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Granular materials
• Large agglomeration of particles 
• Different natures, shapes, size distributions 
• Numerous applications

• Transport by pneumatic conveying widely used
• Many collisions             Significant tribocharging
• Strong influence of environmental conditions
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Triboelectric effect
• Exchange of electric charges at the surfaces during a contact
        

Gauntt, Sean et al., Dynamic Modeling of 
Triboelectric Generators Using Lagrange’s 
Equation, ASME, Vol.1 (2017)

N. Preud’homme et al., Soft 
Matter 19, 8911 (2023) 

Different materials Same materials
Triboelectric series Patch model

G. Grojean et al., Physical Review 
Materials 7 065601(R) (2023) 
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Charge accumulation in granular materials 
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Sticking Electrostatic discharge

Dust explosionsIntermittencies in industry

Lot of contacts

Electrostatic charges accumulation

C. Allenspach, Loss in Weight Feeding, Powder Flow and Electrostatic 
Evaluation for Direct Compression Hydroxypropyl Methylcellulose (HPMC) 
to Support Continuous Manufacturing, Int. J. of Pharmaceutics 596, 120259 
(2021) 



Project Codename: Dust in the Wind

• Collaboration between soft-matter physicists and aerodynamics 
engineers

• Goal: study the triboelectric effect in granular materials carried by 
an airflow at different Reynolds numbers

@Wind Tunnel Lab
ULiège
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Previous works
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M. I. Nimvari et al., Velocity measurement of pneumatically conveyed particles via a simple 
current signal technique and the influence of electrostatic charge, Powder Technology 413, 
118018 (2023)



Previous works
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W. Xu et al., Experimental study of humidity influence on triboelectric charging of particle-
laden duct flows, Journal of Loss Prevention in the Process Industries 81, 104970 (2023)



HoneycombFine mesh gridContraction

Test section

Diffuser
Axial fan

• Better control of environmental conditions
• Modular design :
• 3D modeled and printed

Small-scale wind tunnel
thomas.gemine@uliege.be
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Small-scale wind tunnel

Adjustable multi-hole 
pressure probe able to 
resolve 3-components of 
velocity

45 cm

• Airflow characterisation  (5 m/s): x = 50 mm
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Small-scale wind tunnel

Adjustable multi-hole 
pressure probe able to 
resolve 3-components of 
velocity

45 cm

x = 160 mm• Airflow characterisation  (5 m/s): 
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Small-scale wind tunnel

Adjustable multi-hole 
pressure probe able to 
resolve 3-components of 
velocity

45 cm

• Airflow characterisation  (5 m/s): x = 230 mm
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Small-scale wind tunnel

45 cm

• Airflow characterisation  (5 m/s): 
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*REF, A, B, C correspond to 4 cases from lowest to highest 
generated freestream turbulence in the wind tunnel test section

Turbulence analysed and compared for different cases of generated 
freestream turbulence: • Hot wire

• Cobra probe

Paper submitted
(S. Dehareng et al.)

Good flow homogeneity for 
such small-scale device



Small-scale wind tunnel :   

Airflow well characterised but…

How to measure electrical charges ?

Stainless-steel plates

Picoammeter
(Keithley 6514)

Current measurement

Six cameras to record the powder evolutionIntroduction of the powder ?

Custom funnel to create a dune 
Shielded

Side view

Top view

Faraday cup ?

thomas.gemine@uliege.be

9



Typical experiment 

No airflow 

No current

Airflow 

Critical velocity 

Current

-
+

e-I
Current > 0 Qgrain < 0 

No grain motionGrain motion
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Possibility to study dune volume evolution

Volume ≈ Profile area * LengthLength

Profile area 

Approximation :

Typical experiment : analysis 

Integration

-
+

e-I

Current > 0 Qgrain < 0 Charge  > 0 

Qmax

Charge density qpowder (C/kg) :

qpowder  =
Qmax

mpowder
-

thomas.gemine@uliege.be

Characteristic Time
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From the fan-integrated tachometer



Typical experiment :  example

90-150 µm glass beads
Airspeed : 10 m/s
RH : 26.7 %

qpowder  = 1.74 nC/g
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Influence of material nature

Triboelectric series with the plate 

Preud’homme et al., Tribocharging of granular 
materials flowing in grounded inclined tubes

Similar trends

Airspeed : 10 m/s

(FlowLac100)

thomas.gemine@uliege.be

(3 experiments per material)
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Small-scale Wind Tunnel Inclined tube



Influence of mass
90-106 µm Glass beads  Airspeed : 10 m/s                   RH: 52%

thomas.gemine@uliege.be

2.5 g                                            5 g                                              7.5 g                                           10 g

Highly reproducible 
(3 experiments)

Mass      , maximum current
                    maximum charge  

Similar charge density

Characteristic time increases with 
mass
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Influence of particle size and airspeed

Little influence of airspeed in the laminar
speed range

Strong effect of grain size on charge density

Not all grains are carried by the flow at low airspeed
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RH : 25%Mass = 7.5 g



Fine mesh gridCoarser mesh grid
Same porosity

How to increase the turbulence ?

Grid 1 Grid 2 Grid 3 Grid 4

Influence of turbulence 

Grids influence the turbulence, not the airspeed

thomas.gemine@uliege.be
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Influence of turbulence

Turbulence      , |qpowder|     

17
Humidity     , |qpowder| 

Influence of turbulence (and humidity)
RH : 27% RH : 45%

thomas.gemine@uliege.be



Take home message

18
Grain motion tracking with high speed camera

Turbulence significantly influence particle tribocharging

Next episode ?

thomas.gemine@uliege.be
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