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Overview

• 3d Pleat model and its input parameters

• Flow model: computation of the pressure drop

• Results for air filtration – 2d parameter studies

• Results for oil filtration – influence of 3d support structure



Model for pleats and flow

Direction of 

the flow
Pleated air filter

Pleated oil filter

Red = filter media

Yellow = second layer



Shape Pleat Options



General Pleat Options



Weave Pleat Options



Netting Pleat Options

Symmetric in yPeriodic in y



Pressure Drop Optimization by Chen et al.1

Pleat heightsheightsheightsheights: 0.875, 1.75, 3.5 and 5.25 inch 

Pleat countscountscountscounts: 2, 3, 4,…, 20 pleats / inch

Pleat mediamediamediamedia: 252, 213, 233, 220, 224, 229

730.381.10e-1180-90 %   ASHRAE229

730.387.67e-1290-95%    ASHRAE224

730.383.20e-1295 %220

730.382.26e-1298.5 %233

730.381.03e-1299.985 %     HEPA213

730.387.25e-1399.99 %       ULPA252
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1111Chen, Chen, Chen, Chen, PuiPuiPuiPui and Liu, and Liu, and Liu, and Liu, Aerosol 
Science and Technology, 1995



Pressure Drop Optimization translated to GeoDict

HeightsHeightsHeightsHeights: 0.875, 1.75, 3.5 and 5.25 inch     =     0.2224, 0.04448, 0.08888 and 0.13336 meter

CountsCountsCountsCounts: 2, 3, 4,…, 20 pleats / inch             ~     2*(0.00336+0.00296), … meter pleat widthwidthwidthwidth

MediaMediaMediaMedia: 252, 213, 233, 220, 224, 229 ~     7.25e-13, … meter² permeabilitypermeabilitypermeabilitypermeability



Commands: structure generation and pressure drop computation



Stokes-Brinkmann formulation



Stokes-Brinkmann on the staggered (MAC) grid 

no-slip tangential directionMagenta

no-slip on green in normal directionBlue

periodic boundary conditionYellow

set variable to zeroSolid black

pressureStars

vertical component of velocitySquares

horizontal component of velocityCircles

empty cellsEmpty

permeable cellsRed

solid cellsGreen



Periodic Boundary Conditions



No-slip Boundary Conditions in the normal direction

0

0



No-slip in the tangential direction



SIMPLE Method, part I



SIMPLE Method, part II



Pressure Drop Optimization by Chen et al.1

Pleat heightsheightsheightsheights: 0.875, 1.75, 3.5 and 5.25 inch 

Pleat countscountscountscounts: 2, 3, 4,…, 20 pleats / inch

Pleat mediamediamediamedia: 252, 213, 233, 220, 224, 229

730.381.10e-1180-90 %   ASHRAE229

730.387.67e-1290-95%    ASHRAE224

730.383.20e-1295 %220

730.382.26e-1298.5 %233

730.381.03e-1299.985 %     HEPA213

730.387.25e-1399.99 %       ULPA252

Base weightThicknessPermeability [m²]DOP EfficiencyGrade no.
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1111Chen, Chen, Chen, Chen, PuiPuiPuiPui and Liu, and Liu, and Liu, and Liu, Aerosol 
Science and Technology, 1995

Grid resolution:  8 µm ~ 5 cells

Domains: from   16 x 1 x   303 cells 
to                      158 x 1 x 1692 cells



Magnitude of Velocity and Pressure Drop for varying inlet length

• Velocity: 100 fpm (0.508 m/s)

• Pressure in Pascal

• Media             213
Height            0.875 in
Pleat count     4 / in

Inlet 1 mm

Inlet 17 mm

Inlet 9 mm

Magnitude of velocity

Magnitude of velocity

Magnitude of velocity

Pressure

Pressure

Pressure

• air at          20°C. 
density       1.2 kg/m³
viscosity     1.5e-5 m²/s



Pressure drop for 6 media, different heights and pleat counts 



Lydall Grade no. 252 compared with Chen at al.

• Great quantitative agreement

• For low pleat count, high pleat is better

• For high pleat count, low pleat is better



Lydall Grade no. 233 compared with Chen at al.

• Great quantitative agreement

• For low pleat count, high pleat is better

• For high pleat count, low pleat is better



Lydall Grade no. 229 compared with Chen at al.

• Great quantitative agreement

• For low pleat count, high pleat is better

• For high pleat count, low pleat is better



Lydall Grade no. 224 compared with Chen at al.

• Great quantitative agreement

• For low pleat count, high pleat is better

• For high pleat count, low pleat is better



Lydall Grade no. 220 compared with Chen at al.

• Great quantitative agreement

• For low pleat count, high pleat is better

• For high pleat count, low pleat is better



Lydall Grade no. 213 compared with Chen at al.

• Great quantitative agreement

• For low pleat count, high pleat is better

• For high pleat count, low pleat is better



Validation of oil simulations.

• Comparison with ITWM’s SuFiS software: 

Deviation systematically 3 % lower than SuFiS.

• SuFiS is validated for many years in collaboration with IBS Filtran. 

See also talk by Dr. Iliev.

• Changing to symmetry boundary conditions (doubles the domain):

Within 1 % of SuFiS value.
Symmetric in yPeriodic in y



Oil flow in pleats with support structure: velocity

Narrow 
Channel

Thick 
Wire

Thin 
Wire

• Velocity: 0.15 m/s

• Oil: density 850 kg/m³
viscosity 0.17 m²/s

• Grid resolution 40 µm

• 50 x 70 x 380 cells

• Same pleat count

• Different in- and outflow 
channel widths



Oil flow in pleats with support structure: pressure

Narrow 
Channel:

4 bar

Thick 
Wire:

3.1 bar

Thin 
Wire:

2.7 bar

• Pressure in Pascal

• Oil: density 850 kg/m³
viscosity 0.17 m²/s

• Same pleat count

• Different in- and outflow 
channel widths

• Grid resolution 40 µm

• 50 x 70 x 380 cells



Conclusions and remarks

• Same experiments – same results as Chen, Pui & Lui, 1995: validation successful

• Different inlet length

• Periodic boundary conditions

• Stokes-Brinkmann equations

• Complete 2d air filtration study (6x4x14 runs) takes 1 day on 8 CPU desktop 
computer, 4 days on laptop

• No support:  media permeabilitypermeabilitypermeabilitypermeability, media surface areasurface areasurface areasurface area and channel widthchannel widthchannel widthchannel width matter

• With support: also channel structurechannel structurechannel structurechannel structure and occluded media surfaceoccluded media surfaceoccluded media surfaceoccluded media surface area matter

• Single 3d oil filtration computation takes 45 min on 8 CPU desktop computer, 4 
hours on laptop.

• Evaluate Software at www.geodict.com



Thank you for your time and attention

Pleat structures, pressure drop 
computations and figures made 
with our Software

www.geodict.com


