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A fabric’s moisture/air permeability is a main factor for the fabric design for ad-
vanced applications, and no theoretical model was available in literature for an 
optimal permeability. In this paper, we use the capillary-like effect to elucidate the 
permeability property, and the effect of nano/micro particles on the fabric’s sur-
face on the permeability is studied by the geometric potential theory. Our theo-
retical analysis shows that an unclean surface gives a negative impact on the 
permeability. A superhydrophobic surface is needed to design a good and lasting 
moisture/air permeability. 
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Introduction 

The moisture/air permeability of a fabric plays an important role in the modern fab-

ric design for various advanced applications [1-4], e.g., sportswear. Good moisture permea-

bility has an effective antibacterial property and a dust-free property and a fast sweat diffu-

sion. Good air permeability has an excellent comfort, and it is required for a bandage. Co-

coons have the best moisture/air permeability in all nature materials, and have been extremely 

studied for designing bioinspired structure fabrics [5-10]. It has been proved experimentally 

that cocoons’ pores’ hierarchical structure affects greatly the permeability, the phenomenon 

can be explained theoretically by the geometric potential theory [11-13]. Any a boundary can 

produce surface energy or surface tension, or geometric potential. The boundary-induced 

potential can be expressed: 
1

nr
             (1) 

where Π is the geometric potential, r – the surface’s curvature radius, and n – the index. For 

spherical shape, n = 1. 
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The boundary-induced force is: 

F
r


 


         (2) 

The geometric potential theory was successfully applied to explain the mechanism 

of Fangzhu’s water collection property [14-16], the fiber’s morphology [17], smart adhesion 

[18, 19], and cell orientation [20]. In this paper we will apply the geometric potential theory 

to explain the moisture/air permeability of a fabric. 

Capillary effect 

The capillary effect can be expressed [21-24]: 

2 cos

g
h

r

 


              (3) 

where h is the capillary rise in a capillary tube,  – the surface tension,  – the contact angle,  – 

the fluid’s density, g – the acceleration of gravity, and r – the radius of the capillary tube. 

Equation (3) is valid for cylindrical tubes. For an arbitrary shape, we can apply the 

geometric potential theory to study the capillary-like effect. 

In this paper we assume that the pores in a fabric can produced a capillary effect like 

geometric potential, see fig. 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For simplicity we assume the crescent shape is a hemispherical surface, and assume 

the vertical force per area produced by the crescent shape is f, then the force balance requires: 

2π gR f h             (4) 

where R is the tube radius and h is the capillary rise. 

According to eq. (3), we have: 

2 3 3

g 2 cos
= =

π π

h k
f

R R R

  
            (5) 

where k is a constant for a given pore. 

Figure 1. The capillary effect of a small tube and 

the geometric potential for a non-cylindrical boundary 
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Fabric’s porous structure and 

its moisture/air permeability 

The fabric consists of yarns used for warp and weft, and periodic pores are formed. 

A smaller pore can produce a higher capillary-like force for moisture/air diffusion. The pore’s 

equivalent radius, R, scales with the radius of the yarn, ryarn: 

yarnR r              (6) 

Generally the yarn’s radius ranges from micro meters to millimetres. In order to 

have a good permeability, a hierarchical pore structure should be designed by covering sever-

al cascades with different pore sizes, e.g., ryarn/10, ryarn/100, and ryarn/1000, until to hundreds 

of nanometres. Liu, et al. [25] revealed that a nanofiber membrane with hierarchical pores has 

a good air permeability. A fabric’s moisture/air permeability can be controlled by covering 

few cascades with pores ranging from few micrometres to hundred nanometres by electro-

spinning or the bubble electrospinning [26-30], the designed fabric can be used as a receptor 

in the spinning process. 

Effect of nano/micro particles adhered on the surface on 

the moisture/air permeability 

The fabric’s surface cleanliness, especially the nano/micro particles which are ad-

hered on the surface, will greatly affect the moisture/air permeability. Figure 1 shows a parti-

cle on a capillary pore, and we assume radii of crescent shape beside the particle are r. Ac-

cording to the geometric potential theory, the total vertical force of the annulus of crescent 

shape is: 

2

3

2π ( )
π (2 2 ) = =2π ( )

kr R r
F r R r f kr R r

r


            (7) 

It is obvious that: 

3 2

3

d 2π ( 2 + )
=2π ( 2 + )= 0

d

F k R r
k Rr r

r r

  
             (8) 

Equation (8) reveals that F is a monotone decreasing function of r. So the particle 

in the capillary pore reduces the capillary force, and the moisture/air permeability is de-

creased. 

