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EXPERIMENTAL AND NUMERICAL STUDY OF PARTICLE CAPTURE IN ELECTRET FILTERS
FOR THE DEVELOPMENT OF AN INNOVATIVE SIMULATION TOOL
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B Improved Filtration Efficiency: Uses electrostatic charges to B Charge Stability: Maintaining uniformity and charge B Overcoming Experimental Difficulties Majid Vafaeezadeh', Dominik Michel,

attract and trap particles, enhancing filtration beyond stability throughout the filter's lifespan. : : o - Jurgen Becker', Liping Cheng’,
slveleal o gk B Simulations for Optimization: Allows for the prediction and Andreas Weber", Philipp Eichheimer"”

Environmental Factors: Performance can degrade due to: optimization of filter performance under various conditions. forschen

B Humidity Cost Reduction: Helps in reducing material and energy vernetzen.
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B Aging Faster Development: Speeds up the development process
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Exposure to chemicals and more efficient filter designs.

Low Pressure Drop & Energy Consumption: Cost-effective
for air filtration by minimizing energy requirements.
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SEGMENTATIONS WERE DONE FOR TWO SAMPLES NAMED “A” AND “E”

INFORMATION ABOUT THE
SEGMENTED SAMPLES

wm [0 00: Pore [invis.]
w0 01: Salid

= Method: Random Forest (Al method)

m Employed image filter: Non-local mean filter

m  Segment dimension in voxel (sample A): 3416 x 295 x 2451

tMaterial Information:
w 1D 00 Pore [invis.]
wpelD 01: Solid

= Segment dimension in voxel (sample E): 3264 x 1456 x 2451
= Voxel length: 3 ym
m  Sample A: Thickness: 1.04 mm,; Fiber diameter: 15 um

m  Sample E: Thickness: 1.7-2.4 mm; Fiber diameter: 15-20 pm

Sample A Sample E

I VERIFICATION OF ELECTROSTATIC IMPLEMENTATION WITH ANSYS-FLUENT("

VERIFICATION WITH
ANSYS-FLUENT
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=== GeoDict Mech. + Diff. + Coulomb + DEP [%]

I VALIDATION OF ELECTRET FILTER MEDIA EFFICIENCY
PART OF SAMPLE A USED

Important simulation parameters for sample A IN THIS SIMULATION
1 - : .. -
Filter Efficiency of sample A ;:;Ii:::tm = Segment dimension after rescaling: 1024 x 1024 x 790 -
0.9 - = Voxel length: 1.5 um b 01 Polyprepyiene
I m  Flow motion: Navier-Stokes
‘5 0.7 - = Mean velocity: 0.2 m/s
.é 06 - m  Type of the particle charge: Individual per particle type
% . m Surface charge density: 5e-06 C/m
_E =  Number of particles per type: 10000
B 04 -
E m  Dielectrophoresis: Enabled
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DETAILS ON THE EXPERIMENTAL SETUPS ARE PROVIDED IN THE
GIC2025 pLENUM TALK ON 12.02.2025 AT 10:05, PRESENTED BY STEFAN SCHUMACHER (IUTA)

The method for calculating particle motion under electrostatic forces is integrated into FilterDict, allowing for various charge
distributions.

Multiple charge distribution possibilities on the fiber surface are supported by reference material measurements.
A comparison between measurement data and simulation results for initial materials has been completed.

Future developments focus on identifying the most accurate charge distributions for real systems and simulating filter lifetime with
electrostatic effects on particle behavior over time.
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