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Electrostatic discharge in powder‑storage silos: 
Frequency and energy analysis under various conditions
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Abstract：To explore the electrostatic discharge behavior of 
charged powders in industrial silos， discharge experiments 
are conducted based on a full⁃size industrial silo discharge 
platform.  Electrostatic discharge mode， frequency， and en⁃
ergy are investigated for powders of different polarities.  Al⁃
though the powders have low charge⁃to⁃mass ratios 
（ +0. 087 μC/kg for the positively charged powders and 
−0. 26 μC/kg for the negatively charged ones）， electrostatic 
discharges occur approximately every 10 s， with the maxi⁃
mum discharge energy being 800 mJ.  Powder polarity con⁃
siderably influences discharge energy.  The positive pow⁃
ders exhibit higher discharge energy than the negative ones， 
although discharge frequency remains similar for both.  Ef⁃
fects of powder charge， humidity， and mass flow on dis⁃
charge frequency and discharge energy are quantitatively 
analyzed， providing important insights for the improvement 
of safety in industrial powder handling.
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During production， transportation， and storage of 
powders， static charge accumulates on their sur⁃

faces because of frequent contact and separation of par⁃
ticles， as well as interactions with reactor and pipeline 
walls［1⁃3］.  Electrostatics can alter the flow properties in 
reactors， resulting in particle agglomeration and wall ad⁃
hesion， which negatively impact product quality［4⁃6］.  
Charged powders in silos can accumulate static electricity 
of up to tens of thousands of volts， thereby posing a con⁃
siderable risk of electrostatic discharge［7⁃8］.  The dis⁃
charges can ignite dust or flammable gases， resulting in 
fires or explosions that threaten personnel safety and 
cause substantial economic losses［9］.  Therefore， study⁃

ing the electrostatic discharge characteristics in silos is 
crucial for safe operation of powder handling systems.

Powder charge is influenced by particle properties， op⁃
erating parameters， and environmental conditions.  Lan 
et al. ［10］ measured the charge⁃to⁃mass ratio of polypro⁃
pylene powders in pneumatic conveying tests and ob⁃
served values between −6 and −7 μC/kg.  Tan［11］ reported 
that the charge⁃to⁃mass ratio in polyolefin silos ranged 
from − 10 to +10 μC/kg， with most values between − 5 
and +5 μC/kg.  Lei et al.［12］ investigated the effect of 
electrostatic fields on interparticle interactions.  Cart⁃
wright et al.［13］ observed the bipolar charging of polyeth⁃
ylene powders in silos and noted that particles of differ⁃
ent sizes tended to acquire opposite charges during trans⁃
port.  However， the charging and discharge properties of 
powders with different polarities are still limited.  Mau⁃
rer. ［14］ observed heap surface discharges （cone dis⁃
charges） in full⁃scale polyethylene silos and identified 
them as potential sources of ignition.  Glor et al.  ［15⁃17］ in⁃
vestigated electrostatic discharges in silos via monitoring 
of electric field strength， radio frequency signals， and 
discharge images.  Their results demonstrated that the fill⁃
ing method， silo diameter， and material type affect the 
discharge laws.  Recently， Choi et al.［18⁃19］ observed both 
brush and broad bulk discharges in metal silos by using 
image intensifiers and investigated the manner in which 
probe diameter and distance from the powder heap sur⁃
face influenced the discharge behavior.  The discharge en⁃
ergy between the charged powder pile and metal protru⁃
sion could reach up to 1000 mJ， which posed consider⁃
able risks.  Zhou et al. ［20⁃22］ investigated the discharge 
patterns during the filling of a silo with different polarity 
powders and examined the discharging properties of bipo⁃
lar ionizers.  Despite extensive studies on powder charg⁃
ing and discharging behaviors， the discharge frequency 
and energy⁃release laws of different polarity powders in 
silos still remain unclear.

Herein， a full⁃scale silo discharge platform is used to 
investigate the electrostatic discharge behavior of differ⁃
ent polarity powders.  The frequency and energy⁃release 
properties of electrostatic discharges are studied through 
analysis of spatial electric field variations and discharge 
images.  In addition， the effects of powder charge， hu⁃
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midity， and filling speed on discharge frequency and en⁃
ergy distribution are investigated.
1　Experimental Setup and Methodology

1. 1　Experimental setup

Electrostatic discharge experiments were performed us⁃
ing a full⁃scale industrial powder conveying system， as 
shown in Fig. 1.  The setup included a Faraday cup and 
an electrometer to measure the charge⁃to⁃mass ratio， as 
well as an image intensifier and an electric field meter to 
record discharge properties.  The powder discharge sys⁃
tem consisted of a gas supply system， a pneumatic con⁃
veying system， and an electrostatic detection system.  

