor of Chemistry, Kyushu<1mper1al University,
Speclelist in the Chemistry of Rubber. ‘
N. NAKAHARA, President of Toa Nenryo K.K. (East asla Fuel Co.),-=< " ™
closely associated with Ghe development of catalytic cracking
- in Japan. . . '
S. NOMURA, The Nomura Office, TOKYO, one of the foremost petroleum
- executives in Japan.
+~Regearch Assistants of the First Naval Fuel Depot, whose names are
ncluded in individual Japunese reports submitted es Enclosze B,

Referenced Japanese Reports:

"Technical Notes on Research Work",. Army Fuel Research Institute;.

. FUCHU, -~ .- - :

"Development of Catalytic Cracking in Japan” by N, NAKAHARA. Sub-
mitted as Enclosure C of NavTechJap Report, "Japanese.Fuels and
Lubricants,, drticle 10 ~ Miscellaneous 01l Technology and Re~ .
fining Installations"”, Index No. X-38(N)-10. \

t
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One of the 08t uressin& problems conrronting the Japanese throuphout
the war wvas. thut of maintaining an aaequate supply. of aviabion pasoline in the
fuce of insufficient ‘resoures and equipment. :

. Tiiis rcoort suamalizes the findines of the retﬁoleum Section of .the
U 5: Naval 'Pechnical lission to- Japan relative to aviation gasoline research
condugted by -the Japanese Havy at the First Naval Plrel Depot, OFUNA, supple-
- mented by-.pertinent. information obtained:-from- other-&aboratories -commercial:
nlants and naval installations. There is included i@'mhe~rép0rt a discussion
of the- rnethods used in manufacturing aviatiqn: gasoiine Biése. stocks. from non-
petxolaun sources, the developnent of aviation gasoline blends and dopes, and
she service testing of products in aircraft engines. Changes in avietion gas-~
oline snecilicutions necessitated by the decreasing supply of raw material are
described. There is also included e discussion of the fundamental engine com-
bustion resuurch conducted by the Jupanese Navy.
Detailed reports of the aviation gasoline reseurch projects investi<
gated 2t the First Laval-Fuel Depot have been prepared in English by the tech-
. nlcal personnel of the Depot and are included in this report-as inclosures {B)1
“to (3)3%, inclusive. A suamary of thirty-four of these reports has been pre-
pared in znglish by Chemicul ingineering Lt. Commander Il HOSHImIYw of the
Japenese Ngvy und. is subnitted herewith as Enclosure (A)..

Since all of the research files of the First Naval Fuel Denot were .
burned. in susust 1945, by order of the Superintendent of the Depot, it was nec-
essary to recall the Japanese personnel to reassemble this information from
~leboratory notebooks and available records, ~The nreparation of reports and -
drawings continued for a period of nearry“fg;ée months, during which time each
. Japunese author was frequently interrogated and assisted in the organizaticn
Lnd transletion of his reports by the Petroleunm Section of the U., S. Naval

Technical llission to Jepan, The materiel, which is submitted as Znclosures (4)
and (B), constitutes an integral part of this report, and althousgh it may in-
“clude minor errors in construction-introduced in the translation by the euthors,
it does serve as an accurate indication of the quality and extont of the avia-
uion Fasoline rescurch conducted by the Japanese Navy,



T ﬁ?ﬁrt~L" S T‘Tffl ;N’H. “:j‘ i.;xu.ﬁ v
. MANUFACTURING : L

1%e

. MANUFACTUR (¥ AVIATION BASE STOCKS TRUL ¥BTROLU SOURCES. -
1.  ,Di§t1iiét£on of ‘Crudes L e ,

‘Company. Adlabatic reactors

' The standard military combat aviation gasolines up to 1944 were 87-92 CFR-
' M octane fuels containing a maximum of .0,1 volume per cent of tetra-ethyl

lead. (see Table k4 for.-a:list.of Navy combat:.aviation.gesoline specifica=-. ..
tions). 7These fuels were made from light naphtha cuts from selected crudes,
or by blends of straight run naphthas with 1so-octane and hydrocracked .

Lenantons, oo .

Prior to the war substantial quantities of aviation gasoline, aviation

blending stocks and selected crudes containing aviatiod grade naphtha were
imported from foreign sources, especially the United States. It has been
estimated that some 7,000,000 barrels of aviation gasoline and the equiv-

“alent of 14,000,000 barrels of aviation naphtha contained in-erude oils, -

were imported during the period 1937-1941. Kettleman Hills was the crude
imported in greatest volume. After Pearl llarbor, aviation base crudes

. were obtained from Borneo and iorth and South Sumatra, including such -

fields as SERIA, SANCA SANGA, NIRI, ABABU, TALANG AKAR, and DJAMBI.

Japan's domestie pfoduction of crudes contaixfing high octane aviation
naphtha was very limited. une such crude is known to-be Omonogawa, from
the AKITA field, which contains some 17% of naphthe of 76 octane number

{92 with 0.1% T.E.L.). .

As the supplies ot high quality crudes dwindles in the latter stages of

.the war, Japan was forced.to shift emphasis from the preparation of avia-

tion gasoline by simple distillation of crudes, to more complicated pro-
cesses for converting gases, gas oils, and low octane'naphthas into suit-
able high octane blending stocks. .

24 Cathytic Cracking and «eforming

* Although catalytic cracking studies were initiated by thé Tokyo Imperial

University in 1934, oot much attention was given %o the process until after
announcement of the Houdry Process in America.. Attempts to purchase 1i-
censing rights to the Houdry and Universal 0il Products Co. catalytic
cracking processes in 1939 failed dus to the ioral xZmbargo, and strenuous

_ efforts were made thereafter to develop a satisfactory process in Japaa.

