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Introduction

A CAEFF computer program that simulates polymer flow through a
porous filter medium was developed for DuPont. The accuracy of
the model could be improved by updating the distribution functions
and verifying the model's assumptions with experimental data.

Objectives

« Improve computer model's ability to predict debris distribution

« Develop copper and crosslinked Nylon 6,6 particle size
distribution functions

« Develop a shape factor distribution function

Distribution Function Assumptions

« Initially, the filtration model assumed a coarse patrticle size, resulting in the distribution
function shown below. It also assumed that the particles were spherical.
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« The revised distribution function assumes that smaller spherical particles are predominant
in the melt flow because physical phenomena occurring within a process tend to break
particles into many smaller pieces.

Particle Analysis
Copper

Diameter Perimeter | Length Width
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a
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00125
00157
00180
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00145
00103
00261
00095

Generated data from
ImagePro® software of sample
A1l Chatt-A-1400

00105
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00133
00082
00556
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00061 0.01853

Nylon

Object Diameter Perimeter | Length Width

Number | Area (um?) [“max (um) | _min (um) | ave (um) | (um) (um) (um)
914 | 750449 | 3894213 | 242.8571 | 302.7171 | 1093.758 | 391.2513 | 264.7294
1499 | 7379591 | 381.0606 | 248.0948 | 302.0327 | 1132.374 | 365.0217 | 301777
1525 | 36000 | 2325546 | 183.0579 | 207.7227 | 750452 | 228.2319 | 2275154

Generated data from
ImagePro® software of filter
bed sample

Particle Size Distribution Function
Development

Generated a table of particles' average diameters in um
Sorted the average diameters in ascending order
Determined the maximum and minimum average particle diameters

Subtracted the minimum from the maximum particle diameter and
divided that value by the number of desired ranges, 70 for copper and
50 for nylon, to obtain the range width

(max-min) / # of ranges = range width

Counted the number of particles in each range, then plotted the
number of particles in each range versus an average particle diameter
range in the form of a bar graph

Copper Particle Size Distribution
Function
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Nylon 6,6 Particle Size Distribution
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Shape Factor Distribution Function
Development

« Calculated the shape factor for each particle
Y = 4nS/P?
where S = cross-sectional area
P = perimeter

e W=1 for sphere-like particles while W — 0 for thin, cylindrical
rod-like particles.

» Graphed shape factor versus average particle diameter in the
form of an x-y scatter plot.

Shape Factor Distribution Function
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Conclusions

» Copper and gelated nylon 6,6 particle size distribution functions
and a shape factor distribution function were successfully
developed with data obtained from analysis of mesh screen and
filter beds from DuPont.

» With the updated particle size distribution function, the model can
provide a more accurate prediction of the pressure distribution and
velocity field in a filter medium.

» The shape factor distribution function supports the computer model's
assumption of spherical debris particles. The model was verified
by the experimental data.

» DuPont can use the improved filtration model to prolong the life of
spin packs and increase the cost efficiency of filters.




