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An Experimental Study on Suspended Sodium Droplet Combustion (II)
(Research Document)

Kenji Sato*

Abstract

As part of studies for phenomenological investigation of sodium droplet burning
behavior, in our previous experimental studies for suspended single sodium droplet, behavior
of ignition process and succeeding combustion, ignition delay time, and droplet temperature
history had been investigated.

In the present study, by using 4 mm diam. suspended sodium droplet, combustion
experiments were performed for extended free-stream velocity range of dry air up to 200
cm/s, and for the initial droplet temperatures 7; = 300°C and 400°C, and the effects of the
free-stream velocity and initial droplet temperature on the ignition/burning behavior and
ignition delay time were examined by using high speed video camera.

The obtained experimental results are as follows:

(1) Ignition phenomena of suspended spherical shape droplet were observed for all examined
experimental conditions except the case of free-stream velocity U = 200 cm/s at 300 °C,
where detachment of droplet from the support due to strained oxide film occurred.

(2) The ignition delay time defined as the time to evolution of orange-light emitting zone or
flame zone decreases with the increase of the free-stream velocity or of initial droplet
temperature. Examples of typical ignition delay time are 0.68 s at U = 20 cm/s, 0.52 s at
U =100 cm/s, and 0.37 s at 200 cm/s for T ;= 400 °C.

(3) The orange-light emission at the moment of ignition occurs simultaneously over whole
surface except the top region of the droplet. The intensity of the emission at the moment
of ignition takes its maximum at the bottom region or upstream region of the droplet, and
the emission intensity during the stable burning period increases with the increase of U.

(4) When T ;is 300 °C, formation of temporal multiple short projections are observed before
ignition for all examined free-stream velocities. The projections often do not disappear
before ignition when the velocity is relatively high.

(5) The layer or cloud composed of aerosol is formed before ignition, and its thickness
decreases with the increase of U. As U increases, the separation of the layer at the
downstream region of the droplet is observed.

Since there is some possibility of the existence of minimum ignition delay time with
further increase of free-stream velocity of the air, further studies at higher flow velocity will
be necessary to investigate it.

* Department of Physics, Faculty of Science, Toho University
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