A catalytic cracking pilot plant of 25 barrels per-day charge capacity'waéi
completed by the Navy at UFUNA in September, 1942. This unit was based,
at least in part, on the Universal vil Products Company's deslign, and uti-

" lized a Japanese activated acid clay catalyst which was found to.be supe-

rior to the U.0.P. synthetic %atalyst as manufactured by the Nippon 0il
ere employed and the-catalyst was regener-
ated by circulating flue gas with oxygen coatent controlled to 2=6%.
Cracking fests on East Indies crudes were continued until January 1945,
when tests were started on pine root oil fractions {NavTechJap Report,
"Japanese Fuels and Lubricants, Article', - Pine Root 01l Program,” Index
No. X-38(N)-4; rnclosure (B)5). On the basis of pilot plant data, the
Navy started construction of four 2,000 barrel per day catalytlc cracking
units, two at YOKKAICHI and two in FORNOSA. Of the Units at YOKKAICHI
one unit was completed and produced 10,000 kiloliters of aviation gasoiine

4n 1944; the second unit, although completed in 1945. was never operated,

1

‘9
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.due to. lack.of gas oil.charging. stock,. The-two:units at FORMOSA were not
~completed by the end of the war,' The Japanese Army constructed a 3,000
barrel _per day. unit_and_also unsuccessfully attempted modification of. a
thermal cracking unit at- its HARIFU refinery. . The Toa Nearyo 0il Company
also began, but did not comptete,.construction of a 3,000 barrel per. day

2 ~ A A A T8 dddtio a0~ these—larger-uni tes—the~Nippon~cti~com=
pany and Showe,(il Company were reported to héve coanverted a total of ..
three "thersial; cracking units to'catalytic cracking. These units were
small, about 150 barrels per day charge capacity, and it" was reported that
operations were’ not highly suceessful., = ... : K :

In connection with the pine root oil program, it was planned, in 1945, to

erect some 21 small catalytlic cracking units each having a charging ‘capa- .
“relty ‘of 10kl to” 30kl ‘pér day of “plie rgot oil fraction, yielding about
235 per cent of 90-92 octane, {0.15 vol, % T.%.L,) aviation gasoline. None
-of these units'wure completed, however., » =~ -~ . .

No evidence of research studies or industrial application of the fluid
catalyst cracking process was encountered. ‘ : Co

Some catalytic reforming investigations were made by the Toa 0il Company,
but no industriel applications were reported. .The Japanese Navy.at .CFUNA
‘made extensive studieg in 1945 of small simplified catalytic~rerurming .

units to process pine root gasoline-of~185°C. end point, ylelding 50-60%

of 93-94 octane (0.15% of T.E.L.) aviation gusoline (NavTechJap Report,”

Index No. X-38(N}-4, Enclogures (B)5, (B)6). Japanese acid clay was used
. as the catalyst ln these units. ‘ e

In spmmary;-the’ﬁapaneée'cqta ytic cracking-hnd reforming processes were
" late in their commercial application, and no significant amount of avia-
tion gasoline was produced by these methods. RS ’

3. Hydroeracking | "

The Japanese Navy initiated autoclave tests®in 1935 on the high pressure
hydrocracking of mineral oils, in conjunction with the coal liquefaction
progras. In 1940, continuous pilot plant studies were undertaken with
euphasis on producing 92 octane (0.1 vol, ¢ T.E.L.) aviation gasoline froa
high and lov temperature tar and from .ast Indian crudes. In 1945, the
hydrocracking of substitute oils from pine roots, soya beans and rubbér
were investigated. Typical pilot plaat results are given in Table I.

" Details of the above experiments are given in inclosure (B)16 (Parts l?é);

{B)18, and (B)15 of this report, alsc NavTechJap Report, Iandex No. X-38(N)
-4, Znclosures (B)7, (B)S.. - ' . i
A number of commercial scale hydrocracking plants were installed in the
Japanese Zmpire, A tentative list o1 such plants, based mainly on infor-
mation secured from the Teikoku Nenryo Coapany in TOKYO,:1is given in Table
II.. All of these plants were ‘besed primarily on the Navy process using
Ni0-i{003 catalyst and operating at 200 atmospheres and 400-450°C,, with a
space velocity of 0.5-1.0. .

- o Voo .
A related process suctessfully operated for production of "aviation 5880~
lines was the hydrogenation of cracked gasoline, accomplished at 100 at-
mospheres, and 33C-3509C., using a NiO-acid clay (50:50), or a NiO-Moo3-
Mg0 (14:43:43) catalyst, A plant of this type was first installed at
TOKUYA4iA "about 1637 (NavTechJap Report, Index No, X-38(N)~10, Eaclosure F).

Although firm production figures viere not obtained, it is fairly evident
that hydrocracking of oil and hydrogenution of gasoline were the most suc-
cessful processes {n Japan for producing high octane aviatlén stocks (ex-
citzive of simnle distillation of ‘¢érudes), insofar as actual volume of

110



‘production-during. the war .was concerned. . Gataiyuc oracking was consid-
ered to be.a more economical process, but was late in gettine, started,

o TableI e ' :
TYPICAL PILOR PLANT HYDROCRACKING TEST RESULTS A
R -l Reaction | Reactibi | Yield of |. CFR-M
| Stock Catalyst ‘Temperature | Pressure | AvGas (%) |Octane With
N R B (7 5 RPN IVC7-0 I R OMTEL~
|High Temperature Tar |MoS3 ~ 470 | 200 255 1792
Low Temperature Tar |HoS3 | 430 | 200 | 50 | & |
Sumatra Keroseme . |Ni0-MoO3 | 420 200 70 87
Omonogaws Gas 041 NiOV-MoO3 S 430 -200 73 89
Oha Gas 011 N10-MoO3 410 200 | 70 92
Soya Bean oi; NoS3. 450 200" 40 85%
Pine Root 01l N10-}003 130 200 50 95
011 From Rubber | N10-MoO, 460+ .| 200 42 92
*Includes 0.15 vol. % of T.E.L.’
s Table II - R
.. OIL HYDROGENATION AND. HYDROCRACKING PLANTS IN JAPAN . .00
Operated By Location No, of Process . AvGas
’ N i Unite Capeoity
. {x1/year)
TAPANESE NAVY ) .
Second Naval Fuel Depot YOEKAICHI, Honshu 2 Korosens nydroomoklng. 2x20,000
. 2 . Cracked gesoline. hyarogen- 2x20,000
I . : o ation '
_. Third Naval !uol Depot j'r_qxuym. BPF“E“ L 1 .| Xexosene hydrocraoking . . 10,000. | .
’ 1 | Cracked gamoline hydrogen- - -1¢,000
ation
JAPANESE ARMY ‘ ]
. Imakuni Refinery . . INAXUNI, Honsbu 1 Korosene hydrooracking 20,000
Shiheigal Refinery SHIHEIGAI (Ssu-p'ing-} - 1 Xorosene or gas oil hydro- untinished
. . Im1) Manchuria. - : ‘ oraoking _
CIVILIAN ’
Toa Nenryo Co, WAKAYAMA, Hoﬁahu 1 Cracked gunonno hydrogen= -t
Wekayama Works . ation B
Toho Kagaku Kogyo Co. NAGOYA, Honshy 1 Xerosens or gas on hydro~ 10,000
: X oracking
Teikoku Nenryo Kogyo ‘UBR, Honshu 1 Low temperature tar hydro-
Ube orks o ) oracking . 10,000
Rippon fukg Kogyo Co. KAWASAKT, Honshu 1 Low cemperatura tar b,ydro- 10,000
Xawasaki Works eraoking
Chonsen Jinzo Sekiyu AGOCHI, Korea - 1 Low temporature tar or koro- DTN
© Co. Agocht Yorks - o sene hydrooracking e
K¥anshu Jinzo Sokiyu PUIAUN, . Manchuria T Low_temperaturs tar or koro- 5,000
Co., Fushun Works S 1. sone hydrotracking '
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tion of isorparaffins, starting about 1937.. At this time a program was. [T
initiated for the preparation of iao-bugane;rromﬂn-butane, for-usedn. .