In order to keep the permeability unchanged during use, a superhydrophobic sur-

face is helpful, a dust-free surface is needed to design a good and lasting moisture/air per-

meability. 

Conclusions 

In this paper, we study theoretically the fabric’s moisture/air permeability using the 

geometric potential theory, and conclude that the nano/micro particles, which are adhered on 

the fabric’s surface, give a negative effect on the permeability, and a superhydrophobic sur-

face should be designed for a good and everlasting permeability. The present theory gives a 

theoretical foundation of an optimal design for a given permeability. The coating technology 

is widely used for design of a superhydrophobic surface, but it gives a negative impact on 

permeability. A porous coating film is needed, and its pores form the last cascade of the fab-

ric’s pores’ hierarchical structure. 



Han, C., et al.: Effect of Fabric Surface’s Cleanliness on Its … 
1520 THERMAL SCIENCE: Year 2021, Vol. 25, No. 2B, pp. 1517-1521 

 

References 

[1] Kim, H. A. Water/Moisture Vapor Permeabilities and Thermal Wear Comfort of the Coolmax 
(R)/Bamboo/Tencel Included PET and PP Composite Yarns and their Woven Fabrics, Journal of the 
Textile Institute, On-line first, https://doi.org/10.1080/00405000.2020.1853409, 2020 

[2] Zhong, X., et al., Eco-Fabrication of Antibacterial Nanofibrous Membrane with High Moisture 
Permeability from Wasted Wool Fabrics, Waster Management, 102       , Feb., pp.  404-411 

[3] Gu, P., et al., Linear Control of Moisture Permeability and Anti-Adhesion of Bacteria in a Broad 
Temperature Region Realized by Cross-Linking Thermoresponsive Microgels onto Cotton Fabrics, ACS 
Applied Materials & Interfaces, 11       ,   , pp.  30269-30277 

[4] Ceven, E. K., et al., Investigation of Moisture Management and Air Permeability Properties of Fabrics 
with Linen and Linen-Polyester Blend Yarns, Fibers & Textiles in Eastern Europe, 26       ,  , pp.  39-47 

[5] Chen, F. J., et al., Silk Cocoon (Bombyx Mori):, Multi-Layer Structure and Mechanical Properties, Acta 
Biomaterialia, 8 (2012), 7, pp. 2620-2627 

[6] Blossman-Myer, B., Burggren, W. W., The Silk Cocoon of the Silkworm, Bombyx Mori: Macro Structure 
and its Influence on Transmural Diffusion of Oxygen and Water Vapor, Comparative Biochemistry and 
Physiology A-Molecular & Integrative Physiology, 155 (2010), 2, pp. 259-263 

[7] Chen, R. X., et al., Waterproof and Dustproof of Wild Silk: A Theoretical Explanation, Journal of Nano 
Research, 22 (2013), May, pp. 61-63 

[8] Liu, F. J., et al., A fractional Model for Insulation Clothings with Cocoon-like Porous Structure, Thermal 
Science, 20 (2016), 3, pp. 779-784 

[9] Liu, F. J., et al., He’s Fractional Derivative for Heat Conduction in a Fractal Medium Arising in Silkworm 
Cocoon Hierarchy, Thermal Science, 19 (2015), 4, pp. 1155-1159 

[10] Fei, D. D., et al., Fractal Approach to Heat Transfer in Silkworm Cocoon Hierarchy, Thermal Science, 17 
(2013), 5, pp. 1546-1548 

[11] Peng, N. B., He, J. H., Insight into the Wetting Property of a Nanofiber Membrane by the Geometrical 
Potential, Recent Patents on Nanotechnology, 14 (20   ,  , pp.  64-70 

[12] Tian, D., et al., Geometrical Potential and Nanofiber Membrane's Highly Selective Adsorption Property, 
Adsorption Science & Technology, 37 (2019), 5-6, pp. 367-388 

[13] Yao, X., He, J. H., On Fabrication of Nanoscale Non-Smooth Fibers with High Geometric Potential and 
Nanoparticle’s Non-Linear Vibration, Thermal Science, 24 (2019), 4, pp. 2491-2497 

