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Characteristics of a New Apparatus for Measuring Ignition Energy of Dust Clouds
having a Dispersion Mechanism by Ultrasonic Vibration*

by Mizuki YAMAGUMA™*, Kwang-Seok CHOr*** and Tsutomu KoODAMA®#%*

Abstract: This paper describes a novel apparatus for measuring the minimum electric spark ignition energies

of combustible dust clouds. Instead of a transient suspended dust cloud by a blast of compressed air as in the

conventional Hartmann tube apparatus, this one forms a curtain-like, constant downstream of dust in an explosion

chamber by combining an ultrasonic vibrator, a sieve, and a specially designed dust hopper. While passing

through the gap of two electrodes placed in the middle of an explosion chamber, sparks are given to the dust

stream to determine its minimum ignition energyl] MIE[] The concentration of a dust cloud is widely controllable

through the current to the vibrator. The apparatus is equipped with two pieces of coarse metal mesh functioning

as flame arresters and are placed just below the sieve and over the base of the explosion chamber to protect

the chamber and to enable the recycling of unburned dust. By comparing the MIE values of several samples

of dust with those obtained by the conventional method, the new method was confirmed to give reliable data.
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Fig. 1 Sideview of the ultrasonic-driven dust

ignition measuring device.
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Fig. 2 Structure of the dust generating mechanism.
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Table 1

Schematic diagram of experimental set-up.

Characteristics of sample dusts and optimum mesh sizes.
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Sample Name Particle Shape Median Particle { Bulk Density | Mesh Size [um]
Size [pm] [g/cm’] (Tyler-No)
Lycopodium Round 30 0.34 124 (115)
Polyacrylonitrile Round 24 0.65 104 (150)
Anthraquinone Irregular 31 0.26 208 (65)
PMMA Round 29 0.71 104 (150)
Nylon Mostly Round 44 0.49 175 (80)

Fig. 4

Typical sequece of the ignition of a sample dustd from left to rightl
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Fig. 5 Typical waveform of a vibration of the mesh
taken with a strain gauge.
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Fig. 6 Major components of the vibration of the mesh.
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Fig. 7 Vibration strength vs. feeding rate of dust.
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Fig. 8 Deposition of particles on the mesh after sieving anthraquinone dust.
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Table 2 MIEs of samples by new and conventional methods and agglomeration of particles.

goobooMIEDOODDOOOODDOO

Minimum Ignition Energy [mlJ] After Passing Through Mesh
Sample Name (W, <MIE < W)")
New Apparatus Hartmann Apparatus Median Particle | Average Charge

(Ultrasonic) (MIKE-3) size  [um] [uC/kg]
Lycopodium 25~32 10 ~ 30 33 -0.20
Polyacrylonitrile 29 ~ 34 10 ~ 30 36 -0.47
Anthraquinone 9~15 3~10 107 -5.51
PMMA 125 ~ 245 100 ~ 300 32 -0.51
Nylon 50 ~ 98 30 ~ 100 48 -0.57

W.': highest energy at which ignition fails to occur in 20 successive attempts. W.": lowest energy at which

ignition occurs within 20 successive attempts.
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Fig. 9 Ignition energy of lycopodium spores taken

with the ultrasonic-type apparatus.
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