’ TﬁéVJabahéséLNavy~¢onducteu‘regearoh.experiments at Bfuﬁa38h"£hé‘pfbdﬁb:”f“‘

T Tt 6
charge capacity was operated at OFUNA from 1942-1944. . This unit was baged
at least in_part, on gbservations of ‘& Dutch:plant.in PALEMBANG, and uti~
lized AlCl3 catalyst supported on acid clay with'operating“ébnditibﬁs'of
110°C. ‘and”15~20 ataospheres. A research’ study also was made of the pro-
-duction of 1so-butane by oracking Fischer-Tropsch condensate oil in the
presence of AlCl3 {Enclosure (B)3). EETE - -

e .

The synthesis of high octane isomeric hexanes from pinacone and JHinacoline,
and by isomerization of n-hexane were studied (Enclosures {B)4 and (B)5).
In this connection the manufacture of acetone from acetylene was investiw
gated as a source of pinacone and pinacoline (Enclosure {B)12).. Synthesls
of lso-dodecane as a high octane safety fuel was also studied (Enclosure
{B)4, Part 2). K . .

No evidegnezgfﬂthe-1n&ﬁ§§rial application of isomerization or synthesis of

- --.any high-ooténe isomeric compounds, other:-than iso=pctane, was obtained:

B.  LANUFACTURE CF ISO—UC?ANE

by : ]
1. Synthesis From C; Hydrocarbons

The synthesis of lso-octane in Japan was accomplished by two processes,
alkylation with iso~butane, and polymerization of butenes plus hydrogena-
tion of the dimer. Hesearch on polymerization of butylenes was carried on
at OFUNA during the period 1937-1945 (Eanclosures {(B)2 and (B)10), As the
result::of.-this work-a catalyst-composed-of--BaS0,,-acid-olay and H3PQy-din

" the ratio of 80:5:15 was doveloped and used at TOKUYAMA and other plant.
installations in JAPAN for polymerization of butylenes at 150-170°C, and
L0 atmospheres (NavTechJdap Report, Index No. X~38(N)-10, Enclosure ¥), It
was claimed that this type of catalyst had better activity and seleotivity
than standard U.0.P. catalyst, E . :

Some studies were also made on catalysts and optimum conditions for hydro*’_
genation of the butylene-polymer (Enclosure (B)10, pages 41-50). The hy-
drogenation step, as 8erformed in the TOKUYAMA plant, utilized a nickel -
-oxids catalyst at:200°C, and five stmospheres pressure. o7 o viws B
Research studies oa the alkylation of iso-butyleme with propylene and n-
butylene in the presence of concentrated H2S0; were made at OFUNA during
the period 1939-1942 (Enclosure (B)8). .- A pilot plant based on this pro-
‘cess wag also constructed. o : o

\

A shortage of C,. hydrocarbons caused by the small crude throughputs and
limited cracking capacity of Japansese refineries, prevented wide scale
application of iso-octane synthesis plants. Alternative sources were
sought and successful processes were developed for the synthesis of buty-
lene from butanol and actylene. Available data indicate; that only one
alkylation plant was built in JAPAN, -- a 2,000kl per year unit installed
at YOKKAICHI in 1942, Installations of butylene polymerization~hydrogen-
ation plants were more numerous. The largest plant was installed by the -
Korean Nitrogen Fertilizer Company at KONAN, Korea, with a rated capacity
of 30,000kl per year of lso~octane, operating on butylenes from acetylens.
Actual output was 'substantially less thaa this, probably around 10,000k)
‘per year. The next largest plant, located at YOKKAICHI, was designed to
produce 10,000kl per year, operating on butylenes from butanol. Actual
output of this plant was reported as negligible, however, due to shorteges
alned from Formosa, A large installation, for
producing iso-ootane from acetylene (derived from natural gas by the are )
VT

Cews
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Fuel Depot at SHINCHIKU in inniidei, .

.The remainder. of the plants in Japan were much smaller,  in the range of
200K1 to 2,000kl per year,. all.of which operated on butylenes. in refinery
—eracked~gasesy—Ihese~smatjer-prants-reported-to-ve-in-exlstenos tAcIuded
-one unit’ each  at TOKUYAMA, MARIFU, TSURUMI and KAWASAKT, as well as an

additional small unit at YOKKAICEI. K o S

" process) éﬁd7frbﬁ‘5ﬁiah61'was'aleo under‘cbngtructipn~at‘the;sikth“NaVal -

There 1is evidence that the actual total production of iso-octanc in the
Empire d1d not exceed 12,000k) per year. In any event,. the amount pro-
“duced was insufficient to permit production of 100 octane gesoline in any

nore thﬂn»experimgggglmquqnyitigs,,wThavigrgempulk,of-the_1sd—octane, both ..
~ imported ‘and 6f Vapanese manufacture, was used in the blending of 91 and

92 octane aviation fuelg. .. S o

2. Produetion of Butylenes

. Several alternate sources for the production of butylenes to be used as
the raw materlal~for iso-octane manufacture were investigated, and some of
these sources were applied commercially., - The dehydrogenation of n-butane
using.ad.aluminum.oxide~chromio acid catalyst-was studied briefly at-the
First Naval Fuel Depot .but was discontinued because of the searcity of

cracked gas (Enclosure (B);).

