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AXoohol - (994) ‘ocould be .used for small power-engines; that -
""18,7 300 to’ 500.hp ‘derd-engines with full power rating: "For .
. .large’ power engines it could be used ‘only with'reduced |

powers 1Tl T

" 'Aloohol (84%) hed many troudbles when used in ocarburettor’
engines, but could be used in injection engines at reduced
POMEI e e e T e
Algohol~gasoline fuel (Aloohol(99%) 50% + Aviation gesoline
505 (by vol,)] with the seme octene number es the base gasoe .

line could be used for low power range. ’ : o

It was necessary to inoresse the fuel consumption by 20-40%
for aloohol fuels. : ' o .

‘ In,wiﬁter,'it was nes¢essary to oover enginé ‘heeds to prevent
the misfiring of sperk plugs. :

Aluminium material was corroded by aloohol fuel. Anodie
oxidation of aluninium and addition of sodium arsenite in
- fuel were necessery. .
I. INTRODUCTION '

A,  History of Project

Owing to the shortege of aviation gasoline, tests with alcohol as aviation
fuel were started in May, 1944, in ocompliance with the request of the
Pirst Naval Puel Depot, and efter about one year the test was finished and
the above-mentioned conolusions were obteined.

'B.  Key Research Personnel Working on Projeot

Engo Comdr. K. NAKATA
Eng. Comdr, K. HOSHIMIYA
. Boge Qomdre oo T NAKAYAMA -
Eng. Capt. ,  Te KONDO
Eng. Comdr. 8. s0MA

I1I. DETAILED DESCRIPTION
" A.  Desoription of Test Apparatus

Varipua prectical eviation engines were used for benoh tosta,

Various praotical aeroplenes were used for flight tests.

B¢  Test Procedure and Experimentel Results . .
1'. Aloohol-gasoline mixed fuel testing., First, aviation gasoline
end-aloohol were mixed 1n the following proportion.
Aviation gaso. 87 ootene 50% & alcohol(purity 99% 650% (spec. 87.Hol
Aviation gaso. 85 ootene S0% & aloohol{purity 99%) 60% (speo. 85 Hol

Aviation gaso. B0 ootene 50% % aloohol(purity 99%) 50% (spec. 80 Hoi
Aviation gaso. 70 ootane 50% & aloohol{purity 99%) 504 (spec. 70 Hoi
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_Boverel praoticel sero-engindsVisre operatod With thess fuels—

by L T T A ST T SR .
“Telpuu 10 type 9 oyls.sifgle’: ow' atrogoled ‘300hE mex,boost -50m: Hg.
%émgu\rﬁzo:;'tgé‘, 9 qg,l‘a-aiﬂelq. Fow atitpoled: 500kp ax.boopt+130mm Hg.
Kotobikd2 type 9 oyla.sifigle’ row ‘alrcooled’ 500hp néx,boost+150mm Bg.
Sekae 10 type 14 oyls.double row airoooled 940hp max.boost+250mn Hg.
Kinspi,4Qutyp§14{oy;a.dqyk}q,rqw,ﬂifugg ed1000hp mex,boopt+200mm Hg.

T T T ronialoal o w1l D¥ies o Lyl

.. It was Tound thet thie.engliies oould be opereated’ under’
conditions. (see Tabie I(B)17) -

Mhese performahioss wers osjtizned.
ing’ aeroplanes; that "ig,l "0,
i, .99 type medium treinin
o Shiragiku(training pi

% type torpédo-bombing aoroplans(with: Kinsed 40 type. engine)

Inoreasing the: fuel. ¢onsumption in .these tests :was performed by
enlarging the fuel nozzle-area .Qf ‘the engine ocarburettor,, -The power
to boost ‘pressiure was ‘the pame as 'gas&line., ~During the tests,
corrosion of eluminium materiels in the fuel bass was discovered,
and 0,005 gm/liter of sodium-arsenite wag.added to the mixed fuel to

prevent corrosion by ordere-of the First Naval Fuel Depot,- -

2.  Aloohol Fuel Testing. Immedietely after the engine test with ..
~-the.alcohol-gesoline mixed fuel wes finiehed, the fuel was changed
© %o & 94%:aloohol {spec. Nos. 2 aleohol) ‘alone, and experimedts ‘mede
< with the following engines, . .- F : ST e

Homare 20 type 18 oyls.double row airocoléd £000hp mex.boost 500 .
Kasel 20 type 14 oyls, double row aireooled 1750hp meXeboost +450mmHg .
Atsuta 30 type 12 cyle.inyerted .Vee watercooledl400hp ‘mex.r +325mmHg .
Sakae 30 type 14 oyls, double row airecooled 1150hp mex.boost +300mmHg .
Tempuu 10 type T . )
Tempuu 20 type : ' L

Kotobuldd 2 type . -~ wpume &s befare

Sakae 10 type -

Kinsei 40 type : .
Using No. 2 elcohol, trouble oocurred in acceleration-in.all.engines -
except Kesel, 20 type and the Atsuta 30 type (solid injection), when
the power wes veried from deed ‘slow:to-mediug -power, . .Then. 99% alco-
hol "(No. 1 elcohol) was applied to the ebove sarburettor engines,

and it.'wes found thet the enginés: could ‘be operateéd under the follow-
ing conditions: (gee Tapiq II(B)17) . , L
(These performances were confirmed by flight tests using the follow-
.ing seroplanes,} ot e T e e e o

