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Abstract 

The poster presents the assessment results of the functional comfort parameters of 
weft-knitted spacer fabrics, comprised by the research-development program of the 
international project Eureka E! 8735: Spacer Fabrics for Thermo-physiological 

Comfort. The fabrics were developed and produced by Czech company Sintex a.s. – 
the project leader – and subjected to the metrological assessment in the Textile 
Research Institute by the Polish Project Partner. 
 
The presentation includes a selected group of knitted fabrics whose external layers 
were made of textured polyester yarn with a yarn count of 110 dtex f36. The 
structural properties were made different by using monofilament polyester yarns 
with different yarn count (diameters): 44 dtex (ø0.065 mm), 56 dtex (ø0.075 mm), 
72 dtex (ø0.085) and 88 dtex (ø0.090 mm) in the spacer zone. These knitted fabrics 
with a square weight of 234 – 417 g/m2 and thickness range from 2.94 to 3.94 mm, 
were made with the use of Mayer OV 3.2 QC knitting machine with gauge 20E. The 
knitted fabrics were denoted as „3D045”, „3D059”, „3D060” and „3D065”. 
 
On account of the spacer structure, the knitted fabrics in the preliminary phase of 
finishing were subjected to pre-fixation. The spacer knitted fabrics were finished 
under industrial conditions in two ways: 

− Washing on a continuous line („W”) – the finishing process took place in the 
following steps: pre-fixation (175 °C), washing and drying (fixation). The 
result was quite good. The problem was only in irregular relief maps in some 
areas of the spacer fabric. 

− Dyeing on large JET machine („D”) – the finishing process was carried out in 
the following steps: pre-fixation (175 °C), dyeing and drying (fixation). The 
finishing results were satisfactory. 

Among the knitted fabric variants with specified structural differences, the highest 
square weight and thickness were shown by the variant, in which (in the spacer zone) 
monofilament yarn with a yarn count of 88 dtex and diameter 0.09 mm („3D 045”) 
was used, while the lowest yarn count and thickness were shown by the variant 
made of monofilament yarn with a yarn count of 44 dtex and diameter 0.065 mm 



 

 

(„3D 060”). Differences in the square weight and thickness of these fabric variants 
amount to 35 % and 40 %, respectively, for fabrics after laundering („W”) 20 % and 
25 % for fabrics after dyeing („D”). 
 
The selected parameters of the fabric thermo-physiological comfort were tested in 
the accredited Laboratory of Testing Raw Materials and Textiles of the Textile 
Research Institute according to the following standards: PN - EN ISO 9237:1998. 
Textiles. Determination of air permeability of textiles. (Measurements were made 
under conditions of pressure drops:  100 and 200 Pa); PN-EN ISO 11092:2014-11. 
Textiles. Physiological properties. Measurement of thermal resistance and water 
vapour resistance under conditions of steady state (method of sweating thermally 
insulated plate). 
The knitted fabrics were also subjected to the assessment of thermal properties in 
non-standardized system KES F7 using Thermo Labo II apparatus. The tests were 
carried out in the Department of Mechanical Technologies and Textile Design within 
the scope of the parameters of maximal density of heat flux in the contact site qmax 
and the parameters of thermal conductivity k and heat retention α [1]. The results 
of these tests allowed the functional and sensory assessment of the thermal 
properties of the knitted fabrics in the aspect of thermal comfort. The parameter of 
the maximal density of heat flux characterizes textiles in the aspect of sensation in 
the scale “warm-cold” during the first fabric contact with the user’s skin. This 
parameter proportionally depends on the heat conductivity of fabric. The higher the 
heat conductivity of the fabric, the more energy is absorbed by it, while in the 
sensory assessment it becomes “cooler” [2, 3]. The coefficient of heat retention α is 
calculated on the basis of the measurement of heat flux without and with the 
sample, expressed as difference in these values in relation to the density of heat flux 
determined without sample [4]. 
 