Before the war, elaborate plans were formulated for prodﬂcing butylenes
from n-butanol.  Fermentation plants for the proauction of butenol from. °
sugar molasses and sweet potatoes were erectéd throughout Japan. These )
plants were intended to provide sufficient butanol for the production of
100,000k): per year of iso-octane, but by 1944 ‘they had all been converted
to the production-of ethyl alcohol because of the serious shortage of avi-
ation gasoline and the higher ylelds obtained-in-the ethyl alcohol fermen=-
tation process. Details of this alcohol program and the related research
projects studied by the Japanese Navy are described. in the NavTechJap Re~
port, "Japanese Fuels and Lubricants, Article 3 - Naval Research On Alco- .
hol iuel", Index No. X-38(N)-3.

It is of particular interest that the largest 1so-octane plant in the Jap-
enese bmpire utilized butylenes synthesized from acetylene., Construction .
of this plant was begyn in 1937 by the Chosen Chisso Hiryo K.K. (Korean
MNitrogen Fertillzer Company) at KONAN, Korea,. and had a design capacity of
30,000k) ‘per yéar of isc-cctane.  The acstylene was obtained from calcium
carbide, a method particularly attractive to the Japanese in view of abun-
dant supplies of coal and hydro-electric power. Research pertaining to -
this process was continued by the Navy, in cooperation with the Korean
Nitpogen kertilizer Company throughout the war. . -

', Construction of another iso-octane plant utilizing acetylene was started
“at the Second naval Fuel Depot, YOKKAICHL, but was never fully completed.
‘the acetylene was to be prepared by the cracking of refinery gas using an™~
el?ctric arc process, details of which, are given in knclosures (B)l4 and
(B)15. : . :

. The synthesis of iso-~butene rroh acetylene procaedeé through the following
steps: ’ :

{a) The preparafion of acetéldeh&de from acetylene using a dilute
sulfuric acid solution of mercuric sulfate as catalyst. 4

v,

(b) The preﬁaration 6f crotonaldehyde from acetaldehyde using the
aldol condensation method and subsequent distillation,’

13
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c.

(o) The preparation .of butanol. from crotonaldehyde using a.mixed
N10-Cu0 catalyst supported on-diatomaceous earth (Ni:Cu=1:3).

(a) _The dehydration of n-butanol to n-butene using an activated Japi\

. anese acid clay catalyst. . . . . . :

(e) TIsomerization of n-butene to iso-butene at 350°-400°C. using a
phiosphoricl acid catalyst supported:on charcoal. . A

The fesearch conddctqq,by the Jgpanese Navy relative to each of- the above '
steps is described in‘detail in Enclosure (B)10, .Une of the major draw-

" backs encountered in the commercial application of the process was attri--
‘buted to the loss of mercury catalyst in converting acetylene to acetalde~
hyde, especially in view.of the scarcity of mercury 1h’ Japkn? *'To ciroum- "

vent this difficulty, other methods for effecting the conversion were
studied (Znclosure {B)13). Of particular interest in this connection are
the pilot plant studies relative to the methylation of acetylene and sub-
sequent hydrolysis of the vinyl methyl ether thus formed. ’ :

The preparation of n-butene from acetylene by catalytic polymerization'to
vinyl acetylene followed by partial hydrogenation was also studied but

: was. not. considered.suitable for commeércial application (Edelosure (B)1l).

THE MANUFACTURE 0F AVIATION BASE STOCKS FROM NON-PETROLEUM SOURCES

The acute shortage of aviation gasoline base stock during the latter part of
1944 necessitated the consideration of many non-petroleum sources for this type
of fuel. -Although the study of most of these 'substitutes never advanced beyond
the. laboratory or pilot plant scale, yet there were two sources for which large-
scale production programs were initiated. These two programs involved the use
of ethyl alcohol and pine root oil previously discussed in this report and des-
cribed in. detail in the two NavTechJap Réports, "Japanese Fuels and Jubricants,
- Article 3 - Naval Research on Alcohdl Fuei', Index No. X-38(N)-3, "Japanese
ruels and Lubricants; Article 4 -~ Pine Root 0il Program", Index No. X-38(N)-i4.

1nvesn1é;cions of the applicatioh ofvadditibnhIfhﬁn:pétrGIeum—sourcas—tu—tte————*‘

‘

preparation of substitute aviation fuels are described below: i

1. Soya Bean 0il

The preparation of gasoline from soya bean oil by cracking in the presence
of activated.Japanese aclid clay had been investigated in Japenese research
laboratories, but the quality of the fuel thus formed was unsatisfactory

for ailrcraft use. In 1944 the First Naval Fuel Depot initiated autoclave
studies on the preparation of aviation gasoline by the thermal cracking of

"soya bean oil. A 20 per cent yleld of gasoline having an octane number of

89 {0.15% lead by volume) was obtained. Complete data are presented in
Eaclosure (B)17. 4 :

In 1945 laboratory and pilot plant studies of the catalytic hydrocracking
of soya bean oil were undertakens. Gasoline having an octane number of 85
(0.15¢% lead by volume) was prepared in 40 per cent yleld using a molybde-
num trisulfide catalyst at 200 atmospheres and 4,20-450°C. Subsequent au-
toclave tests lndicated that tiltanium-dloxide. was a more effective catalys
but no pilot plant data were obtained.: Detalls of the catalytic hydro-
cracking of soya bean\gi} are given in Enclosure {B)18, '

2. -Rubber « ) - o -
In 1942 Japan's supply df natural‘rubber.was more than adequate for hér
needs, and, in consequence; this raw material was considersd as a source
of hydrocarbons for aviation gasoline. Although gasoline was. never pre-
pared from rubber commercially, many laboratories investigated the problem -

14
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during the war period. . . o . Lo et

“In pllot plant studles-at the First Naval Riel Depot, rubber was decom-
posed in @ pipe still, cracked, and fractionated in a continuous unit (Eo~
closure {B)l9). Hydrocracking of the product yielded a gasoline with an - |
‘octane_number of 73: ‘ 2.0dsf 0o 8d--DY-V0 LU Jyrme T B~PPOw—mr

~-duot consisted mainly of naphthenes (41.24) and paraffines (46%) and ap-
peared:- to be suitable as an aviation gasoline, although service testing of
the fuel was never undertaken in view of the scarcity of rubber by 1944,

. 3 e, . . Lo e o i e e e
Similer pilot plant studies were conducted at the Army Fuel Research In-
stitute, FUCHU. -The procedures used in'each of two processes studied are
described as follows: R ’ ‘

(a) Crude rubber was depolymerized and liquefied”at 280°c., under

steam pressure. The oil product was hydrocracked in the 1iquid phase

- using a slurry catalyst, and the middle oil thus obtained was hydro-
genated in the vapor phase to aviation gesoline, The gasoline thus
prepared had an octane number of 91 with 0.15 per cent lead by volume.