C .7 93 type training plene (with Tempuu 10 type engines)

Shiregiku (truining plane with Tempuu 20 type engine) -
90 type training plame (with Eotobuki 2 type engine) -

- &ero fighter (with- Sakae 10 type engine) . i

- 98 type torpedo~bombing aeroplane(with Kingei - 40 type' engine)
' 8hiden (fighter with Homere 20 type engine) . - V.-

- Raiden-{fighter with Kagei 20 type 'engine)” - .. v
Sulsel (diving bomber with Atsute 30 type engine)
Zerofight‘.ern%with Bakee 30 type engineg
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ncreased-by—eniarsinrthe—fuﬂ—

sumptivms-i
nozzle. area of "the engina carburettor;

‘To prevent the oorroaion ot aluminium maneriale 1n the ruel pass,
"sodium ersenite was added to the alcohol, but the effect was not

sufficient, so the materiala wePe coated’ with an eleotrioc oxidation :

" oxide film.

‘When high power rlights were mede,” vibration’ ooourred, but there wag -

no time to investigate thess troubles. ~Moreover, when a. relatively
lean mixture retio was teken to avoid this vibration,. because of the

‘bad distribution of aloohol to each cylinder, (this was thought to
“be one of the chief reasons causing the vibration), & very high

exhaust gas’ temperature was reached; that 1s, over 800°C. . This ten-

" dency was very severe in flight tests, because of the use of long

exheust pesses, Zero fighters with Sakae 30 type engine and also

wviith 10 type engine could not fly with a boost over zero mm Hg.

Other maerked troubles ceused by aloohol were bed sterting and bad
osceleration. It was thought thit these were caused by the high
latent heat of alcohol as well ar bed distribution. Normel aviationm
gasoline was used only for start! ig, and wes ocontained in one of tho

. gasoline tanks or a special starting gasoline tank of 5 liters. No

good counter-measure was devised to prevent bad aoceleration, but
adjustment of slow nozzle or slow vernier nozzle was somewhat effec-
tive., Moreover, careful attention was necessary during quick acce-
leration. - Even in small power engines, such as Tempuu 10 type, 20

" type, 'and "Kotobuki 2 type,-sterting and acceleration were not satis-"

faotory, so that 3% of ethyl ether was edded to No. 1 alcohol with
good results.

In winter, misfire of ignition plugs 'in these iow power engines
ocourred, and a&s a counter-measure the oylinder heads were covered

with asbestos cords.

III. CONCLUSIONS o

This test was started only sbout a“ysar osfore the war emnded. - Aloohol-was
used in training the alr corp, only about two or three months before the war
The research period was too short to obtein good conclusions. More-
over, even a sufficient emount of alcohol for these tests could not be obtalned.

ended.
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Lo o 'I'able I(B)l? emrranrrie - bt
e ,opmnom GONDITIONSvFOR WGINFB el

DA RIESE R conaunIpti.on ‘;'_'ulowabj.o o ,Allowable
bedoraeeai i s Bt dnoseage | maxs boost) i | e, boont
coef - Edginest | Bael o © < (by. vole) v [ with alochoii-} “with the':

] "~ gasolins - oxdinary 3e—
mized fuel soline .

N ] e per o T T| . S | A

10 typo | o pD T e el T S L ] pomer
Tompuw.:. ~ | - 85 Hod REE-1 - T TR 130mm Hg'»-.' “130mm Hg - | -full
20 ¢ypo- |- . | . - .} wodoe s o o] power
Eotobukt ' | 80 Hot | = 0% | 150m H | 1s0mRg | fun
2tpe 4 | T i T pomer
Sakeo . | #7Hot- [ . g0t | '50mag 250mm Bg. | - 80%
Kinoet {87t | 306 | ' 60mmHg | 200mmEg | 85%
10 typo . o o .. T et : power

ST o Table TI(M17
ALCOHOL FUEL UPILITY TEST DATA

S COnaumption Allowable max. boost | Allowable max, boost:| .Power Rate
Engines | Alcohol. | -Increase - - | -with- tha Alcohol ‘with the Ordinary - -
A o .. Gasoline

-

Homare | No. 1 65 % « 150 mm Hg 500 mm Hg . 704 power
20 type |- .. ] (over4-90 mmowith (over +125m with .
supplementary fuel) supplementary fuel)

Kasei No. 2 70 % 200 mm Hg 450 mm He .| 85% power
20 type (over 450 mn Hg with (over 4160 o Hg
< owwadeonesmied s oo | supplementary- fuel)- -1 with supplomontary -
o . " fuel .

mota | o2 | 708 | 20mug. . 35mHE | 95 power
30 type -

Sakae | Ko, 1 658 - 120 m g 300 mn Hg 85% pomor
30 type

Tempuu No, 1 70 % - 50 mm Hg 50 mm Hg full power
10 type .

Tempuu | Mo, 1 70 % 130 m Hg 130 m Hg fuld. pover
20 type "

Kotobuki| No. 1 70 % 150 mm Hg 150 mx Hg full power
20 type . .

Sakae ‘No. 1

70 % . 50mmHg 250 m Hg 0% power
10 type e

Kinsei HNo. 1 70 % 60 o Hg 200 mm Hg 85% power
40 type :
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