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Flame Propagation Characteristics Through Suspended Combustible Particles
in a Full-Scaled Duct
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Abstract — This study is to investigate experimentally the flame structure and propagation mechanism in dust explo-
sions and to provide the fundamental knowledge. Upward propagating laminar dust flames in a vertical duct of 1.8 m
height and 0.15 m square cross-section are observed and flame front is visualized using by a high-speed video cam-
era. Also, the thicknesses of preheated and reaction zone have been determined by a schlieren, electrostatic probe and
thermocouple. The thickness of preheated zone in lycopodium dust flame is observed to be 4~13 mm, about several
orders of magnitude higher than that of premixed gaseous flames. From the experimental results by a PIV(Particle
Image Velocimetry) system, a certain residence time of the unburned particle in preheated zone is needed to generate
combustible gas from the particle. The residence time will depend on preheated zone thickness, particle velocity and

flame propagation velocity.
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Fig. 1. Schematic of the experimental apparatus (A, A' & C; iron
plate, B; glass).
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Fig. 2. Schlieren visualization for simultaneous measurement of
flame velocity, thickness and temperature using with elec-
trostatic probe and thermocouple.
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Table 1. Physical properties of lycopodium dust

Molecular formula Cs5.7Hg 601 3N g9

Minimum ignition energy [mJ] 10~40
Minimum ignition temperature in clouds [°C] 480
Flammable lower limit [g/m’] 40~70
Stoichiometric concentration [g/m’] 105~125
Particle size [mm] 32
Specific gravity [-] 1.05
Volatile content [weight %] 50
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Photo 2. Typical schlieren image for measuring thickness of pre-
heated zone in 122 g/m’.
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T : measured flame temperature[°C]

d : diameter of thermocouple[m]

h : heat transfer coefficient[kcal/hrm?]

C : specific heat[J/ (kg'K)]

N, : Nusselt number][-]

d : diameter of contact in thermcouple[m]
L : diameter between particles[m]

C, :dust concentration[kg/m’]

D, :mean dimeter of dust particle[m]
T, :initial temperature[°C]

T : temperature of reaction zone[°C]
T.  :residence time of dust particle[s]

V,  : flame propagation velocity[m/s]
\Y : particle velocity[m/s]

d,  :thickness of preheated zone[m]

T, :delay time of ignition[s]

J2[o|A =X}

T : time constant[s]

p : density of contact point in thermocouple[kg/m]

Ay : thermal conductivity of gas[W/(m'K)]

p, :density of particles[kg/m’]

O2H&Xt

m . measurement
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