{b) The rubber was depolymerized as in mothod {(a), thermally cracked
at azo-aso°c., and the middle oil thus obtained was hydrogenated in
the vapor phase using & molybdenum catalyst., The product had an oc=-
tane number of 95 with 0.15 per cont lead by volume, e

Professor KIROSHIMA of Kyushu Imperial University, who has specialized in
the chemistry of rubber for many years, also studied the possibility of
obtaining a high octane aviation fuel from rubbsr. 4 summary of the sev-
eral different methods lavestigated in his laboratory and the characteris-
tigs of the resulting gasolines is presented in Table III. Detailed re-
ports (in Japanese) of these studies were obtained and are listed in En-
closure (C). —— B
Table III
AVIATION\GASOLIQE FROM RUBBER

(Data obtained from Kyusﬁh Imperial Univefsity) V S

. " mnalysis " I"octane rumber
Uethod o Ykield 0lefines | Aromatics l Naphthenes | Clear- | Leaded
) (We. %) ' Tan , 0.154
L o Peraffine | . |by vol.
Dry Distillation o T 3 2 | 30 28 15 7
Dry Distillation followed by oata- | o
.| lytic oracking with acid clay . 31 12 217 : 61 8o 85
~.{ Dry Distillation in presence of ’ - o o
¢ Alrglj o . 25 14 24 62 15 88
Dry Distillation in prenmi:oo“ot,k . ' . S
‘| A1C13 . .followed by catalytic oracke
A ing %ith'uqiq olay ‘ 45 5., 8 1 90 |. 94
Hydrogenation' using Ni0 catalyst T :
at 4509C, and 100 atmospherea 48 2.4 37.3 . 59.3 81 |. 96

3. Other Sources

During 1945, the Army Fuel Research‘lnstitute tested several other mater~
ials as possible sources of aviation gasoline. Although these were only
laboratory studies, it is of interest that such substances as camphor,
camphor oil, birch bark, pine needles, and orange peel were considered.

~ .
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SERVICE .TESTS - -~ - R

A.  ENGINE TEST FACILITIES AT THE FIRST NAVAL FUEL DEPOT, OFUNA .

T SinETe CyIinder aad Fill=Scals AIFerart It TRGTG5EE
v Sing ¥ ) 1=Seale AIrGralt Fngino CELE)

Engine test facilities were installed at the First Naval Fuel Depot in
1942 1n order to examine the service performance characteristics of avia-
tion fuels and lubricants. Up until this time, the service testing had
been carried out at the First Naval Technical Depot, YOKOSUKA, and the new
installations at OFUNA were added to provide a more coanvenient meéans for
the study of aviation fuels and lubricants in connection.with research.on
manufacture. The test equipment comprised one laboratory equipped with
several -single-oylinder aircraft engines, and two separate test installa-
tions for full scale multi-cylinder engine work. The engine tests were
supported by two other laboratories, one equipped to-carry ot analytical
tests of lubricants, and the other for the chemical testlng of fuel, and
C.F.R. Notor Method octane number determinations. There was no evidence
.in the Japanese Navy's research of any routine testing in C,F.R. type en-
gines of anti-knock properties of fuels under rich-mixture conditioans.

The single-cylinder and multi-cylinder full scale test installations are
described in Enclosure .(B)33, and thé tgst-operating methods are discussed
There full scale stHfdd were.well laid out, soundproofed, and.seemed to be
comparable to American.standards., .Detalls of the single-~oylinder and aul-
ti-cylinder engine installations are shown in Figures 1 to ll. Special
attentionis. called to Figure 4, which shows the design features of the

. ‘"KINSEI", No. 4 type, single-cylinder, variable-compression ratio, coun-
ter-balanced airoraft test engine manufacture by the Ishikawajima Airoraft
Company, Ltd. : ‘

‘In detonation tests in aircraft engines, the maximum ellowable boost and

‘ corresponding horsepowers were determined over the useful range of air-

fuel ratio, using cylinder head température and exhaust flame color to in-
dicate limits due to detonation. _— ‘ . L

2. Low~Temperature and Low-Pressure Experimental Laboratory

An elaborate high-altitude, low-temperature cold room installation was conr .
_structed to conduct research on fuels, lubricating oils and hydraulic oils
“under conditions up to 20,000 meters altitude and temperaturss as low &s

-559C, This unit was designed by the Ebave Company, Ltd. The cost of the
"installation was estimated to be 2,300,000 yen at the time construction

commenced in Deceamber 1943. " In August 1945, although comstruction of the

plant was well advanced, work was discontinued because of the destruction
of the Ebave Company by bombing, at which time the designer was killed,

and many ot the design details, models, and castings were destroyed.

The plant consisted of two parts. One part comprised the low-temperature
and low~-pressure rooms and refrigerating means, using Freon 12 and Freon
11 as cooling medias, Th#other part consisted of a single-cylinder air-
.eraft engine testing plant designed for low-temverature, low-pressure~op=
- eration. The first section was 80 per cent completed, but the second sec-
tion reached the design stage only, except for the engine foundations.
The plant is deseribed in Enclosure (B)34, which include detalled drawings
of the desipn-ifpgtyres, 'refrigeration and carbon diocxide fire extidguisher
systems, and the single-cylinder test installation, -These design data are
included in Ffigures 1 to 5, inoclusive, and were prepared for the Petroleum
Section of the U.S.. Naval Technical Mission to:Japan, The layout is shows
in this much detail in view of the interest in such research in the United
States. = - i :
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B, - WARTINE: MODIFICATION OF?AVIATiQN‘GASOLiNE‘SPEJ‘FiGATIONS..“:”,HL -
'In 1937, the‘Jap&nese Navy's specifications for-aviation nrade .gagolife in-

cluded 92 minimum octane nemver requirement, a minimum of totraethyl lead
icongent of 0,1 ver cent by volume, and.maximum temperature of 1050C,. and

