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SUMMARY

Objective of ?rodect The object of this test, was—to £ind -
the fundamental englne performance of ethyl aloohol as avia-

tion gasoline by the single

c¢ylinder cesting machine, pro- -

ceeding to the full scale engine test,

Significant Results .Ethyl aleohol has very high‘anti-knock

propertles as compared’ with usual aviation gasoline.

In’

apité of its octane number belng oply about 92, its maximum

allowable boost is over (+)

600mm Hg in single-cylinder

Kinsei 4 type alrcooled test engine,

It is apt to ‘cause autoignition even at lower boost whioch

easily chal
from memor,
Figure I(B{ll.

—According to Figure I(B)1l:

- 1., Autoignition does
below (+)0 boost.

es to preignition.
of the.limit of the autoignibion as shown in ..

We get the diagram (drawn

not ocour-at any air-fuel ratio

~27Autoignition begins to coocur betwesn (¥)0 and ()
100 boost, and the HP is somewhat higher in the area

of autiognition,

3.
and the rapid deorease

The area limitsd by autiognicio1 on the lean side

in the HP on the rioh side

becomes much narrower above (+)400mm booct,

'
boost,

There is no aafe combustible area at (+)600mm

Autoignition begins at definite temperature whioch 15 Just

2000C in this test,

This temperature is supposed to have

some relation to slow oxldation of alcohol.

INTRODUCTION

A, Histoxy of PrOJBCt

Since April, 1944, we began to use ethyl aloohol as an aviation fuel.
At first we blended it into gasoline only about 10%. by volume and tested

the engine performance.carefully.

However, with the increasing

shortage of aviation gasoline, its blending ratio was increased rapidly
to 30, 50 and 75% for experimental purpose, and finally, in Qotober, we
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~began-t6-tat-pure.-atbyl.alcohol. a8 the fuel for the training airplans
,{50% blend of ethyl alochol was the highest ratio actually used in
tralning plene.). Above experiments by full scale engines waere done
mainly at the First Naval Teohnical Depot at YOKOSUKA, The following
experiments were done particularly on the single oylinder engine perfor-
mance of pure -ethyl alochol.from Qotober, 1944 to March, .1945.

B. Key Rusearch Perscnnel Working on Project
Eng. Comdr., K, NAKATA .
Eng. Lieut. Comdr, T. NAKAYAMA
II, DETAILED DESCRIPTION

A. Description of test apparatus
“Single cylinder testing machine
"Kinsei" 4 type air cooled cylinder

Cylinder diameter 140mn
' stroke - 150mm i . :
Compression ratio 66{variable compression)

Maker: Ishikawajima Alroraft Company Ltd,
Engine Counterbalanced and maximum Engine Speed
C 3000 R,P.M.

"B, Test Procedures

1.,  Physloal and chemioal properties of used ethyl alcohol We
usad ethyl alcohol whos¢ various properties were established as

"] alcohol™ in the Naval Fuel Specirfications.

General The alcohol may be added as specified to gasoline.

1. Purity: 99 wt % min,
. 2.7 Specific gravity {159/4°C);0.797 uax,
3, Distillation: o
.. ... .distillate et 78-80°C. .95% . min.
4. Reaction o neutral
5. Solubility in water

This alcohol shall be mixed at any temperature and be a clear solu-
tion,

C. Methods of Tests

We made threw tests of engine performances in order to find the anti-
knock properties of pure ethyl alecohol: -

1. The first test series was the hoost-up methed; namely, we
elevated the intake air pressure from (-} 100mm Hg for each 100mm
boost, and found when the fuel began to detonate, as judged by
exhagst flame color, We called this point "the maximum boost of
the fuel.” ) ‘

2. The second test consisted of changing the air-fuel ratio; at
every boost we changed the air-fuel ratio from the riéh side to the
lean side by regulating the fuel supply, and measured the change of
the HP accompanied with the air-fuel ratio.
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3. - The enginéﬂs ignitibn wasyswitohed off'at?évery Qir-fuel ratio
"Eia‘If“was'determfned—whatha:.thﬁ;gg ne-continued to run; that is,
vwhether,ethyl‘aloohol already hegan .autoignitlon O +—WHe~oalle
this point the limit of autoignition; -that is, the boost at which
autoignition began. As a rule, when the rear spark plug tempera-
, ture exceeded 200°C, autoignition occurred.
D. Results ' ‘ BRI
of pure othyl alcohol was obtained which had- the brake horsepower as—— -
ordinate and the air-fuel ratio as abscissa.