Compressed air from the Roots blower was cooled to am⁃
bient temperature， and humidity was adjusted using a wa⁃
ter separator and filter.  A bypass system was employed 
to control the airflow.  Powder flow into the conveying 
line was regulated using a rotary valve at the silo outlet.  
After mixing with a high⁃velocity air stream， the powder 
was transported to the discharge silo for a discharge test.  
A bipolar DC ionotron controller in the pipeline was em⁃
ployed to adjust the powder charge by blowing positive 
and negative ion winds.  Sampling was conducted at the 
outlet valve before the pipeline entered the silo， and the 
powder charge⁃to⁃mass ratio was obtained via weighing 
and charge measurement.  The discharge silo was 
equipped with an image intensifier at the top and an elec⁃
tric field probe in the middle so as to continuously record 
discharge images and electric fields， respectively.  Dur⁃
ing the experiments， the air flow was set to 26. 5 m³/min 
at a speed of 39 m/s and a temperature of 17. 5°C.  The 
conveying pipeline had a diameter of 0. 1 m and a length 
of 35 m.  The discharge silo was 6 m high， had a maxi⁃
mum diameter of 3 m， and a volume of 27. 9 m³.  All ex⁃
perimental equipment was made of stainless steel and 
was well grounded.
1. 2　Analysis of experimental data

1. 2. 1　Discharge frequency
As the silo was filled with charged powder， the elec⁃

tric field changed because of powder flow， charge dissi⁃
pation， and electrostatic discharge， as shown in Figs. 2 
and 3.  When the positively charged powder entered the 
silo， rapid accumulation of electrostatic charges in⁃
creased the electric field strength， as shown in section 
AB of Fig. 2（a）.  When the electric field became suffi⁃
ciently strong to ionize the air， a large amount of static 
charge was immediately released， resulting in a rapid de⁃
crease in the electric field， as shown in section BC.  As 
charged powder continued to fill the silo， the discharges 
persisted， and the electric field followed a repeating 
ABC pattern.  For positive⁃polarity discharges， dot dis⁃
charges exhibited low discharge intensity， resulting in 
minimal changes in the electric field.  Linear discharges 
originated from dot discharges， with longer discharge 
paths and more charge release， hence resulting in greater 
changes in the electric field.  Dendritic discharges were 
observed to be extended modes of linear discharges， 
which have longer discharge paths and can release more 
charge， resulting in notable fluctuations in the electric 
field.  Fluctuations in the electric field were extracted 
from electric field variations， as shown in Fig. 2（b）.  
The electric field data and discharge images indicated 
that different discharge patterns caused different varia⁃
tions in electric field fluctuation.  The regular and 
anomaly areas in this study were defined： strong dis⁃
charges caused notable fluctuations， while weaker dis⁃

Fig. 1　Powder electrostatic discharge test system.  （a） Pneu⁃
matic conveying system； （b） Powder discharge system； （c） 
Schematic of powder discharge system
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charges or particle flows caused slight changes.  We fo⁃
cus on the strong electrostatic discharges （ΔE>5 kV/m） 
because they are more dangerous.  Weak discharges， 
characterized by minimal variations in field strength， as 
well as fluctuations during the filling process caused by 
factors such as instability in filling rate and randomness 
in charging parameters， are excluded from consider⁃
ation.  Powder polarity affects the fluctuation direction of 
electric field strength， as shown in Fig. 3.  When the silo 
was filled with negatively charged powders， the dis⁃
charges were typically brush and broad bulk ones.  The 
brush discharges are continuously generated near the silo 
wall， and they could ignite combustible gases with an 
equivalent ignition energy of less than 3. 6 mJ.  The ring 
shape of brush discharges was clearly captured， as shown 
in Fig. 3.  These discharges appeared as small， concen⁃
trated， and often linear patterns， resembling the bristles 
of a brush.  During brush discharges， the release of 
charge is less and the discharge energy tends to be lower 
in comparison with other types of discharges， resulting 
in minimal fluctuations in electric field strength.  Broad 