[14] He, C.-H., et al., Fangzhu (方诸): An Ancient Chinese Nanotechnology for water Collection from Air: 
History, Mathematical Insight, Promises, and Challenges, Mathematical Methods in the Applied Sciences, 
On-line first, https://doi.org/10.1002/mma.6384, 2020 

[15] He, J.-H., El-Dib, Y. O., Homotopy Perturbation Method for Fangzhu Oscillator, Journal of Mathematical 
Chemistry, 58 (2020), 10, pp. 2245-2253 

[16] He, C. H., et al., Passive Atmospheric Water Harvesting Utilizing an Ancient Chinese Ink Slab and Its 
Possible Applications in Modern Architecture, Facta Universitatis: Mechanical Engineering, On-line 
first, https://doi.org/10.22190/FUME201203001H, 2021 

[17] Yang, Z. P., et al., On the Cross-Section of Shaped Fibers in the Dry Spinning Process: Physical 
Explanation by the Geometric Potential Theory, Results in Physics, 14 (2019), 102347 

[18] Li, X. X., et al., Gecko-Like Adhesion in the Electrospinning Process, Results in Physics, 16 (2020), 
102899 

[19] Li, X. X., He, J.-H., Nanoscale Adhesion and Attachment Oscillation Under the Geometric Potential. Part 
1: The Formation Mechanism of Nanofiber Membrane in the Electrospinning, Results in Physics, 12 
      ,  Mar., pp. 1405-1410 

[20] Fan, J., et al., Explanation of the Cell Orientation in a Nanofiber Membrane by the Geometric Potential 
Theory, Results in Physics, 15 (2019), Dec., 102537 

[21] He, J.-H., Jin, X., A Short Review on Analytical Methods for the Capillary Oscillator in a Nanoscale 
Deformable Tube, Mathematical Methods in the Applied Sciences, On-line first, 
https://doi.org/10.1002/mma.6321, 2020 

[22] Jin, X., et al., Low Frequency of a Deforming Capillary Vibration, Part 1: Mathematical Model, Journal of 
Low Frequency Noise Vibration and Active Control, 38 (2019),  - , pp.  1676-1680 

[23] Li, Y. P., et al., Numerical Analysis of a Steady Flow in a Non-Uniform Capillary, Thermal Science, 24 
(2020), 4, pp.  2385-2391 

[24] Lin, L., Fractal Diffusion of Silver Ions in Hollow Cylinders with Unsmooth Inner Surface, Journal of 
Engineered Fibers and Fabrics, 14 (2019), Dec., 1558925019895643 



Han, C., et al.: Effect of Fabric Surface’s Cleanliness on Its … 
THERMAL SCIENCE: Year 2021, Vol. 25, No. 2B, pp. 1517-1521 1521 

 

[25] Liu, Y. Q., et al., Air Permeability of Nanofiber Membrane with Hierarchical Structure, Thermal Science, 
22       ,  , pp.  1637-1643 

[26] He, J.-H., On the Height of Taylor Cone in Electrospinning, Results in Physics, 17 (2020), 103096 
[27] Li, X. X., He, J.-H., Bubble Electrospinning with an Auxiliary Electrode and an Auxiliary Air Flow, 

Recent Patents on Nanotechnology, 14 (2020),  , pp.   42-45 
[28] Yang, C. F., et al., Preparation of a Cu-BTC/PAN Electrospun Film with a Good Air Filtration 

Performance, Thermal Science, 25 (2021), 2B, pp. 1469-1475 
[29] Lin, L., et al., Fabrication of PVDF/PES Nanofibers with Unsmooth Fractal Surfaces by Electrospinning: 

a General Strategy and Formation Mechanism, Thermal Science, 25 (2021), 2B, pp. 1287-1294 
[30] Liu, L. G., et al., Dropping in Electrospinning Process: A General Strategy for Fabrication of 

Microspheres, Thermal Science, 25 (2021), 2B, pp. 1295-1303 
 

Paper submitted: February 10, 2021 © 2021 Society of Thermal Engineers of Serbia.  
Paper revised: February 12, 2021 Published by the Vin a Institute of Nuclear Sciences, Belgrade, Serbia. 
Paper accepted: February 14, 2021 This is an open access article distributed under the CC BY-NC-ND 4.0 terms and conditions.  

http://www.vin.bg.ac.rs/index.php/en/

