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Self-Consistent Simulation of Charged Powders and
Its Application to Evaluating Electrostatic Hazards

by Atsushi OHSAWA™*

Abstract: During the handling and processing of powders, it is well known that charge accumulate
on the powder particles. When these charged powders enter and accumulate in a vessel, a large
amount of charge can be stored and can lead to electrostatic hazards. To prevent such hazards, it is
important to understand the mechanism of the formation of the hazards. In this paper, we present a
self-consistent simulation of charged powder entering a vessel for modeling electrostatic phenomena
and evaluating electrostatic hazards.

The particle-in-cell technique has been used to simulate charged powders entering a vessel. The
motion of charged particles and the electric field inside the vessel have been solved self-consistently.
The particle size distribution of the powder has also been taken into account. The probability of
incendiary discharges is considered based on calculated local electric fields and electrostatic energies.

It was found that the motion of particles strongly depends on particle size. Lighter particles in the
powder were trapped in the upper region by a self-generated and heap electric fields. Since there was
no large charged cloud of dispersed powder in air space, no lightning-like discharge is likely to occur
under the simulated conditions. The position of the strongest electric field was initially in vicinity
of the inlet pipe until the heap is formed or on the heap from the heap is completely formed. The
possibility of incendiary discharges on the top of the heap is demonstrated.

Keywords; Particle-in-cell technique, Self-consistent simulation of charged powders, Electrostatic
hazards, Particle size distribution
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Table 1  The assumptions used in the simulation.
Yiab—varTRHLVLALERE

vessel
radius 0.5m
height 1.0m
inlet pipe diameter 10 cm

powder or particle

charge 1.0 uC/kg
specific gravity 1.0
relative permittivity 2.0

initial velocity 0.5 m/s
mass flow rate 1.0 kg/s
angle of repose 35 degrees
deposited powder c.c.p.*
particle size distribution log-normal
D50%** 100 pum
D15.9%** 200 pm

* c.c.p.: cubic close-packing structure.

**D50%, D15.9%: the 50% diameter, the 15.9%
diameter of the oversize distribution of the
powder, respectively.
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Fig. 1  Flow of the simulation for one time step.
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Fig. 2 Temporal evolution of particle positions. (a) 5s, (b) 10s, (c) 15s, (d) 20s, (e) 25s, (f) 30s.
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Fig. 3 Temporal evolution of electric field. (a) 5s, (b) 10s, (c) 15s, (d) 20s, (e) 25s, (f) 30s.
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Fig. 4  Spatial particle distributions according to their diameters at t = 30s. (a) diameter D < 25 um, {b) 256 < D < 50

pm, (¢) 50 < D < 100 pm, (d) 100 < D < 200 pm.
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Fig. 5 Spatial distribution of electrostatic energy of
the accumulated charges per unit volume at
t = 30s.
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