bulk discharges often occurred at the heap surface， 
where the brush discharges could not reach ， and they 
could easily ignite gases or dust with an equivalent 
ignition energy of more than 10 mJ.  The broad bulk dis⁃
charge exhibited a feather⁃like shape， and the larger dis⁃
charge area meant that more molecules were ionized and 
more charges were emitted， which considerably changed 
the electric field.  Herein， we investigated the effect of 
charge⁃to⁃mass ratio and other experimental conditions 
on electrostatic discharge characteristics.  Charging type 
of particles could notably influence discharge behavior.  
In particular， positively charged ions may interact differ⁃
ently with particles compared with negatively charged 
electrons.  Results of experiments demonstrated that dis⁃
charge patterns for different polarity powders were unaf⁃
fected by ionic wind.  However， further research is 
needed to determine whether the minimum 
charge⁃to⁃mass ratio required to induce discharge is influ⁃
enced by the charging type of powder.  To minimize po⁃
tential errors， the ionized wind was solely used to charge 
only positively polarized powders.
1. 2. 2　Discharge energy

The electric field inside the silo was simulated on the 
basis of experimental data so as to determine the relation⁃
ship between electrostatic field charge and static charge 
released by powder.  Electrostatic discharge energy （we） 
was calculated using charge transfer （∆Q）［23］.  An elec⁃
trostatic field model of the charged⁃powder silo was es⁃
tablished using COMSOL Multiphysics.  The silo model 
included charged powder and air， as shown in Fig. 4.  
The model and experimental silo had identical dimen⁃
sions， with a powder dielectric constant of 3. 2.  The 
minimum grid size was set to 0. 1 mm， and the maxi⁃
mum growth rate was set to 1. 2.  The model has been 
widely used to calculate electrostatic field distributions in 
silos ［24］.

The distribution of electrostatic potential in the powder 
and gas space was calculated using Poisson’s and La⁃
place’s equations， respectively.

Fig. 2　 Spatial electric field variation with positive⁃polarity 
powder filling.  （a） Original electric field； （b） Fluctuations in 
electric field strength

Fig. 3　 Spatial electric field variation with negative⁃polarity 
powder filling.  （a） Original electric field； （b） Fluctuations in 
electric field strength

Fig. 4　Schematic of discharge silo mode.  （a） Silo model 
（unit： m）； （b） Grid
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∇2ϕ = ì
í
î

ïï-ρ (εrε0 )        Powder space
0                          Gas space （1）

where ϕ denotes the electric potential in the silo； ε0 is 
the permittivity of vacuum （8. 854 pF/m）； εr is the rela⁃
tive permittivity of the material.  The electric field 
strength E （V/m） in the silo is defined as the gradient of 
the potential.

E = -∇ϕ （2）
With the metal silo being well grounded， the boundary 

conditions are
ì

í

î

ïïïï

ïïïï

ϕ = 0，  z = 0
ϕ = 0，  r = D 2
ϕ = 0，  z = H

（3）

where H denotes the height of the silo， and D is the diam⁃
eter of the powder heap.  For the powder⁃gas interface， it 
is assumed that there exists no surface charge on the pow⁃
der heap surface.  Therefore，

ϕgas = ϕpowder （4）
∂ϕgas

∂z
= εr∂ϕpowder

∂z
（5）

∂ϕgas
∂r

= ∂ϕpowder
∂r

（6）
where ϕgas and ϕpowder denote electric potentials in the gas 
and powder spaces， respectively.

The relationship between electric field changes at the 
measuring point and the released charge of charged pow⁃
der is described in Eq.（7） on the basis of the simulation 
results.  The electric field increases linearly with the 
filled powder charge.  The powder charge increased from 
6 to 43 μC when the electric field was changed from 10 to 
80 kV/m.  Combined with empirical equations for dis⁃
charge energy derived from the experiments in Ref.［23］， 
the relationship between electric field fluctuations and 
discharge energy is outlined in Eq.（8）.  When electric 
field fluctuations increased from 10 to 80 kV/m， the dis⁃
charge energy increased from 100 to 900 mJ.  This study 
examined the electrostatic discharge energy using the fit⁃
ting formula in Eq. （8）， which relates electric field 
changes to discharge energy in our experiments.

∆Q = 0. 523∆E （7）
we = 9. 188∆E2 + 0. 027∆E - 25. 93 （8）

where ∆E represents the change in electric field strength 
at the measurement point.
2　Results and Discussion

2. 1　Effect of powder charge on electrostatic dis‑
charge

The polarity and powder charge directly determined 
the electric field distribution and strength in the silo， af⁃
fecting the discharge pattern， frequency， and intensity.  