4&60~Gv-at-thea5Q_pﬁlnﬁEi_éEQ;EQ_IEELEE¥E,§%§E£EEEE}on points, respectively.
These svecifications were modified durina the war rEr-attempt—-to—4noreas e ————
thé supply of aviation zasoline,  The original specification and gsubseguent
nodidications are tabulated in TableIV. Signifiocant chanres are discussed
‘below. L ' A ‘
1. Distillation Rénge
with-the ihoreasing shortage of aviation gasolins, tests were injtiated in
the middle of 1943 to modify the specifrications to pernit heavier gasolines
Engine performance tests conducted at the First Naval Fuel Depot and the
First Naval Technical Depot showed that the maximum distillation tempera-
tures for the 50 per cent and 90 per cent points could be rai%ed, but that
in so doing, the octane number of the produot was lowered from 0.2 to 0,8
for each per cent increase in the yield of gasoline from the crude oil due.
to the lower octane numbers of the higher boiling fractions. :

The two alternate specifications investigated are shown &8 Modification
No. 1 and Modification No. 2 in Table IV. Calculations based on the pro-
posed changes indicated an increased yield of aviation gasoline from Bast
Tndies crude of 25 per cént'by the first modification and 80 per-cent by
.the second modification. This represented an inoreased production of 300,
000 kiloliters and 1,000,000 kiloliters of aviation gasoline per year,
respectively, on the ‘basls of expected imports of -8,450,000 kiloliters per
year of East Indies crude oil. : :

Additional service tests carried out at the First Naval Technical Depot
‘showed’ that starting characteristios, when. using liodification No. 1 gaso~
line, were unsatlsfactory at atmospheric temperatures below 10°¢., whereas
with Modification No. 2, aviation gasoline starting problems were eaooun-
tered at temperatures below 209C. To avoid this diffioulty, carburetted
enigines were supplled with five liters of standard aviation gasoline, from
a special tenk, for starting purposes. Furthermore, lubricating oil analy-
ses after using these two fuels under flight test conditions showed 1n-
creased dilution, particularly with Uodification No. 2 gasoline.

With the above limitations, it was concluded that Modification No. 1 was
satisfactory for combat planes sVed in winter: and-thet-No. 2 wes satlsfao~
tory for use in summer. In view of these findings, the Japanese Navy's
gspecifications for aviation gasoline were changed accordingly and werse
used successfully during the balance of the war {Enclosures (B)24 (Part 1),
and (B)25). - S .

2, Qctane Number N s

In 1942 it was found necessary to decrease the specified minimum ootane’
number of aviation gasoline from 92 to 91 because of difficulties in manu-
facturing a sufficient quantity of the 92 ootane fuel. In 1945, coinoi-

dent with the decrease in volatility, the minlmum octane numbep was lower=
ed to 87 fer the summer grade gasollne specified by Modiflcation No. 2.

3. Tebraethyl Lead Content

Engine tests were carried out relative to inoreasing'the tetraethyl lead
content . to compensate for. the loss in anti-knook qualitymauuntionedmiq_jlux

N
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preceding paragraphs. In 1944 the lead content orwaviationwgasoline_was;
changed from 0,10 per, cent to 0,15 per cent . (by volume) to compensate for
this. . The ethylene dibromide equivalent was maintained at 1.0.  Engine
tests were also conducted in 1944 using aviation fuels containing 0.3 per
cent by volyme of tetraethyl lead and with ethylene dibromide equivalents
0f-1,0, 1.3, and 1.5,  S{Fniri i dings-inc&uded—%he—fo%i 3

(a) It was found that in endurance tests in fulléacale‘engines‘using
gasolines of low volatility, as disoussed under Modifications 1 and 2,
the use of 0.3 tetraethyl lead with 1.5 ethylens dibromide equivalent
was unsatisfactory, due to the burning of the plug3wo:s£nu;ipngi§h
lead deposits, causing the engine to misfire after 10 to 15 hours
operating time, . . - ' , RS TR T
(b) Endiirance tests were also made with aviation gasoline of the
boiling range specified prior to 1943, but containing 0.3 per cent by
volume of tetraethyl lead, and it was found that the most sultable
equivalent of ethylene dibromide was 1.3, This finding was of theo-
retical interest only since it became necessary to obtain increased
gasoline production by changing the distillation range (Enclosure
(B)24, Part 2, and (B)26). . : .

L N ~ Table IV o
WARTIME.SPECIFICATIONS FOR JAPANESE NAVY COMBAT AVIATION GASOLINE
(‘"‘ “ate. | pistivietton (% max) | Sim st 104 | Ret4 vapor | Sulfur | Unsaturates Fraozing | Ootens Ko, |T.2,L, |
Eatablished 50%, and | Preosure {1 oax) {1 pax) Polnt . | C.I.R. ¥o- |Voluma
X.B.P. [ 208 | 50% (908 [974 | 50L latn} | (kgfemt £i (% max) tof Kothods {4 rax)
L n
Aviation 1937 60 [8o (105 150 2701 260 PIC T A S U s 22 | oo
yz . ‘“’N . B IR TT Y U . - B - - P— . i
Aviation 11942 60 |80 1105 |50 [170 260 0.3 "1 0 ‘1.0 -50 ) 0.10
128
" fAviation 1944 60 190 1115 160 J170 | 260 0.6 0,1, 1.0 -50 ©on ]l eas
(Iloz. 1) ] SR IR SERN
/msuon 1945 70 (96 |125 {180 {200 | 260 0.6 0.1 1.0 =50 87 0.15
7 . o
(HM' z’ R — I - =l - . - . P R Y

— -

L.  Ethylene Dibromide Substitutes

With the curtailment of imported stocks of ethyl fluid in 1941, coupled
with the decrease in production of bromine from brine during the. same
period, & substitute for. ethylene dibromide became an urgeat .preblen, and
chlorine compoundas were investigated. These studies disclosed that buty-
lene chloride was the most suitable substitute for ethylene dibromide, but
when this substance was used, the spark plugs had to be changed after every
25 hours of engine operation (Enclosure (B)27). . ’

i

SPECIAL STOCKS AND BLENDS s

b,

1.  Aromatics

Zngine tests were carried out during the period 1942 to 1944 .in connection
with thke use of aromatic hydrocarbons as aviation Tuels. These fuels were
produced at the First Naval Fuel Depot and were tested in single cylinder
aireraft engines.at the First Naval Fuel Depot and aulti-cylinder eagines
at the First Xaval Technical Depot. Benzol, toluene, Xylene, solvent
naphtha, and "Benzex" (sulphur dioxide extract from East ladian topped
.sasoline) were lnvestigated. Sigaificant findings included:. .

