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Extended abstract 

Comfort occurs when body temperatures are held within narrow ranges, skin 

moisture is low, and the physiological effort of regulation is minimized [1].The 

relevant clothing material characteristics are thermal insulation, water vapor 

resistance and moisture absorption. The major insulating effect of clothing is based 

on the still air layers between the skin and the different clothing layers, which reduce 

conduction losses to the environment. 

Clothing resists convective losses by preventing convection currents from forming 

next to the body and by providing a barrier against air currents in the environment. 

Clothing also reduces radiant heat loss by serving as a thermal radiation barrier and 

evaporative heat loss by restricting the evaporation of sweat produced by the body. 

The thermal insulation effect of individual textile layers is dependent on their 

material properties i.e. usually thermal conductivity and porosity, the looseness or 

tightness of fit, the body surface area covered by the clothing and the accessible 

surface area for heat loss. 

Nowadays, a lot of synthetic fibers with different shapes and hollow cans be 

produced due to the advanced manufacturing technologies. Hollow fibers have 

many unique properties and have found numerous applications as well. For example, 

hollow fibers can provide great bulkiness with less weight and are often used to 

make insulated clothing materials. The heat insulation properties of hollow fiber are 

better than those of conventional fibers [2, 5]. Therefore, it is very important to know 

the thermal property of fibers, to design and optimize the structure of fibers for 

various applications. By the detailed inspection of thermal conductivities of textile 

structures containing special cross sections and hollows it can be found that the main 

role is played by the planar mass and fabrics thickness which are responsible for 

fabric total porosity. [3]. Due to limitation of measuring for fiber’s thermal 

conductivity, the numerical simulation method becomes a very useful and effective 

way to evaluate the fiber’s thermal conductivity. In this work, several kinds of fibers 

with different circular hollow size are studied. The influence of planar mass and 

fabric thickness on the fabric thermal conductivity is quantified. 

The typical fibers with holes or special cross section (Coolmax, Coolplus, Thermocool, 

Thermolite) and round polyester fibers were used (see fig. 1). Air volume portion P 



 

 

[%] of hollow fibers was evaluated from microscopic images and corresponding fiber 

density was calculated. From these fibers the ring spun yarns were prepared. 

Basic characteristic of fibers and yarns are given in the Tab. 1. Samples of gray plain 

knitted fabric with using of staple yarns mentioned above on the Tricolab device 

were produced with row density 13 rows per cm, column density from 8,5 to 9 

columns per cm according to yarn fineness. Basic properties of knitting fabrics are 

given in Tab. 2. 

 

 
 

Figure 1. Cross section of selected fibers 

 
Table 1. Basic parameters of fibers and yarns 

Fiber type 

 

Yarn fineness (tex) Yarn twist (m-1) 

Fibers 

number 

Fiber 

fineness 

(tex) 

Mean 

value 

Limits of 95% 

confidence interval 

Mean 

value 

Limits of 95% 

confidence interval 

Coolmax 16,4 16,2 16,5 706 686 727 85 0,192 

Coolplus 16,3 15,8 16,7 619 606 632 92 0,177 

Thermocool 17,1 16,8 17,4 738 724 753 92  0,186 

Thermolite 16,7 16,4 17,0 776 749 803 90 0,186 

PES round 16,4 16,1 16,7 546 530 562 104 0,158 

 

 

 

 



 

 

Table 2. Basic characteristics of knitted fabrics 
 

Sample type 

 

Gsm (g.m-2)  

grey fabric 

 

Fabric 

density 

[kgm-3] 

 

Fiber 

density 

[kgm-3] 

 

Porosity 

[-] 

Air permeability (l.m-2.s-1) 

Mean 

value 

95% 

confidenc

e interval 

Mean 

value 

Coolmax 104 138,7 1360 0,898 9572 9587 9557 

Coolplus 101 111,1 1360 0,918 9624 9652 9596 

Thermocool 106 138,9 1227,3 0,887 9624 9643 9605 

Thermolite 110 125,1 1248,04 0,899 9626 9643 9609 

PET round 107 120,2 1360 0,911 9811 9841 9781 

 

Thermal conductivity and thickness were measured by using device Alambeta 

(pressure 200 Pa). Air permeability was measured by device FX3300 (pretension 

1000 Pa). The fabrics volume porosity was calculated from the relation 
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Where ρF is fibers density, W is planar mass and H is thickness. Ratio between planar 

density and thickness represents fabric density (Tab. 2). Dependence of knitted 

fabrics thermal conductivity and thermal resistance on the porosity is shown in Fig.2 

and Fig.3. Bars are here indicating 95 %-th confidence intervals. 

 

 
Figure 2. Thermal conductivity of knitted fabrics as function of porosity 
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It is visible that the differences between individual fiber types are relatively small 

and round fiber is not far from more complicated fiber cross sections. In fabrics the 

influence of holes in fibers are not so important as influence of planar mass and 

fabric thickness (porosity). 

The changes in these construction parameters are simple in the case of nonwovens 

but limited in the case of woven or knitted fabrics. 
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