At the same filling speed of 1. 8 kg/s and humidity of 
45%， the electrostatic discharge frequency Fe and maxi⁃
mum discharge energy Me of powders with different 
charge⁃to⁃mass ratios and polarities are presented in 
Table 1.  The discharge frequency and maximum dis⁃
charge energy rose with the increase in the 
charge⁃to⁃mass ratio M of the powders.  For positively 
charged powders， with their charge⁃to⁃mass ratio increas⁃
ing from +0. 087 to +0. 273 μC/kg， the average dis⁃
charge period decreased from 21. 2 to 13. 9 s， and the maxi⁃
mum discharge energy increased from 237 to 434 mJ.  
For negatively charged powders， with the charge⁃to⁃mass 
ratio increasing from −0. 26 to −0. 452 μC/kg， the aver⁃
age discharge period decreased from 12. 5 to 5. 3 s， and 
the maximum discharge energy increased from 226 to 
541 mJ.  A higher powder charge notably increased the 
risk of electrostatic discharge.  At the same charge， posi⁃
tively and negatively charged powders exhibited similar 
discharge frequencies， but the maximum discharge en⁃
ergy of positively charged powders was twice that of 
negatively charged ones.  Fig. 5 shows the energy prob⁃
ability distribution of different polarity powders.  The re⁃
sults indicated that increasing the charge⁃to⁃mass ratio M 
resulted in higher discharge energy and a greater probabil⁃
ity of high⁃energy discharge， irrespective of powder po⁃
larity.  Figs. 5（b） and （c） show the differences in the dis⁃
charge energy distribution of different polarity powders 
with the same powder charge.  Positively charged pow⁃
ders released more discharge energy， with a 41% prob⁃
ability of exceeding 300 mJ， while only 6% of nega⁃
Table 1　Discharge frequency and energy of powders with dif⁃
ferent charge⁃to⁃mass ratios

M/(μC·kg−1)
+0.087
+0.273
−0.260
−0.452

Period/s
21.18
13.90
12.50

5.33

Fe/s−1

0.047
0.072
0.080
0.188

Me/mJ
237
434
226
541

Fig. 5　Discharge energy distribution of powders with differ⁃
ent charge⁃to⁃mass ratios.  （a） M=+0. 087 μC/kg； （b） M=
+0. 273 μC/kg； （c） M=−0. 260 μC/kg； （d） M=−0. 452 μC/kg
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tively charged powders surpassed this threshold.  In sum⁃
mary， positively charged powders had considerably 
higher electrostatic ignition probability than negatively 
charged ones.
2. 2　Effect of humidity on electrostatic discharge

Humidity considerably influences the breakdown 
threshold of the air and plasma development and also af⁃
fects the frequency and energy of electrostatic dis⁃
charges.  Charge⁃to⁃mass ratios and filling speeds of the 
powders were kept constant to investigate the effect of 
humidity on electrostatic discharge， and the results are 
presented in Table 2.  Humidity Hu exerted different ef⁃
fects on discharge properties depending on powder polar⁃
ity.  For positively charged powders， increased humidity 
notably increased both the discharge frequency and maxi⁃
mum discharge energy.  When Hu was increased from 
45% to 75%， the average discharge period decreased 
from 14 to 5. 8 s， and the maximum discharge energy in⁃
creased from 434 to 794 mJ.  Conversely， for negatively 
charged powders， the maximum discharge energy was en⁃
hanced with increasing humidity （from 541 to 804 mJ）， 
but the discharge periods remained unchanged.  A humid 
environment facilitated movement and release of 
charges， and the energy of electrostatic discharge may 
have increased because of higher conductivity.  Fig. 6 
shows the energy probability distribution of electrostatic 
discharges at different humidities.  The results demon⁃
strated that higher humidity resulted in greater energy re⁃
lease in discharges of different polarity powders.  For 
positive discharges， the discharge energy above 500 mJ 
increased from 0% to 23. 1% when Hu was increased 
from 45% to 75%.  In comparison， the proportion of 
negative discharges increased from 3. 2% to 16. 4%.  
Conductivity and charge distribution of positively and 
negatively charged powders could vary under humidity 
conditions.  With increasing humidity， the water mol⁃
ecules could affect the charge distribution on the surface 
of the powders， altering their discharge behaviors.  Posi⁃
tively charged powders may have been more prone to wa⁃
ter adsorption， enhancing their discharge performance， 
while negatively charged powders may have experienced 
limited charge release under humid conditions.  In conclu⁃
sion， higher humidity increased discharge energy， nota⁃
bly raising the frequency for positively charged powders 
but exerting a weak effect on negatively charged pow⁃
ders.

