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Abstract: Fibrous nonwoven filter media are prone to being compressed, thus affecting their
structural characteristics and filtration properties. Due to the compression resilience, it is difficult to
conduct related studies. Currently, it is urgent to investigate the prediction of structure and air
permeability performance of nonwoven filter media at compressed state. In this study, needle-
punched nonwoven filter medias were selected, and their 3D structural models were reconstructed
using synchrotron radiation X-ray computed tomography. Further predictions of filter media pore
structure and air permeability were conducted by simulating different compression ratios through in-
situ compression modeling, combined with experimental characterization test results. The study
discovered that during the compression process, the large pore diameter ( D,,) decreased rapidly,

while the medium pore diameter( Dy,) and small pore diameter(D,,) decreased gently. In addition,
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the microscale airflow field indicated that compression-induced densification of the filter structure

and reduced diameter of large pores, blocked the airflow, resulting in reduced air permeability and

increased pressure drop.

Keywords ; nonwoven filter media; compressed state ; air permeability ; numerical simulation; X-ray

computed tomography
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Fig. 1 Structure characterization of needle-punched nonwoven filter media
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Fig. 2 Synchrotron radiation X-ray imaging facility and

test sample
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Fig. 3 Image slice reconstruction process
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Fig.4 Reconstruction process of needle-punched nonwoven filter media 3D structural model
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Fig.5 In-situ compression of needle-punched nonwoven filter media and evolution of its pore structures
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Fig. 6  Air permeability evolution of needle-punched nonwoven filter media
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