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The Effect of Air Velocity on Minimum Ignition Energy for Flowing
Dust-Air Mixtures in a Tube
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Abstract ; In pneumatic transport system of combustible dusts, a dust explosion could be

propagated extensively ‘throughout the system by the presence of conveying air. Safety concerns
are needed in the design and operation of the system.

Experiments have been conducted to investigate the effect of conveying air speed on
minimum energy requirements for the electric spark ignition in air flow of cork dust, ABC-resin
powder and some other industrial types of dust in a small tube. The dust-air mixtures flowing
at air velocities between 10 and 35 m/s were formed in the 4.2 or 5.3-cm in diameter by 13-m
-long horizontal steel tube of a suction-type laboratory pneumatic system. Dust was supplied
at the air inlet of the tube by a vibratory feeder and optical monitors were used to follow
uniformity of the dust concentrations through the tube. The optical transmission data at the
cross-section of the 4.2-cm diameter tube, showed for the flow to be well homogeneously
dispersed mixtures of dust at the concentrations up to 0.8 kg/m?, at which the dust probe
showed an upper detecting limit. Therefore, the smaller diameter tube was more suitable for
use in these tests.

Ignition was produced with capacitance spark whose energy and duration could be varied
independently. At a distance of 6.5 m downstream from the dust inlet, the spark electrodes of
pointed steel bars of 2-mm dia. were situated vertical to the flow. A very wide range of
phenomena is involved in two-phase flow. With reference to the available data on velocity
gradient between particles and gases, tip of the lower electrode was fixed at a height of one-
third of the tube diameter from the bottom wall.

First in the preliminary ignition tests, the optimum spark duration and electrode gap width
were determined at various dust concentrations and air velocities. The reverse effect of air
velocity was found here both for the optimum spark duration and for the optimum spark gap
width, since the reported data by other investigators suggest that optimum spark duration
reduces and optimum gap width increases with increase in air velocity for gas or liquid spray
fuels. The flow condition in the present test were different from that of the earlier studies. It
will be also responsible for the effect that the relatively larger chemical time scale for the case
of dust flames than gas flames is required.:
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At a given velocity, measurements of minimum ignition energy versus dust concentrations
were performed using predetermined optimum values of spark gap and spark duration.

The ignition energy decreased rapidly as the dust concentration increased, until it reached
the minimum for all the dust. After that, at the lower air velocities the ignition energy increased
fairly slowly, but at the higher air velocities it raised sharply with increasing dust concentra-
tions. The optimum dust concentration, at which the minimum ignition energy was given,
slightly shifted its value to a lower side with increasing air velocities. Increse in the air-flow
velocity markedly elevated the minimum ignition energy of flowing dust-air mixtures in the
tube. A more detailed investigation of the flow parameters having an influence on minimum
ignition energy in flowing dust mixtures will be required to obtain a fuller understanding of the
dust ignition processes in the flows.

From the relation between the ignition energy and the dust concentration, spark ignitability
curves are drawn which separates the domain of concentrations and conveying air velocities
that are spark-ignitable at an energy level from the domain that is not. Spark ignitability limits
- were narrowed by an increase in conveying air velocity. At an ignition energy level, the lower
ignitability limit was almost not affected, but the upper one extremely shifted its value to a
lower side with an increase in air speeds. Eventually they reached a critical extinction air
velocity above which flame was no longer propagated at any dust concentrations at that given
ignition energy for the dust-air flows in the tube. These ignitability curves validate the
previously reported data, which have been obtained using a full-scale pneumatic transport

system (7.5 or 10-cm in dia. and 86.6-m long pipes) .
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Table 1 Properties of the combustible dusts.

AIHRMERR C A D
Cork ABS-resin | ABS-resin | ABS-resin |Polyethylene|Polyethylenel Cellulose
Types of dust
(1) (11) (m) (1) (1) acetate
Mean diameter (um)
mass-weighted dw 28 74 58 166 21 86 38
surface-area-weighted ds 14 29 28 95 14 60 21
Specific surface area {cm®/g) | 16,520 3,800 4,300 620 4,120 2,030 6,140
Specific area mean diameter (um) 20 17 15 130 16 32 8
Density (g/cm?) 0.21 0.95 0.95 0.74 0.92 0.92 1.26
Heat of combustion (cal/g) 6,450 9,720 9,660 9,480 11,110 11,110 4,470
Moisture (wt. %) 5.5 0.7 0.7 0.7 0.1 0.1/ 3.4
Ultimate chemical analysis (%)
C 58.6 85.0 85.4 84.8 85.4 85.4 47.6
H 7.2 8.8 8.6 7.9 14.1 14.1 5.5
N 1.1 4.5 4.6 6.0 0.1 0.0 0.1
0 31.4 0.3 0.3 0.2 0.3 0.2 41.7
Hydrogen-to-carbon ratio: H/C 1.47 1.24 1.21 1.12 1.98 1.98 1.39
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Fig.12 Minimum ignition energy data for cork at various
air velocities in the 2” tube.
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Fig.18 Domains of spark ignitability for cork in the 2”
tube at various spark ignition energies.
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