. (a) Single Cylinder Kinsei Engine T

{1} When the concentration of benzol added to sésoline exceeded
%) per'cent, detonation oceurred: in spite of high octane number

,
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.. 1n anti-knock characteristics (Enclosure (B)31)

as_indicated by. ﬂhe C.F.R. engine. -

(2) - Straight toluene had the best. perrormanoe ‘of the arometics
tested as aviation fuel and: equalled or. Burpaesed 1ao-ootane.

-—-ea%——iy}enevendwhigher—aromatios~gave~good~enti-knookuppopentieer~
but these aromatics had poor volatility charaoteristioe.

(b) Multi-Cylinder Engines (Homare 20, Knsai 20 and Ateuta 20)

(1) "Benzex" and’ solvent naphtha in 85 per cent conoentrations
both were found unsatisfactory because their volatilities were
too low for use even with direct injection engines and the ex-
haust gases from theseé fuels contdlned excessive carbon which ™~
coated the spark pluge with heavy deposits after a few hours
operation. L

(R) ' The aromatics ectually used in aviation gasoline consisted ~
of 20 to 30 per ceat of "Benzex" blended with natural gasoline
made from EAST BORNEO orude (Enclosure (B)22 and (B)23).,  This
fuel was used prinoipally in the Netherlands East Indies war
theater.

2. ng-Compound

In the period 1937 to 1938, research was oonducted on oxy-compounds, such
as ketones and ethers, as blending stocks in lieu of 1iso-octane., These.
compounds were added in 20 per cent concentrations to TALAGIMAR gasollne, -
which had an octane number of 89.9 when containing 0.1 per cent of tetra-
ethyl lead. While C.F.R. engine tests showed the ketones and ethers pro-
mising, aircraft engine tests indicated that these oompounds were defiohxm

.3 Ethxl Alcohol

See NavTechJap Report "Japanese Fuel and lubrioants, Article 3 - Naval
Research on Alcohol Fuel", Index No. X-38{N)-3, Enclosures (B)17 to (B)24,
inclusive,

4. Pine Root 01l Gasoline

See NavTechJap Report "Japanese Fuels eld Lubricants Article 4 = Pine
Root 0il Prograam", Index No. X-38(N)-4, Enclosures (BSlO end (B)1l1).

ANTI DETONANTS AND DOPES
1; Aromatic Amines

The FapaneSe aviation gasoéline octane number {C.F.R. lotor Method) was @S-.
tablished in 1942 at a 91 minimum, and gasoline produced from Sumatra crude
oould not reach this figure with the addition of only 0.15 per ceat by
volume of tetraethyl lead, the maximum amount permitted as discussed 1n
Sectlon B=2' above. Consequently, tests were carried out in regard to the
use of aromatic amines in combination with gasoline produced from Sumatra .
crude and .containing 0.15 per ceant by volume of lead. It was found that
of the aromatic amines tested, aniline was the most suitable and an octane
number of 91 was obtained by the addition of 1 per cent to 3 per cent, al-
though many problems were encountered, such~as the formation of superchar-
ger and piston head deposits, solvent action on the paint of the oll tight
seams and of the cork in the carburettor float, and corrosive action on
copper and iron. Steps were taken to overcome these objections so that
this type of fuel could be used in combat planes (Enclosure (B)29), al=--
though the application of aromatic amines was not reduced to actual prac=’
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2, .Selenldes

\

-"Gice . :

Research was carried. out frog 1937 to 1939. on the use of selénium com-
f-mors~thar10

~—pounds—as-anti=detonsnts-for-

number by the Addition“sf“Such materials. to Stanavo 100 octane fuel.

These selenides were tested in a one-oylinder airoraft engine and thesre-
sults showed that 0.8 per ceat by volume of diethyl selenide increased the
octane number to 112, as determined by the C.F.R. Motor-Method.(by extra-
polation), ‘and increased the horse power in single oylinder airoraft en-
glne tests by 15 per cent., It was. further determined that diethyl selen-
ide was the most desirable of the selenide compounds tested, that it was
not poisonous and did not possess a disagreeable odor, if prepared in a
pure state. This research work was not pursued further due to the. small
amount of selenium available .in Japan (Enclosyre (B)30).

3. Influence of Molsture on Tetraethyl Lead

Following the findings-of J.R. iicGréror, Standard 011 Company of Califor-
nia, tests were conducted from 1942 to 1943 in'a C.F.R. engine to deter-

aine the.effect of the humidity of the air on octane number determinations, -
Thfse exreriments gave the following results:. :

(a) For unleaded gasoline, the influence of molsturs was,wfﬁﬁin one

octane number, ) S
Dl

(b) With leaded gasolines, the influencé‘éf.moiﬁture on octane num~
ber was appreciable, . i : . -

A correcting formula waé eétablishéd for leaded éasolines in lieu,pf using

-humidifiers attached to the-C.f.R. ‘engines in-routine knook testing (En-
. " . :_/.l\ “ ‘ ae .

'A.N\
This

closure (B)32).

: Part III
ENGINE COMBUSTION. RESEARCH

This section of tHe report deals vwith investigations of flame propa-
getion and detonation in engine cylinders coanducted by Engineering
Commander K. NAKATA, LJN, over a period extending from 1933 to 1944,
These studies are included herein because they relate primarily to
avigtion -fuels. ~ = - 7w ua L e : e

The research work was done, for the most part, at the Flrat-Naval—
‘Fuel Depot, YOKOSUKA, and is presented in four papers (Enclosures
(B)35 to (B)38, inolusive), In reviewing these papers, it should be
barne in mind that the Japanese files had been burned and that the
reports were, therefore, prépaisd by Commander NAKATA from some per-
gonal notes and from memory. -

It is belleved significant that the Japanese Navy was sufficiently
research-minded not only to_engage in this field of research in
peace time, but also to carry.on fundamental combustidn studies in
quartz tubes during the heigpt,or the war, .

