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Abstract

To compare the explosion suppression performance of dry water modified with different active
components, a 20 L spherical explosion vessel was employed to investigate the effects of conven-
tional dry water and dry water modified with ammonium dihydrogen phosphate (MAP), melamine
polyphosphate (MPP), and melamine cyanurate (MCA) on the explosion pressure, pressure rise rate,
characteristic time, and flame evolution of bituminous coal dust at a concentration of 200 g/m3. The
addition ratios of the suppressants ranged from 5% to 30%. At low addition ratios, conventional
dry water, MPP-modified dry water, and MCA-modified dry water caused a temporary increase in
the maximum explosion pressure, whereas MAP-modified dry water exhibited a continuous sup-
pression effect with increasing addition ratio. At an addition ratio of 30%, the maximum explosion
pressures for the four dry-water systems decreased to 0.109, 0.113, 0.099, and 0.103 MPa, corre-
sponding to suppression efficiencies of 83.80%, 83.33%, 85.40%, and 84.81%, respectively. Mean-
while, the maximum pressure rise rates decreased to 7.5, 7.5, 5.0, and 5.0 MPa/s, respectively. At an
addition ratio of 25%, both the explosion induction time and combustion duration were signifi-
cantly prolonged, with MPP-modified dry water producing the greatest extension. Flame propaga-
tion developed rapidly within 0~16 ms, whereas the explosion pressure response showed a relative
time lag. At an addition ratio of 10%, MAP-modified dry water resulted in the fastest flame attenu-
ation. The results indicate that dry-water-based explosion suppression exhibits a distinct critical
addition ratio, and MAP-modified dry water shows a particular advantage owing to its stable sup-
pression performance at relatively low addition ratios.
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Figure 1. Standard 20 L spherical experimental apparatus for coal dust
explosion tests
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Figure 2. Explosion pressure curves and variations in characteristic parameters at different coal dust concentrations
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Figure 3. Effects of different dry-water addition ratios on the maximum explosion pressure and its suppression efficiency
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Figure 4. Effects of different dry-water addition ratios on the maximum rate of explosion pressure rise and its suppression
efficiency
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Figure 5. Flame evolution and quantitative parameters of coal dust explosions after the addition of 10% different dry-water
explosion suppressants
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