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In this work, a computationally affordable macroscale model is developed to simulate the instantaneous
collection efficiency and pressure drop of pleated depth filters. The numerical scheme presented here
allows for the deposition of particles inside the fibrous fabric of a pleated filter, and accordingly varies
its permeability and capture efficiency to simulate aging of the filter over time. This has been accom-
plished by developing a series of in-house subroutines that remarkably enhance the capabilities of the
commercially available computational fluid dynamics code from ANSYS. This model is used to quantify
the influence of pleat count, particle diameter, and flow velocity on the instantaneous performance of
pleated filters with V-shaped pleats. Our results indicate that increasing the number of pleats reduces
the rate of increase of a filter’s pressure drop and capture efficiency. Predictions of our model have been
compared against available experimental data, and good agreement has been observed.
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1. Introduction

In principle, pressure drop and particle collection efficiency of a
pleated filter depend on two contributing factors. The first, and
most prominent, is the fibrous medium itself, and the second,
which is often underestimated, is the pleat geometry. The general
consensus in designing pleated fibrous filters in industry is that a
filter’s collection efficiency is independent of its pleat shape or
pleat count, and filter designers often optimize the pleat geometry
only to minimize the filter’s pressure drop. This approach is quite
suitable for designing HEPA filters, where the filter media have
very high particle collection efficiency. However, when a filter’s
particle collection efficiency is much less than hundred percent,
like in the case of pre-filters or auxiliary filters used in residential
buildings, the pleat geometry can significantly influence the collec-
tion efficiency of the filter, especially when the filter becomes
loaded with deposited particles over time. To the knowledge of
the authors, there are no criteria for designing pleat shape and
pleat count for optimizing both the pressure drop and collection
efficiency. More importantly, the influence of particle loading
(i.e., filter aging) on performance of fibrous filters has never been
studied in the past, except for our own work, in which the effects
of micron-sized dust deposition on pressure drop of HEPA filters
were simulated [1]. The objective of the current paper, therefore,
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is to develop a methodology for predicting the effects of pleat
shape on both instantaneous pressure drop and instantaneous col-
lection efficiency of a filter.

The first numerical simulation to study the effects of pleat
geometry on performance of a fibrous filters dates back to 1995,
when Chen et al. [2] calculated the pressure drop across clean fi-
brous filters with rectangular pleats, and showed that there exists
an optimum pleat count at which the pressure drop of a clean
pleated filter reaches a minimum. Since the work of Chen et al.
[2], only a few other investigations have been reported in the liter-
ature with regards to the effects of pleat geometry on performance
of a filter [3–11]. None of the above studies, however, included the
effects of particle loading in their pleat optimization. As mentioned
before, the only available publication in which particle deposition
is taken into account in developing guidelines for pleat shape opti-
mization, is that of Fotovati et al. [1]. The simulations of Fotovati
et al. [1], however, were only appropriate for HEPA filters, as the
influence of pleat shape or dust deposition on collection efficiency
was neglected. This restriction is relaxed in the current study,
thanks to a new modeling concept that we have developed for
inclusion of particle deposition inside the fibrous structure over
time, and simulation of instantaneous performance of the filter.
This has been made possible by developing a CPU-friendly macro-
scale model that treats the fibrous structure of a filter as a porous
medium with varying permeability and collection efficiency. As
will be seen later in the paper, some of the expressions for the
pressure drop or collection efficiency calculations are taken from
the literature for the sole purpose of model development (see
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