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Multi-size simulation of pressure drop in pleated fiber filter media
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Abstract: Considering the

structural characteristics of 16 o R S S, *
fibers, the arrangement of £ | Goadee « x 5 £ ot Gyam 0
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fibers and the number of £ °° /// § wf /-/ /-/A
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layers of fibers, the micro- £ sf — £ wf 14/A
. ) 20 ¢ 10
size model of pleated fibers . g/ ‘ ‘ ol ‘ ‘ ‘ ‘
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filter media was established Filtration velocity, v/(m/s) Providing solid volume Face velocity, u/(m/s)
based on the contro| program Micro-size numerical fraction, o Macro-size numerical
calculation calculation
written by MATLAB, and its ‘ T ®

solid volume fraction (<) of
pleated fibers filter media
was calculated. The
mathematical ~ correlation
between filtration velocity
(v) and pressure loss (Ap) of -
micro-size  model  was Mierosize model T
obtained by  numerical

simulation, and then the viscous drag coefficient (C1) was solved. Based on the above work, a macro-size model of
pleated fiber filter media was established, and based on « and C; obtained by the micro-size simulation, the
mathematical correlation between the face velocity (u) and Ap at macro-size was solved by numerical simulation
method, and the mathematical correlation were compared with several empirical formulas. The results showed that the
arrangement of the fibers and the thickness of the pleated fiber filter media had an effect on Ap, but had little effect on
C: and other properties. In addition, the properties of pleated fiber filter media obtained at micro-size can provide
guidance for macro-size research, and the property parameters of macrostructure can be obtained by using the data
obtained from the microstructures. The research results of this study had important theoretical and practical significance
for expanding the research methods of fiber filter media and optimizing its structure.
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(b) Elevation view

K1 T Yt YA BUROW R T S R
Fig.1 Micro-structure model of pleated fiber filter media

The micro-structure model of

The cavity was built and the

The intersection of the filter

model was wrapped tightly,
the volume V of the cavity was
obtained

pleated fibrous media was
established

medium and the cavity was
deleted, that is, the fibers in the
cavity are deleted

Based on Eq.(1) the solid

In addition to the fiber
volume, the accumulated

volume fraction o of fiber |«
filter media is obtained

volume of the remaining voids |
in the cavity is Vo
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Fig.2 Calculation method of solid volume fraction of fiber filter media
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Fig.3 Mesh schematic diagram of micro-size model
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Fig.4 Boundary conditions of micro-size model
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Table 1  Structural parameters under different
working conditions

Structural parameter Case

1 2 3
Fiber diameter, di/pm 20 20 20
Pleat angle, 6/< 30 30 30
Solid volume fraction, /% 16.63 16.63 16.63
Number of single-layer fibers 5~7 6~8 6~9
Intersection points of fibers 18 28 50
Fiber layer number 2 3 4
Pleat thickness/pm 50 72 104
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under different working conditions
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Fig.7 Macro-structure model of pleated fiber filter media
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Table 2 Macro model parameters of pleated fiber filter media

Parameter Value
Thickness of pleat, t/mm 0.5
Pleat height, h/mm 70
Distance between two pleats, D/mm 36
Pleat angle, 6/° 30
Solid volume fraction, o/% 16.63

Viscous resistance coefficient, C;/m— 1.6310%0
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Fig.8 Boundary conditions of macro model in pleated fiber filter media
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