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Quenching Limits of Initial Flames in Narrow Tubes
—An Approach to the Study of Quenching Volume—

by T. HAYASHI*

When an elctric spark is discharged in a volume filled with an explosive gas mixture, a spherical
flame kernel is usually formed and subsequently stable flame develops throughout the mixture. In
some cases, however, where the spark energy or other conditions are not satisfactory, the subsequent
flame propagation does not occur even if a flame kernel has been observed. There exists a critical
volume of initial flame for the propagation of subsequent flame, and if a flame kernel could not expand
beyond the critical volume, the flame quenches. This critical volume is called “quenching volume”,

In this report, quenching limits of initial flame are studied in narrow tubes with an attempt to
measure quenching volume of explosive gas mixture instead of optical observations of freely expand-
ing flame. bMethane—air mixture is ignited by an electric spark of known energy at the closed end of
a short narrow tube, which is conneted to a larger chamber. Glass tubes with inner diameter of
6-20mm are mainly used for the experiments. For a given tube, a hemi-spherical incipient flame is
on‘ce formed but is soon diminished without further propagation through the tube if the pressure of
the mixture is marginal. For higher pressures, flame propagates through the tube, and for lower
pressures no flame kernel is observed. Critical pressures are usually below atmospheric for tubes
under test and decreased for larger tubes.

The relation between such critical pressure, referred as Limiting Pressure, and tube diameter is
extrapolated so as to obtain a critical diameter for atmospheric pressure. This critical diameter is not
the so called “quenching diameter” of the mixture, but is considered as “quenching diameter for initial
ﬂame”, which may corresponds to quenching volume of the flame of atmospheric pressure. The critical
‘dlameter for stoichiometric methane-air mixture is est1mated to be 5.4mm by this study, whereas the
values of quenchmg diameter have. been reported as 3.33-3.38mm. Tlis means that methane-air flame
never originates in a tube whose diameter is smallar than 5. 4mm and that tube diameter must be smaller
than 3.3mm for the quenching of propagating flame through methane-air mixture. The critical
diameter by this report shows fairly good agreement with “critical radius” obtained by Arnold and
Sherburne in the study of freely expanding flame on the burner tip. .

Effects of length and material of tube, of fuel content of the mixture and of spark energy on quen-
chmg of initial flame are also discussed. Furthermore, quenching behaviors of fast burning hydrogen-

air flames are compared to those of flames of methane-air mixtures.

¥ fuaprzed Chemical Engineering Research Division
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1: Length of tube under test (mm)

d : Distance between electrodes (mm)

L.P. (Limiting Pressure): Maximum initial pres-
sure of gas mixture at which no explosion
occurrs in the explosion chamber.

It is not concerned whether an initial flame
has been formed in the test tube or not
(mmHg absolute, at 25mmHg increment)
(HRBRFETD)

E: Energy of electric discharge, calculated by
E=CV?/2 (m])

C: Capacity of condenser (pF, &4F, or F) ~

Open marks (O, [, A etc.): Flame transmission
through test tube into the explosion cham-
ber.

Solid marks (@, M, A etc.): No explosion oc-
currs in the explosion chamber, that is,
flame quenches in a test tube. '

(Note: Definitiont of open or solid marks
are applied only to figures in which

both types of marks are used.)
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Bilateral control of Artificial Fingars system drived by the electroviscous

fluids
— Dynamic properties of the Electroviscous-Fluid Clutich (Winslow
clutch) as an element of the control—
By Noborm Sugmoto, Taiji Rondo, Kiyoshi Fukaya
Research Report of the Research Institute of Industrial Safety, RIIS-
RR-28-6
In this study, Winslow clutiches with the purpose of controling the multi-
finger system were developed and some general properties of them were examined
and compared with other types.
In the results, the Winslow clutches, though could be said to be superior to
other type with respect to rapid response stability, have as simple structure as
disc, which makes driving unit of the system smaller and then capable of giving
the system more degrees of freedom. Besides, in this study, the control system
of induced force using the Winslow clutches were investigated.  As the results,
it was confirmed that the force was controlable with satisfactory respance and
small error. (15 Fingers, 3 Tables, 3 Photographes, 3 References)
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