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4 . Effect of Discharge Conditions on Measuring Minimum Ignition
Energy for Dusts*

by Mizuki YAMAGUMA**, Tsutomu KopaMa** and Pei-Lan WaNG***

Abstract : Minimum Ignition Energies (MIEs) for dusts have long been measured using the Hartmann
test tube apparatus. In the apparatus, the static energy stored in a capacitor is supplied to the air-gap to
cause an incendiary spark discharge. In accordance with the IEC standard, an inductor of 1-2 mH should
be serially connected in the circuit to prolong the duration of a discharge in order to facilitate the ignition
of dust. In the light of actual conditions where combustible dusts are handled, however, another passive
element like a resistor should be taken into account. In this context, resistors of 25 kQ - 500 kQ were
connected to the electric circuit of an apparatus in place of the inductor, and then the measurements of
ignition energies for sugar powder were carried out. The minimum ignition energy was 6.8 mJ, much
smaller than the value of 27 mJ taken with the inductor. Discharges resembled glow discharges, which
have longer duration and higher gap voltage than arc discharges. About two to twelve percent of the
static energy stored in the capacitor, depending on the resistances, was released as a discharge. Generally,
higher resistances caused more energetic discharges, contrary to our prediction.
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Fig. 1 Apparatus for measuring Minimum Ignition Energy of dust
(Hartmann tube).
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Fig. 2 Typical waveforms of discharge current and
voltage acquired by “sample mode”. (R =200
kQ, gap=4 mm, C=1000pF, V=15KkV)
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Fig. 3 Discharge current and gap voltage waveforms acquired by “high resolution mode”.
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Fig. 4 Frequency characteristics of choking coil.
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Table 1 Equivalent resistance of discharge channel and discharge energy ratio to stored energy.
HEBROEMEMBRUTHELRINF L
gap=4mm
25k 50k Q 100k Q 200k Q

C[pF] VIkV]Ec[mJ] IWd[mJ] Er[%] Re[kQ!iWd[mJ] Er[%] RelkQ1|WdimJ] Er{%] RelkQ1|Wd[mJ] Er[%] Re[kQ]
5000 15 563 {22.80 4.1 1.1129.97 5.3 2.8 145.06 8.0 8.7 145.89 8.2 17.8
5000 12 360 |22.71 6.3 1.7 {27.69 7.7 4.2 133.78 9.4 10.4136.83 10.2 22.8
5000 10 250 {18.83 7.5 2.0 118.24 7.3 3.9(30.56 12.2 13.9|30.87 12.3 28.2
5000 8 160 {15.89 9.9 2.8 |14.69 9.2 5.1]16.58 10.4 11.623.43 14.6 34.3
2500 15 281 |10.30 3.7 1.0{12.84 4.6 2.4 (15.75 5.6 5.9 126.82 9.5 21.1
2500 12 180 | 7.37 4.1 1.1112.96 7.2 3.9113.73 7.6 8.3(18.24 10.1 22.6
2500 10 125 8.47 6.8 1.8 111.09 8.9 4.9 111.15 8.9 9.8[16.94 13.6 31.4
2500 8 80 - - - 5.47 6.8 3.7} 9.76 12.2 13.9110.52 13.2 30.3
1000 15 113 | 2.84 2.5 0.6 4.61 4.1 2.1 8.18 7.3 7.8 1 8.65 7.7 16.7
1000 12 72| 3.76 5.2 1.4 4.59 6.4 3.4 5.75 8.0 8.7 7.13 9.9 22.0
1000 10 50| 2.74 5.5 1.4 3.42 6.8 3.71] 4.63 9.3 10.2 | 4.51 9.0 19.8
1000 8 32 - - - 2.42 7.6 4.1] 3.81 11.9 13.5| 4.23 13.2 30.5
300 15 34 - - - 0.69 2.0 1.0} 1.02 3.0 3.1 3.07 9.1 20.0
300 12 22 - - - 0.77 3.6 1.8 | 0.99 4.6 4.812.25 10.4 23.3
300 10 15 - - - 0.46 3.1 1.6 0.74 4.9 5.211.57 10.5 23.4
300 8 9.6 - - - - - - - - - 1.44 15.0 35.3
100 15 11 - - - 0.27 2.4 1.2} 0.31 2.8 2.8 0.84 7.5 16.1
100 12 7.2 - - - 0.41 5.7 3.0 0.34 4.7 5.0 0.67 9.3 20.5
100 10 5.0 - - - - - 0.32 6.4 6.8 0.49 9.8 21.7
100 8 3.2 - - - - - - - - - 0.42 13.1 30.2

C : Capacitance,
lent resistance
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Table 2 Variation of mean spark delay time, Ty (us) with respect to charge voltage and resistance.
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100 __ 200 25 50 100 _ 200

15kV 21 8 89 28| 50 31

40 52 2 0 0 23

105 208 | 259 780 142 660
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13565 1041 ) 220 112 790 2214
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8kV - - 648 252 | -

42 624 60 ] 346 580 570 770
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