Influence of Real Breathing Conditions on the Filtration Characteristics of Respirator Filters
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Passive respirators such as the N95 type Respirator,
which are designed to provide protection from particulate
suspensions in air are certified using NIOSH (42 CFR 84)
or similar test standards. These tests typically utilize an
aerosol around the expected Maximum Penetrating Particle Size (MPPS) for the filter - approximately 0.3 microns, and a constant flow rate of air (85 litres/min for the
N95 test - at 95% or better capture efficiency).
However, the wearers of respirators do not inhale
at a constant flow rate. The adult human breathing rate
can be typically characterized as a quasi-sinusoidal pulsatile flow with frequencies in the range 10-30 breaths
per minute depending on factors such as age and activity. While there is a significant body of quality research on respirators, much of this is focused on testing
respirator fit and performance for specific aerosols (Vo
et al. (2015)), or tests based on constant inhalation rates
(Martin-Jr and Moyer (2000); Eninger et al. (2008)). The
influence of the pulsatile nature of the flow through the
respirator has received little attention as such flows are
difficult to generate in a laboratory.

mance under pulsatile flow conditions which represent
realistic human breathing patterns. The CFD simulations are carried out using the open source CFD package OpenFOAM with customized subroutines integrated
with the solver for accurately evaluating particle-filter interactions such as particle capture. The results from the
present simulations under steady and pulsatile breathing
rates are compared with the corresponding predictions
obtained from Single Fibre Efficiency (SFE) theory using the equivalent mean (steady) flow for each case.
A section of the representative computational domain and mesh (only surface-mesh is shown for clarity)
employed for the present study is shown in Fig. 1. The realistic respirator filter geometry used for the present study
is generated using an in-house code that is customizable
based on filter-properties such as filter size (fibre diameter), shape, porosity, etc.
Figure 2 shows the instantaneous particle collection statistics along the direction of flow (air + particles)
through the respirator filter at different instants of time,
obtained from a representative simulation carried out using steady flow of air with mono-dispersed particles.
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In the present study, computational simulations
are carried out to examine the (respirator) filter perfor-
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Figure 1: Representative computational surface mesh on
the generated respirator filter (fibrous) media
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Figure 2: Instantaneous spatial variation in particle collection/ capture along the length of the fibre; blue and red color in
the image indicate the particles that are in transit and that are collected, respectively
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