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An Experimental Study on Suspended Sodium Droplet Combustion
Kenji Sato*

Abstract

As part of studies for phenomenological investigation of sodium droplet burning
behavior, in our previous experimental studies, ignition process and succeeding combustion
of suspended single sodium droplet had been investigated by using high speed movie camera,
and a temperature measurement system feasible for the experiment had been developed.

In the present study, by using 4 mm diam. suspended sodium droplet, combustion
experiments were performed for the free-stream velocity of dry air flow of 20 to 60 cm/s, and
for the initial droplet temperature of 280 to 400°C, and the effects of the free-stream velocity
and initial droplet temperature on the ignition behavior and droplet temperature variation with
time were examined by using high speed movie camera and sheath-type fine thermocouple.

The experimental results are as follows:

(1) When the initial droplet temperature is less than 290°C, before ignition the oxide film
accompanied with vertical streak appeared and the droplet turned to teardrop shape.

(2) The ignition delay time defined as the time to evolution of orange color light emission
zone or flame zone decreases with the increase of the free-stream velocity or of initial
droplet temperature. Examples of typical ignition time are 1.4 s at the free-stream velocity
20 cm/s and initial droplet temperature 300 °C, and 0.65 s at 60 cm/s and 400 °C.

(3) The dependence of the ignition delay time on the free-stream velocity decreases as the
free stream velocity increases.

(4) The droplet temperatures at the moment of melting extending all over the surface and at
the moment of ignition are around 460 °C and 500 to 600 °C (mostly around 575 °C) ,
respectively. These values are essentially independent of the free-stream velocity and
initial droplet temperature.

(5) The rate of temperature rise does not change through the moment of ignition.

(6) The asymptotic droplet temperature at approaching to quasi-steady combustion state
following ignition is independent of the initial droplet temperature, but increases with the
free-stream velocity. The observed range was 700 to 750°C, and the temperatures at this
range are very lower compared with the boiling temperature 881°C of sodium. The
investigation of the reason of observed relatively low droplet temperatures will be
necessary.

(7) In some cases, formation and disappearance of multiple short projections were observed
before ignition. This phenomenon occurs typically for cases of the initial droplet
temperatures around 300°C, but not at initial temperature 400°C.

* Department of Physics, Faculty of Science, Toho University
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