2. 3　Effect of filling speed on electrostatic discharge

The discharging and discharge characteristics of differ⁃
ent polarity powders in the silo were observed to be influ⁃
enced by the filling speed.  Under the same humidity con⁃
ditions， both the frequency of electrostatic discharge and 
the maximum energy of electrostatic discharge at differ⁃
ent powder filling speeds are presented in Table 3.  Ef⁃
fects of filling speed on discharge frequency and energy 
varied with powder polarity.  For positively charged pow⁃
ders， a higher filling speed notably increased dis⁃
charge frequency and maximum energy.  As the filling 
speed was increased from 1. 82 to 3. 40 kg/s， the 
charge⁃to⁃mass ratio rose from +0. 273 to +0. 456 μC/kg； 
the average discharge period shortened from 21 to 3 s； and 
the maximum discharge energy increased from 434 to 
726 mJ.  For negatively charged powders， a higher fill⁃
ing speed shortened the discharge period but notably re⁃
duced the maximum energy.  This was attributed to the 
difference in discharge patterns between different polar⁃
ity powders.  For negatively charged powders， a higher 
filling speed facilitated brush discharges and inhibited 
broad bulk discharges.  However， a higher filling speed 
could help point discharges evolve into longer⁃path and 
higher⁃energy discharge forms in positive powder silos.  
Fig. 7 shows the probability distribution of discharge en⁃
ergy at different filling speeds.  For positively charged 
powders， as the filling speed Sp increased， the maximum 
discharge energy increased， but the discharge proportion 
with less than 200 mJ energy also rose.  Conversely， for 
negatively charged powders， as the filling speed in⁃
creased， the maximum discharge energy decreased， with 
all discharge energies less than 200 mJ.  The results indi⁃
cated that a higher filling speed increased the risk in the 
case of positively charged powders.  In contrast， the risk 
decreased in the case of negatively charged powders un⁃
der the same conditions.

Table 2　Discharge frequency and energy of powders at differ⁃
ent humidities

Hu/%
45
75
45
75

M/(μC·kg−1)
+0.273
+0.315
−0.452
−0.456

Period/s
13.90

5.78
5.33
5.88

Fe/s−1

0.072
0.173
0.188
0.170

Me/mJ
434
794
541
804

Fig. 6　Discharge energy distribution of powder at different hu⁃
midities.  （a） Hu=（45±10）%， q>0； （b） Hu=（75±10）%， q>
0； （c） Hu=（45±10）%， q<0； （d） Hu=（75±10）%， q<0
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2. 4　Discharge correlation analysis under different 
conditions

The relationship among electrostatic discharge fre⁃
quency， discharge energy， and charge⁃to⁃mass ratio un⁃
der varying conditions of charge， humidity， and filling 
speed is shown in Fig. 8.  Fig.  8（a） shows the frequency 
distribution of discharge under different conditions.  
Cases 1 to 4 and Cases 5 to 8 represent experiments for 
positively and negatively charged powders， respectively， 
under different discharge conditions （Table 4）.  For posi⁃
tively charged powders， both the discharge frequency 
and energy increased at higher charge⁃to⁃mass ratios 
（Cases 1 and 2）， humidity （Cases 2 and 3）， and filling 
speeds （Cases 2 to 4）.  For negatively charged powders， 
a higher charge⁃to⁃mass ratio （Cases 5 and 6） and humid⁃
ity （Cases 6 and 7） notably increased the discharge fre⁃
quency and energy， while a higher filling speed （Cases 6 
to 8） reduced the maximum discharge energy.  Fig. 8（b） 
shows the energy variation of electrostatic discharges un⁃
der different discharge conditions.  The maximum and av⁃
erage energies of discharges from different polarity pow⁃
ders increased at higher charge⁃to⁃mass ratios and humid⁃
ity.  In particular， an increase in humidity considerably 
increased the maximum discharge energy.  For positively 
charged powders， an increase in filling speed increased 
the maximum discharge energy but reduced the average 
discharge energy.  For negatively charged powders， an 
increase in filling speed decreased both the maximum 

and average discharge energies.  In conclusion， dis⁃
charge frequency and energy rose with the 
charge⁃to⁃mass ratio.  Higher humidity considerably in⁃
creased discharge energy， but discharge frequency 
greatly varied with different polarity powders.  An in⁃
crease in filling speed facilitated longer discharge paths 
in positively charged powders but suppressed broad bulk 
discharges in negatively charged ones.