CONCLUSIONS
A. . On the Anti-knoek-Proparties,
— —

By these single oylinder engine tests, ethyl alcohol proved itself to
be very high anti-knock fuels ~ For example,wnormal,aviatipn gasoline

which had 91 octane number began to detonate at about () 200mm’ boost,
rogardless of air-fuel ratio, but pure ethyl alcohol did not detonate

-even at (4)600mn boost if mixture vias rioh enough, - From this.point of

view, thé anti-knock property of pure ethyl aloohol seems to be no
problem, but it has other various weak points as an aviation fuel, such
as volatility. Even it an excess of ethyl alcohol is supplied into
the intake for the purpose of increasing its vapor pressure, the amount

- of vapor avolved does not increase, since ethyl alcohol has 8 fixed
-boiling point, In the case of the full scale engine, therefore, the
distributibn”or'fue]'to~avery~oylinder,beoomes very bad, which ceuses

the detonation. We cannot conolude that ethyl aloohiol has very high
anti-knock property from the single oylinder engine test alone. It
actually has high anti-knock property by single cylinder engine test,
but often it proves to be low anti-knock value by full scale engine

© tests.

B. Autoignition of Ethyl Alcohol

Another weak point of ethyl alcohol as an aviation fuel is {ts autoigni-
tion property. - Euh¥l =lcchol hag the property of beginning autoignition
under high pressure and temperature. Autoignition induces preignition,
which is not desirable. It the area limited by the beginning point of
autoignition of the lean side, and the point of rapid fell of the HP on
the rich side, is called "the safe combustible area,” it becomes Vvery

parrow at (+) 300mm boost as shown in the diagram.
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Figure 1 (2)11
ENGINE PERFORMANCE DIAGRAM OF ETHYL ALCOHOL
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PART II

CHEM. ENG. IT. COMIR.
S0, NARAYANA -

~Rese§rctheriod:”.i9hb—19b5

SUMMARY
To examine the practical value of aloohol as an aviation

fuel, especially to improve its volatility, the author
exemined the effect of blending ethyl ether, acetone, and

“gasoline with ethyl-aloohol,

The effect of the latter two was satisfactory, but the former
was pot satlsfactory beoause of its knooking tendenoy.

The Characteristics of Alcohol

1. Heat of combustion of sloohol is less them that of gasoline,

_thus fuel consumption of alcohol is inoreased.

2, latent heat of vaporization of alcohol is very large; thus
its volatility is very poor, and the difficulties of starting, ac-
celeration and oylinder distribution of the fuel arise, but its
anti-knock property is improved by the cooling effect of aloohol.

3, Corrosive Action on Aluminum Alloys and Steel, Because of
these propertles, e petting ol carburetor 1ue ow must be
changed, and the addition of arsenic soda {sodium arsenite)

- {5mg/100¢¢ of aloohol) is necessary to preventucorrosion. In this

way, Tor the training plenes of 1636 to 1500 hp:class,. alcohel oam ..
be used for limited performence but for rirst class planes, alcohol
cannot be used as fuel because {t 1imits the performence of engines.

Xey Research porsonnel Working on Project

CHEM. ING. LT, COMDR. T. NAKAYAMA

DETAILED DESCRIPTION

A,

Description of the Test Apparatus

The eircraft ongine'"Kinﬁei" 5 fype was nsed for testing these fuels.
Its characteristios were: -

14 eylinders and double-row radial air-ocoaled,
Compression ratlo, 7.0
carburetor type . ‘
Cylinder bore 1,0mm, stroke 150ma, _
Maximum output power. 1300 hp at 2550 r.p.m. and :
+350mn Hg (aviation gasoline with ootene rating 91 was used).
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-Vater brake%typé'dynamometer1wgs used,. -

-

B.  Test Procedure - L P ,
The miztures.of alobhol'with echyl ether, ddetone or gasdliné were .
tested by ."Kinsei" 5 type engine, The test was made at every boost ‘(+)0,
(+)100, (+)200nm Hg, eto., and the minimum fuel consumption of each

mixture, temperatures of cylinders, and exhaust gas were recorded, Thus,
the volatllity porformence characteristics of each mixture were observed,

C.  Experimental Results

The mixtures of alcohol and biending fusls had the properties and per- .
formance results as shown in Table I(B)1l.

III. CONCLUSIONS

Bthyl ether hes high volatility, but it ceuses detonation, Théfefor@}iits .
ellowable concentration ig very emall, and conse uently,” 1t cannot be blend-
8d in sufficient quentity to affect the volatili y of the mixtira,

Acetone has good wolatility and anti-knock properties, and its blended fuel °
showed the best performance. The more acetone added, the better the result-
ing fued, = = ..

Gasoline had a higher heat-of combustion than the other blending agents, so

that the fuel consumption of the gasoline alcohol blend was lowest., However,
the effect of the gasoliné on enti-knock properties and volatility was not as
great as that of acetons,.. . ... ... .. b (P
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