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Experimental Studies of Laminar Flame Propagation

in Dust Suspensions (1)

—— Cork Dust-Air Flame ——

by Toei Matsuda

The previous paper described the observation of flame propagation in suspension of polyethylene
dust which, chosen as a representative industrial dust having relatively simple chemical composition
and structure, was dispersed in a vertical tube, 75mm in diameter. In this paper, experimental
results on the propagation of laminar cork flame in the same tube with open-end ignition and the top
closed is reported and then its propagation mechanism is examined by comparison with that of the
above dust. Cork dust is of high flammability and high dispersability, and R.H.Essenhigh et al. have
reported the nature of flame propagation in clouds of the cork dust showing some distribution of
particle sizes (1958). .

Here, the dust was sieved strictly into five samples, of which mean particle diameters were,
respectively, 90, 125, 180, 255 and 360 um. Thermal gravimetric analysis of the dust samples showed
65.7% weight loss and 34.3% carbon residue on heating to about 600°C in nitrogen atmosphere. The
lower limit of flammability (0.037 mg/l) and the limiting flame speed at that limit (about 40 cm/s)
were ascertained to be independent of dust fineness. This characteristics is contrary to the general
tendency for the flammability of dusts to increase as the particle sizes become smaller. Then,
measurement of the mean dust falling velocity on the limit was made at the base of the tube, and
their values were shown to be within a relatively narrow range for these samples. This may imply
that the propagation mechanism is common to all the samples at the limit. |

Direct photographs of near-limit flames propagating upwards showed many independent spherical
diffusion flames of individual particles, irrespective of dust fineness and except for the sample of
mean particle diameter 90 #m formed agglomeration, and that the flame length was between about 2
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and 10 cm. The burning process of a particle at the flame front could be followed on cine-filming
with application of a Mach~Zehnder interferometer. It showed the two stage burning for individual
particles corresponding to the first stage of the combustion of volatile matters and pyrolysates, and
then the second stage of the surface combustion of carbon residues of the particle. The increasing
‘ratios of the maximum visible flame diameter to initial particle mean diameter were obtained with
decreasing particle diameters for the flame of a single particle near the flame front. They appear to
be comparable with that of combustion of fuel drops in suspensions.

Photomicrographs of the particles quenched on the tube wall while burning indicated that the
material around the particle contained needle-like crystallines in some cases. They were probably
celin or friedelin involved in the cork, as predicted from TGA.

The motion of particles ahead of the flame was analysed in the records on films of silhouettes of
unburned particles against the back-illuminating light, where the distribution of particle velocities
was gained for downward and upward movements. As expected, the ratio of number of particles
travelling upwards to that for falling down was increased with increasing dust fineness at the.limit,
and also dependent on flame speed, or dust concentration. ‘The particles moving up were likely easy
to ignite in the flame front, as they would have to reverse their direction of falling for upward
propagating flames. These movement of particles could be attributed to the flow of air in front of
the flame, similar to that of laminar propagation of gaseous premixed flame in a tube.

From the above observation, the mechanism that the flame propagates discontinuously from one
particle to the another is considered to apply to cork dusts of all the particle sizes near the limit.
However, the burning particles became to merge forming a continuous yellow flame front with
separate burning particles in the coherent underside of the flame, with increasing dust concentration
above the limit for the particle sizes over 180 #m. This showes that the flame propagation mechanism
transfers to that of the whole upward diffusion flame, like that observed previously in one of the

polyethylene dust flames.
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40~50 360 0. 037 0. 003 46
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Photo.§ Interferogram sequcnce of ﬁromcraimg cork-dust flame
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Fig.9 Distribution of mean velocity of particle
movement prior to flame passage dp=
180 um, V,=60cm/s
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Table 2 Mean velocity of movement of dust particles in suspension, prior to flame passage

BN CARE BT S, KEFEEMOBTFOFSBEEE
dm : particle mean diameter. (EHRTFE)

#n : number of particles, of which velocities were measured in observation area.

(ERRF3E0
V : flame speed. (k458

+T7_'g : mean velocity of downwards movent (fall) of particles. (SEISTLENEE)
—V, : mean velocity of upwards movement of particles. (+I1¥TFF, —ik EABEE)
—n' or +#n':number of particles taking upwards or downwards movements,

respectively. (b, FRABE» TR TH)

dn, " Vy +7V, ~V, 7,7, +a'ln | —n'ln Ry
(4m) ~(cm/s) (cm/s) (cm/s) (%) (%)
125 298 50 24411 17+5 0.76 54 46 0.85
" 224 62 23410 1545 0. 65 61 39 0.64
180 353 54 23+ 9 14+6 0.61 73 27 0.37
255 355 58 28+10 1746 0.61 97 21 0.27
] 150 70 31411 19+8 0,61 73 27 0.37
360 300 43 27412 126 0.44 89 11 0.12
] 351 66 32+17 1245 0.38 36 14 0.16
" 313 82 39+19 2147 0.54 73 27 0.37
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Fig.10 A-B Hot-wire anemometer recorder
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(A) Dust-dispersion, only (B) Flame
propagation. d,, =125 um, a. Start of dust
falling, b. Tube closed at top and
ignition, c¢. Flame passage
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Photo.8 Near axi-symmetric interferograms of dust-flame
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Fig.11 Temperature distributions with burn-
ing particles at the flame front,
derived from Photo. 8
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Experimental Studies of Laminar Flame Propagation in Dust Suspensions (I)
——Cork Dust-Air Flame—

by Toei Matsuda

Technical Note of the Research Institute of Industrial Safety.

RIIS-TN-77-7, 1~15 (1978)

Measurements of lower flammability limit, limiting flame speed and mean
velocity of dust fall are made on the laminar propagation of cork dust flames
and the propagation mechanism is examined. Cine-film observation showes the
burning process of an individual particle. The particulate flame propagation is
seen for all the particle sizes near the limit.

(11 figs., 8 photo., 2 tables and 7 refs.)





