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Computational Assessment of Electrostatic Hazards
in Silo Filling Operations™

by Atsushi OHsAWA**

Abstract: It is well known that charges accumulate on powder particles by frictional contact
electrification during the handling, processing and transport of powders. In filling operations with
the charged powder, charges stored in vessels can lead to electrostatic hazards. This is because
the charges often build up strong electric fields to produce electrostatic discharges including incendiary
discharges that can induce ignition of any flammable powder dusts or vapors present in vessels. To
prevent such electrostatic discharge(d ESDO hazards, it is important to understand the mechanisms
of the formation of the strong electric fields and the occurrence of the incendiary discharges.
Computer simulation may be powerful to explore the mechanism and to assess the ESD hazards
because it is easy to change the conditions of operations and the properties of powder in simulations
rather than experiments.

This paper presents the computational assessment of electrostatic hazards associated with filling
processes with charged powder. Since the particle-in-cell technique has been used in the simulation,
the simulation has been able to give self-consistent solutions for both the motions of charged particles
and the electric fields inside the vessels. However, in the previous model of the simulation, charge
dissipation processes were assumed to be ignored. The assumption caused an overestimation of the
electrostatic hazards because the charge dissipation processes, i.e., charge relaxation of powder heap
and discharges, reduce the electrostatic hazards as long as discharge energies are low. Therefore,
in this paper we propose models of the charge dissipation processes and present a simulation for a
vessel of 1 m in diameter and a monodisperse powder of 1 mm in diameter and of 1 uC/kg in
charge-to-mass ratio. The models gave a much truer simulation than the previous ones and the
results of the simulation were comparable with those of experiments. Under the simulation conditions
studied in this paper all discharges occurred on a heap surface, and the simulation estimated that
incendiary discharges could be produced.

Keywords; Particle-in-cell simulation, Charged powder, Filling operation, Electrostatic discharge,
Charge relaxation, Electrostatic hazards
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Fig. 1 A cycle of one time step of the simulation.
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Fig. 2 Computer model of discharge.
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Table 1 Simulation conditions studied.
gooooobooog
DHameter of vessel I m
Height of wessel 1mm
Dizameter of inlet pips 01 m
Mass flow rate 1 kg's
Imirial velocity of parbiclies 0.5 mis
Charge o mass ratia | pwCikg
Particle diameter (monodisperse) | mm
Specific gravity 1 glem’
Hulk valume ratio 0.741
Bepose angle Eil|
Felative permeltivily nfanEr madersal 2
Charge relaxation time 10's
Number of muperparticles 10° kg
Grid sepamation Ar and Az 2.3 em
Computational time step AF [ ms
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Fig. 3 Powder particle positions in space and heap profiles at timel alJ 50s,00 b0 100s,00 cO 150s andO dO 200s.

ggoboobooobooobobooooo

600x10° o  (a)
500 |
400
300
200 |
100 —

Maximum potential (V)

I I I 1
0 50 100 150 200
Time (s)

Fig. 4  Time variation ofQJ a0 maximum potential

OO0D0O00abOODOODObO

3.0x10° o

(b)
2.5 -

2.0
15—+

1.0 H

Maximum electric field (V/m)

I I I 1
0 50 100 150 200
Time (s)

andd b0 maximum electric field except inside heap.



rimi

0001 02 05 04 05

oooooooocooooooobcooooooobooooooooos

k]

L]

s

QA —

rimji
1a]

f i

il

04 0.1 02 03 04 08

# i)

L]

00

ALl

ol ot 02 03 04 05
rmy)

L)

Ol O 02 03 0d DE
! imy

p——

o 10

] 1 | |
20

Emciric iald sirercth (Kem]

Fig. 5 Distributions of electric fields and contour plots of potentials atd all 50s,0 b0 100s,0 cO 150s, and™ dO0 200s.
The unit of values on equipotential curves is in kV. Solid discrete lines indicate the profiles of powder
heaps.
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Fig. 6  Charge dischargedd alJ and discharge energyld b0 of each discharge with time.
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List of values obtained from the simulation.
goooooooog

Table 2

Beginning iime of dischange LA
Mumber ol dischargss 154312
Number ol incendiary discharpes (=10 mJ) 55
Avernge polential aver heap surfice a1 stesdy slabe
60 EY
Avernpe electric fisld over heap surface af steady siate
26,8 kV¥iem
Average charge discharged 01.47 m
Maximuen charge dischamged 8% nl
Avernge discharge cnengy 0135 mJ
Maximum discharge energy B8, ml

gboobooooboobobobooooobobgon

gboobooooboobobobooooobobgon

gooog
gbooooodTable20000000OO

4. 00O

gooooobooboboooobobobooo
goboboooobobobobooooobobon
goboboooobobobobooooobobon
goboooboobooboobooboobooono
gbobooooboboboooooboobobgn
gbobooooboboboboooboobobgn
goboobogoooo

goooooboboboooobobobooo
gbobooboobobobooboobo

gogo

10 Glor, M., J. Electrostat. 16, pp.175-910 19880

20 Glor, M., Electrostatic Hazards in Powder
Handling, John Wiley Sons, New York[ 198801

30 Jones, T.B. and King, J.L., Powder Handling and
Electrostatics: Understanding and Preventing
Hazards, Lewis Publishers, Michigand 199101

00o0000000000NIS-RR-20030 20040

40 Litgens, G. and Wilson, N., Electrostatic hazards,
Butterworth Heinemann, Oxfordd 199701
50 Boschung, P., Hilgner, W., Llttgens, G., Maurer,
B. and Widmer, A., J. Electrostat. 3, pp.303-10
019770
60 Maurer, B., Glor, M., Litgens, G. and Post, L.,
J. Electrostat. 23, pp.25-340 198901
70 Glor, M., Lutgens, G., Maurer, B. and Post, L.,
J. Electrostat. 23, pp.35-430 198901
80 Glor, M., J. Electrostat. 15, 223-15[119840]
90 Glor, M. and Schwenzfeuer, K., J. Electrostat.,
4000 41, pp.511-60 199701
100 Kodama, T., Suzuki, T., Mogami, T. and Watano,
S.,Proceedings World Congress on Particle
Technology 4, pp.3260 20020
110 Kodama, T., Suzuki, T., Mogami, T. and Watano,
S., Powder Tech. 135-136, pp.209-150 20030
1200 Ohsawa, A., J. Electrostat., 43, pp.187-201
[0 199801 187.
130 Ohsawa, A., J. Electrostat., 46, pp.153-61011999]
1400 Ohsawa, A., Proceedings World Congress on
Particle Technology 4, 3290 200201
150 Ohsawa, A., Powder Tech. pp.135-136, pp.216-
220120030
1600 Hockney, R.W. and Eastwood, J.W., Computer
Simulation Using Particles, McGraw-Hill, New
York( 198101
170 Birdsall, C.K. and Langdon, A.B., Plasma
Physics via Computer Simulation, McGraw-Hill,
New York[O 19850]
1801 Raizer, Y.P., Gas Discharge Physics, Springer-
Verlag, Berlin,[0 199101
190 Ohsawa, A., Morrow, R. and Murphy, A. B., J.
Phys. D:Appl. Phys., 33, pp.1487-9200 200100
200 Boschung, P. and Glor, M., J. Electrostat., 8,
pp.205-190 198001

ob0i1s0120260 000