The four reports on'égmbustion research, are briefly discussed be-
low: ' - '

PHOTOGRAPHIC INVESTIGATIONS OF FLAME PROPAGATION AND DETONATION IN ENGINE
CYLINDERS (ENCLOSURE (B)35) A ' :

paper deals with eiploratory tests made from 1933 %o l935-on—flame—travé;nw

under.detonating.ﬂnd.non-detonating conditions., An air-ocooled 14 hp m=ir
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single-cylinder test engine with water-cooled head was ritted with a narrow )
quartz window; through whioch flame propagation was studied photographically..- A--
film drum was mounted above the engine upon which a standard size_f£ilm was :
wound.. Sodium blcarbonate was used to color the flame. - In .view of the low com-
pression ratio of the engine, knocking was induced by :the addition aof 20 to 30
~PELmCENEm0 bt NY I DL T8 650~ bh O~ LU QI TN O =TT S~ NICT UG et

1. There was no difference in fleme velocity for the knocking and non-
- knocking condition in that portion of the oycle .between the spark position
and the knocking pogition. L e )

2. It was impossible to measure flame.speed in the knocking reglon, as -
here the flame front was always vertical to the time axis. = -

J. - Vertically striped bright flame patterns were observed in the. detona-
tion region. The frequency of these patterns was measured and found to
decrease as the piston went down in the cylinder, presumably b cause of
the adiabatic compression of burned gas due to detonation waves.

" These early flame studies were primarily carried ocut to acquaint the ine
vestigator with some of the fundamentals of..engine combustion and to pro-
vide a basis for further. research in- this fie;d: : o

/

e - '
B. '.ENGINE DETONATION STUDIES BY PIENZO-ELECTRIC INDICATOR (ENCLOSURE (B)36)

In order to determine whether the bright-striped patterns discussed in the pre-
vious section .were due to the adiabatic compression or rarefaction in the de-
tonation waves, research was undertaken to measure the pressure inside the oy~
linder with an indicator of small inertia and high natural frequency. A water-
‘cooled Piezo-electric Indicator had previously been used at Tokyo Imperial yni-
. versity, but its natural frequency was too low. The author developed an air-

. cooled Plezo-electric quartz pick-up unit having a natural frequency in the or-
der of 50,000 cycles per second, and this design (Enclosure (B)36, Figure!3)
gave satisfactory results. A pressure-time diagram was obtained, using an
electro-magnetic.-oscillograph., o

With this unit, experiments were carried out on a numbér of engines, including-
& C.F.R, engine equipped with a quartz window.. On full-scale aircraft engines,’
vibration attributed to'the amplifier tubes occurred in.the pressure line when

the engine detonated. Significant findings included: : Co

~le.o-When:-indicator cards were takea simultansously with photographs of
-engine ‘flame, the number of vibrations on the pressure line was nearly
“twice the number of striped patteras observed photographically in the de-
 tonating flame. In the case of normal combustion; the pressure curve on
the indicator card was smooth, and no striped patterns were observed,

2; " Under detonating conditions the frequency of vibrations was greater
the smaller the bore of the engine used, and this frequency decreased as
. the piston progressed dowaward from the top dead-ceanter position.

No other forams of indicators were built by Comdr. NAKATA, but the French
"Detonindex" indicator was tried. This indicator was .said to consist of a
bouncing pln and induction oircult whereby the EMF prroduced caused a neon
lamp to glow under detonating conditions. o

C.  FLAME PROPACATION IN ENGINE CYLINDERS, STUDIES BY THE TONIZATION METHOD
" (ENCLOSURE (B)37) .

During the period 1935 to 1940 flame propagation in aero-engine cylinders was
studied by the ionization gap method. .This method was utilized in view of the
diffioulty of installing a quartz window ower the head of a full scale airoraft
engine oylinder. ~Tests were made in .the DVL variable compresaion eaglne equippad
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with a Water-oooiediﬁhwucylinder;.pznntnese_tests a‘numﬁer of ‘lonization plugs
were instelled in the:cylinder head and cyligrams Were obtained, which were
converted to rate of propagation by using the time scale recorded on the same

film. ~The following conclusions are of interest:.

.*;Lm_;,Elame.MélnnLtx.is-higheb#with.h{@h.octane;ﬁaela;than;w1th—ioﬁ—oo¥éné--—

fuels. _ o ) . . : :
2. Flame velooiﬂ& is greatly reduced under lean and rich mixture condi-
tioms, -« - ‘ . S C .
3. -~Velbéity of flame propagation is increased with inorease in engine
speed. : > e
k. There is a slight increase in flame speed with increase’in boost

. pressure. : W ’ x , c
5. - Flame frontzis markedly dfstorted by turbuleace.

Commender NAKATA concluded that the ionization gap method 1s well-suited for
investigating flame propagation in cylinders of full-scale aircrart englnes,

D. ?T?Dg?S OF SLOW OXIDATION OF HYDROCARBONS BY ABSORPTION SFECTRA {ENCLOSURE
B)3 : . ‘ N }

In 1938, after reviewing reports. written by Rassweiler and Withrow of the Gen-

eral Motors Research Corporation, Comdr. NAKATA ‘constructed an eéngine fitted

with two quartz windows on opposite sides of the oylinder and a stroboscopic

arrangement enabling flame study at any phase of the engine's revolution by ob-

serving emission or absorption spectra. ~However, in view of the difffoculties

encountered in the engine's operation, this procedure was abafidofied and quartz.

. ‘tube slow oxidation research by absorption spectra was undertaken, using the . .
method developed by Ubbelohde dnd Edgerton. C T

‘Tests were csrried out with various typical hydrocarbons at different tempera~
tures. Hydrocarbon-air-mixtures were used in a mixture strength ratio of 13 to.
1, under both flowlng and stagnant conditions. .The’conclusions obtained ia
these tests inolude the following:

X, Flow Method

-(a) Iso-odtane is .gteble with temperature, but low octane fuel, such
as normal heptane, is reactive with oxygen at relatively low tempera« -
tures. ) . ’ I iy ‘

{b) The oxygen absofption of oyclo-hexane begins'ét a temperature
between that of heptane and that of iso-octane, and the form of ab~
sorption differs from both. . .

2, Stagnant Method A o

(a) Octane numbers of hydrocarbons, except aromatics, can be deter=-
mined by reaction temperaturas measured in a quartz tube.. :

(b) In the.case of normal heptané the appearance of absorption bands
at 2600 A°, called the "U" band, accompanies a depression of pressure
reportealy due vo the trormavion of peroxldea.j“”"“"””"”'"”"“W”‘**‘""W‘"“

(é)‘hfhe'presence of tetraeth&l lead,in-normal'héptane does not sup-
press the formation of the-~-substance causing the "U® band, but does
heve some effect on the spectrum at higher temperatures. .

Yo
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