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SUMMARY T
Flame propagation in éerb.engihé oylinders was studied by
the ionization gap method. For an air cooled engine, the
Kotobuki 9 eylinder radial. engine.was used.and-for-a-water
cooled engine, the BMW singlé oylinder testing engine was

used, - Running oconditions were varied and their effeot
upon speed were determined, .. . - .

INTRODUCTION

A. History of Project

This .work was carried out during the period from April, 1935 to Maroh,
1940. There were still problems to be investigated with small testing
engines, but our interest was direoted to the study in full scale
engines, .As it was very dirficult to put a quartz window over the head
of a full scale engine, the ionization gap method was used. For this
purpose, a specially designed small plug was prepared by the Tachikawa

-factory for the air cooled engine. As the engine did not belong to our
. party, experiments were performed intermittently when the engine was

not. ocoupied by other persons, For the water cooled engine, usual spark
plugs werb'used as lonization gaps.

B. .Key Research Personnel Yorking on Project

'Eng. Lt. Comdr. X, NAKATA -

DETAILED DESCRIPTION
A. Desoription of Test Apparatus

For an air cooled aero engine; the Kotobuki - -nine oylinder radial
engine was used Its essential dimenslons were as follows:

Bore 'lQlll..i.l'l.l..ll‘lo‘..‘.".0‘..0'0..'.‘!‘.'. lhémm
Stroke tTeteas st s et sineat s s st s AN 3113 R
Compression ratio sesecssssssccavocrssesessnsescsses 5425
Rated hp l—nl.........O.'l...l.....l.l‘.l...llll..l "60 hp
Rated revolution. ..iecesescvcssseccsscsnsnscassse 2100 RPM

One oylinder was installed with one indicator and eight fonization plugs
as shown in Figure 1(B)37. The structure of the ionization gap is shown

in Figure 2(B)37.

For a water cooled engine, the D.V.L. variable compression testing
engine was used, B.M.V. engine single oylinder was installed in this
engine, Its main dimensions were as follows? .

‘

Bore 00000 000000000000 00C0RERI0ENR000CCD0PPR0ICRRSEIGS léomm
stroke ..".............".l..l...P......'..‘....'.\lsom
Compression PAEI0 seeesessssccscosscscscessecatscancs 7.0
Speed ooo....o'oo--ooo-oooo-cooo’oooou--c'oo-.-o-- 1400 RPM

Six holes were drilled equidistantly around the combustion chamber, as
shown in Figure 3(B)37. One or two holes were used for ignition spark
plugs and the remainder for lonization plugs.
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Experiments ‘wer'e perrormed as experimental conditions were ‘varied as ;.
follows. ‘ i ‘

1. vith xotobuki'eggine

a. Three fuele of different ootane values
i ~Bo0St pressure-
o. Mixture strength

2., VWith BAY engine

a, Engine speed
b, = Number and position of spark plugs

The fonization current which flowed when the flame reached the ionization
‘'plug was the order of miorosmperes, 80 & X171A emplifier was used. The
emplified current -was led to an- electromagnetic oeoillograph. Fitty
oycle AC waves were used for 4 time scale. . ‘ ‘

Oscillograms were developed and the distences between spark timing marks
and ionization current merks were measured with a comperator. These
were changed to propsgation time using the time scale recorded on the
same film.

c. nxperlmentalgggeults>

1. Kotobuki engfne .

8. Three fuels, with octane values 87, 85, 65 respective-
ly, were tested under the same running coadltions. It was

locity of flame propegation. -

b. The effect of boost pressure on the flame propegation
velocity was not remarkable. It was frequently masked by the
effect’ of other rumning factors and could not be determined
decisively, but it can be said that the higher the boost
pressure, the greater the flume velooity. s
¢. The fuel supply was altered by operating en AC lever, but
no air-fuel ratio meter, such as a Cambridge gas analyser wus
used ‘at thut time. Therefore, the accurate mixture strength
could not be determined., The flame velooity was greatest when
the output of the ongine was largest. ' The flame velooity was
greatly reduced with both rioh and lean mixtures.

The fleme ignited with two plugs, £11led up the cylinder when
the orank shaft wes at an angle of 4L0-50 degrees. -The mean

. velooity of flame propagation, caloulated from this value, vas
about 20 m/sec. This was about twice the velocity obtained by
the emall L-head engine with a quartz window. X

2. BY¥W engine

a, Revolution of the engine was varied from 500-RPM to 1400
RPM and the effect of engine velocity upon flame velooity was
examined. - Flame velocity was greatly inoreased with the englne
speed. Vhen the time for the flame to travel through the :

cylinder was plotted ‘against the engine speed, a etraight line
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ineclined to the right hand side as shown in Figure 5(B)37
- (drawn from memory) was:obtained.  This must be dué to the =
o inorease of vaporization-:of fuel_in_.the.curburetor: and of. the- -
turbulence .in the oylinder.

b. The mean flame propagation velocity, ignited by a single
.spark, was about 35 m/sec, and :about 50 m/sec when ignited by
- two plugs.- ‘The-effeot of-the- position of the spark plug upon
the flame velocity was also examined. The flame velooity was
maximum when the plugs were situated between the inlet and .
exhaust valves.

6. Vhon detonation occurred, it was also ascertained by'thia
method thét the last charge was burnt vigorously.

The flame front in the cylinder is aupposed to be as in Figure

~4{B)37. 'In the water cooled engine eylinder ths flame propa-
gated symmetrically referring to the line connecting two plugs,
but in the air cooled engine it was distorted as shown in the

" figure. Viith the air cooled engine cylinder, the intake tube
was connected tangentially to the cylinder, and the vortex was
generated in the anticlookwise direction. The side of the ,
flame agsisted by this vortex went far from the plug, while the
procedure of the side against the vortex was hindered. The
intake tube to the water cooled engine was perpendicular to the
cylinder; thus, no general circulation of the charge in the
-oylinder was generated. - This was the reason why there was a -
difference in flame propagation betwsen the air cooled and
water cooled engine cylinders. The position of the last por-
tion where detonation occurred was determined by drawing
imaginary flame fronts. When unsuitable fuel was used, fore-
boding of piston burning was noticed in every oylinder at this
portion, showing rough and granular appearances.

II1I. CONCLUSIONS
From the above results, the rolloy;ng conclusions were derived: . - o

1. The veloolty of flame propagation is inoreased with the speed of
engine revolution. o
2. The effeot of boost pressurse is not remarkable, but there 1s a
tendency of increase of flame speed with boost pressuru.
3. The flame velovity is much reduced by rich or lean mixture.
! 4, The flame velocity is highor with high octane fuels than with low
octane fuels (within the 1imits of this experiment).
-——5+——The-last-portion—is-instanteneously burnt when knocking occurs.
6. In a oylinder which has a tangential intake tube, the flame front
\ is distorted by swirls. .

In conclusion, the lon gap method is very oconvenlent to investigate fleme
' propagation in the cylinder of a full scale engine,
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