3　Conclusions

（1） Electrostatic discharge frequently occurred in in⁃
dustrial silos when the charge⁃to⁃mass ratio of different 
polarity powders was only +0. 087 and − 0. 26 μC/kg.  

Table 4　Experiments under different discharge conditions
Case No.

Sp/(kg·s−1)
M/

(μC·kg−1)
Hu/%

1
1.82

0.087
45

2
1.82

0.273
45

3
1.82

0.315
75

4
3.40

0.456
45

5
1.82

-0.260
45

6
1.82

-0.452
45

7
1.82

-0.456
75

8
3.40

-0.621
45

Table 3　Discharge frequency and energy of powders at differ⁃
ent mass flow rates

Sp/(kg·s−1)
1.82
3.40
1.82
3.40

M/(μC·kg−1)
+0.273
+0.456
−0.452
−0.621

Period/s
21.180

3.050
5.330
2.920

Fe/s−1

0.047
0.328
0.188
0.343

Me/mJ
434
726
541
151

Fig. 7　 Discharge energy distribution of powder at different 
filling speeds.  （a） Sp=1. 82 kg/s， q>0； （b） Sp=3. 4 kg/s， q>0； 
（c） Sp=1. 82 kg/s， q<0； （d） Sp=3. 4 kg/s， q<0

Fig. 8　 Distributions of discharge frequency and discharge 
energy under different discharge conditions.（a） Discharge 
frequency； （b） Discharge energy
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For positively charged powders， the average discharge 
period was 21 s with a maximum energy release of 237 
mJ， while for negatively charged powders， the average 
discharge period was 5. 8 s with a maximum energy re⁃
lease of 400 mJ.
（2） With the increase in the charge⁃to⁃mass ratio， 

both the discharge frequency and maximum energy con⁃
siderably increase for different polarity powders.  Al⁃
though discharge frequencies were similar both for posi⁃
tively and negatively charged powders at the same 
charge⁃to⁃mass ratio， discharge energy was consistently 
higher for the former ones.
（3） For the same powder charge and filling speed， dis⁃

charge energy notably increased with humidity.  When 
humidity was increased from 45% to 75%， the maximum 
discharge energy of positively charged powders increased 
from 434 to 794 mJ， while that of negatively charged 
ones increased from 541 to 804 mJ.  Under high⁃humidity 
conditions， the discharge frequency of positively charged 
powders sharply increased， but that of negatively 
charged powders slightly increased.
（4）For positively charged powders， increased filling 

speed considerably increased discharge frequency and en⁃
ergy.  In addition， with an increase in filling speed from 
1. 82 to 3. 4 kg/s， discharge frequency increased from 
0. 071 to 0. 328， and maximum discharge energy in⁃
creased from 434 to 726 mJ.  In contrast， for negatively 
charged powders， discharge energy notably decreased， 
but discharge frequency increased.
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不同条件下料仓荷电粉体静电放电频率及能量释放特性研究
张高强 1， 李亮亮 2， 梁财 1， 孟鹤 2， 兰琦 2， 陈晓平 1， 马吉亮 1

（1.东南大学能源与环境学院， 南京 211189； 2.中石化安全工程研究院， 青岛 266100）
摘要： 为探究工业料仓粉体静电放电特性，基于全尺寸工业料仓粉体输送平台进行荷电粉体放电试验研究，

获得了料仓粉体静电放电频率及能量释放特性。结果表明，料仓填充正/负极性粉体时，荷质比分别低至

+0. 087和−0. 26 μC/kg，料仓中仍然频繁发生静电放电，且平均放电周期仅约为 10 s，最大放电能量达到 800 
mJ。粉体荷电极性对静电放电能量分布影响显著，在相同的荷质比下，料仓填充正极性粉体时平均放电能

量显著高于负极性粉体，但二者放电频率相差不大。定量研究了不同粉体荷质比、空气湿度和粉体质量流

量对粉体放电频率以及能量释放的影响，获得了 3种条件变化下粉体放电的最大释放能量、平均释放能量以

及能量分布特性。

关键词：静电放电；粉体；荷质比；放电频率；料仓
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