smnsptapmreoms papto stpe s ceh et

RESTRICTED X382

 Encuosure (935

PHOTOGRAPHIC INVESTIGATIONS .
OF FLAME PROPAGATION AND
DETONATION IN ENGINE GYLINDERS .

by

ENG. COMMANDER
X. NARATA

___Research Perlod 1933-1935

i
Prepared for and Reviewed with Author by the
U.S. Naval Technical Mission to Japan

Dec. 1945

403’



RESTRICTED:

TRIUNYYTT

i Lrsr or mABzEs S Lo
4 ND L 1. I 0 e B

"Figufe*lts)35““5cﬁemat16fDIAéfaﬁmbf‘fhé“rééfzxﬁiafafﬁé“:;ll‘ : ;Ilfi”?ééé"Lﬁﬁ"f'

Figure 2(B)35 ~Cylinder Hoad. weovsessivnvnansensessssssssnnninnsssvs PagO 408
‘Figure 3(B)35 No Knock ............................................ Pago 409
Figure 4(B)35 Incipient Knock seveseseeereiiutiiiisistassnaanienees PagE 409
Figure 5(8)35nfxoderate Knook Heseneresssssisssassssiensssansannnens PagO K10

Figure 6‘3)35 Severe Knock ocooooco.-oo,,a-acyacooaoanon-aooqoo-clo,o Page 410

404



RESTRICTED

II.

- aclos -

o SUMMARY

A small L-head single-cylinder testing-engine Was  prepared .
"fpr‘thiS’work;*“It;hadfa'narrow'quurtZawindow as shown in .-

Tigure 2(B)35. Flame propagationrin:theEcylinderfwasmstudzJ

jed by photographs. taken through the window. .~ e

INTRODUCTION - -

AU gtory O PTOJ8C - i ] L E R e e e

These studigs on engine qombustidn were started in llarch, 1933.

'A small L-head, air-cooled single cylinder engine for agricuitural use

vas installed. Its maximum speed was 2,500 RPM and the power about 1.5
hp. : ) ’ R

A new cylinder head was designed, with a narrow slit along the center

ling of the head. A quartz window was made on this slit.. It was con- .. .
structed by the Hinode Co. in October 1933, and the experiments were per=
formed during the period from ipril 1934 to biarch 1935,

‘B. Key Personnel Working on Project

¢ivil Eng. K. NAKATA
DETATLED DESCRIPTION

c-py--Dagsepiption- of - Test APPATALUS. - oo

Schematio figure of the test appsratus is shown in Figure 1(B)35. A film
drum was mounted above the engine upon whioch a film of standard size
(35mm) was wound. This drum was driven by e small motor of variable
speed. A "Tessor" photographic lens of the aperture of £32.0 and the.
fqcal length of 7cm was inserted between the engine and the film drum. so
as to be moved vertically by adjusting sorews. The engine was connected
with a D.C. rotor of about 2 hp. This was used to start the engine and
to give a load to it. Details of the oylinder head are shown in Figurse

“2{5}35, " The windcw was made of transparent.fuged quartz.. It was a

square bar of 13mm X 13mm X 150mm.

B. Test Procedure

i A A e )

The éngine was started by the motor. ihen all the engine conditions were
settled after several minutes' running, a small quantity of sodium bloar-
bonate was put in the alr intake to color the flame yellow, The fllm )

‘drum was rotated by the motor and the speed was adJjusted to got a satis-

factory figure. The cover of the film drum was opened and the shutter
was operated. ) ' B

“hen the knocking flames were to be photographed, 20-3055 of ethyl nitrate
was added to the fuel. As the compression ratio of the engine was small
{=~1,.0), no knocking occurred althouzh an ordinary gasoline of low octane
value {O.H.2=45) was used. . T ' ‘

C. Exporimental Results ' g

lany photographs were taken at different degrees of severity of detona-
tion., This was done by the gquantity of ethyl nitrate udded to-the fuel.
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" The reproductive sketeh of these phbtdgréphs'are showa in Figures :3,4,5,6.

- ¥lame speed was calculated from the-slope of .the Ilaie Tront,.and .was . GLhe
‘ordsr of 10 m/sec at the middle portion of: the combustion chamber.  -No’
flame was observed immediately after the ignition, i.e., the induction .
“period was observed and this sometimes auounted to about 10 degrees of
_crank shaft revolution.. This was equal to about 1/1500 second, . L

Flame velocitlies of knockinz 6ondition and hon-knoéking conditidn ﬁére
.compared-but no difference was recognized: between the portion from the . :
spark position to the knooking_position. ) i .

Flame speed at the knocking portion was intended to be measured, and the
speed of revolution of the film drum was, increased 2 or 3 fold, but the
fleme front was always vertical to the time axis in the knocking region.
When the 'speed was increased, the result was that the image of the flame
was faint and that it was difficult to determine the flame gpeed in the
knocking region by such a method. -

. Vertically striped bright flame patterns were observed in the detonation
reglon. The frequency of the patterns was measured and found to deorease
as the plston went down in the oylinder, It was about 6,000 cycles near
-the T.D.C, and 5,000 at the end of combustion. - o

"III. CONCLUSION

For the first time the author conducted an experiment on the study of combus-
tion. In performing the above mentioned experiment, he hud not intended to

- draw-any. important conclusion from it but chiefly to enlighten himself, At _.
first he was afraid whether such an enpgine which was designed by a physicist
like himself could run satisfactorily. '

But the engine ran successfully and was not destroyed by a severe detonation. -
He took many photographs of flame propagation. Thus, he became familiar with
the engine combustion and also learned how to operate a gasoline engine. The
flame speed of the order of 10 m/sec, at the center of the combustion chamber
was smaller than he had expected, That was due to the flut combustion chamber
and low compression ratio, ) . o
At that time there were many theories on detonation. "One of them was thut the
flame propagation velocity before the occurrence of knocking would be faster
in- the ocase of the knocking condition than in the non-knocking condition,-so
the unburnt charge would be compressed adiabatically more in the case of the
former than in the latter, and this caused the'spontaneous ignition. The
results of the author's experiment did not verify this fact. The flame veloc-
ities were the same in both cases. . :

The frequency of knocking sound was determined by tuning forks and decided to
be nearly 6,000 cycles. : ' '

Tgis coincided with the frequene& of striped patterns observed in the knocking
flame., : ‘ .

i .

These patterns were supposed to appear by the adiabatic conpression of burnt
gas due to detonation waves., The next step of his work was to proceed to
measure the pressure changes in the engine cylinder.
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.  Figure 1(B)sb
SCHEHATIC DIAGRAY OF THE TEST APPARATUS
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Figure 2(F)s0
CYLIKDER HEAD
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Frgure 3155
M0 ASOCK

~Figure 4(B)35
! . INCIPIENT KNOCK
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