Table 1. Results of the basic structural and functional properties of the spacer knitted 
fabrics 
 

Denotation of 3D knitted 

fabrics 

3D 060  3D 065 3D 059  3D 045  

W D W D W D W D 

Count of PES spacer yarn 

(dtex) 
44 56 72 88 

Diameter of PES spacer 

yarn ø (mm) 
0.065 0.075 0.085 0.090 

Thickness (mm) 3.05 2.94 3.30 3.11 3.59 3.62 3.79 3.94 

Square weight (g/m2) 234 251 289 291 325 346 367 417 

Air permeability (mm/s) – 

100 Pa 
2194 1932 1973 1761 1687 1448 1761 1649 



 

 

Air permeability (mm/s) – 

200 Pa 
3277 2930 2822 2719 2573 2382 2666 2496 

Water vapour resistance Ret 

(m2Pa/W) 
3.17 5.65 3.48 6.41 3.57 4.47 3.89 5.10 

Water vapour permeability 

Wd (g/m2Pa h) 
0.470 0.263 0.428 0.232 0.417 0.333 0.383 0.292 

Thermal insulation Rct 

(m2K/W) 
0.031 0.034 0.034 0.033 0.037 0.037 0.035 0.030 

Max heat flux density qmax 

(W/m2) 
0.096 0.090 0.097 0.096 0.084 0.097 0.110 0.102 

Thermal conductivity  

k (W/mK) 
0.050 0.050 0.055 0.053 0.056 0.059 0.066 0.066 

 
For the presented spacer knitted fabrics, coefficient α was determined under 
different measurement conditions depending on the sample state (“dry’’ and “wet” 
methods), the position of sample in relation to the heating plate of the measurement 
apparatus (directly: „contact method” and in a constant distance of 5 mm: „space 
method”) and the flow rate of air acting perpendicularly to the surface of the sample 
tested (0.3 m/s and 1 m/s). The test results of the biophysical parameters of knitted 
fabrics, the maximal density of heat flux on the contact spot qmax and heat 
conductivity k are listed in Table 1, and the test results of heat retention α under 
various measurement conditions are shown in Fig. 2. 
 
The test results of air permeability show that for the structural and technological 
solutions assumed, the lowest filling of the fabric structure with yarn occurs in 
variant „3D 060” that is characterized by the lowest square weight with the lowest 
thickness. Variant “3D 059”, in which the spacer yarn with a yarn count of 72 dtex f1 
(ø0.085) was used to join the layers, is the knitted fabric with the highest filling with 
yarn. This variant, in relation to fabric „3D 045”, is characterized by the lowest square 
weight (by about 10 ÷ 20 %) with the lowest thickness. Based on the assessment of 
the values of biophysical parameters, one can state that spacer knitted fabrics have 
the function of thermo-physiological comfort [5]. The test results of air permeability 
and resistance of water vapour show that it is the method of finishing spacer knitted 
fabrics and its effect on structural properties that constitute an essential factor in 
imparting bio-physical properties to spacer fabrics. Considering the finishing 
methods used in this study, a better appraisal in the aspect of physiological comfort 
belongs to the fabrics finished on a continuous line. These fabrics show, in relation 
to those finished on large JET machine, air permeability values higher by about 5 ÷ 
15 % and values of water vapour resistance lower by about 20 ÷ 40 % with a square 
weight lower by about 5 ÷ 15 %. The analysis of test results has shown that in the 
case of the spacer structure of knitted fabrics made of the same raw material, their 
thermal resistance depends first of all on the filling of fabric structure with yarn, 
while the parameter of heat conductivity depends on the fabric thickness. From the 
value of the maximal heat flux density on the contact spot, qmax, it follows that in the 



 

 

case of variants „3D 045” and „3D 059 (W)”, the thermal difference will be felt in the 
first contact with the user’s skin. The remaining variants of fabrics are characterized 
by similar thermal properties. 
 
For the 3D knitted fabric variants tested, generally the lowest values of parameter α 
were obtained by the measurement made in direct sample contact with the heating 
plate in the “dry” state with an air flow rate in the tunnel of 0.3 m/s 
(31.65 ÷ 43.21 %). The highest values of the parameter analyzed were obtained for 
the measurement at a constant sample distance from the heating plate in the “wet” 
sample state and the air flow rate in the tunnel: 1 m/s (65.69 ÷ 69.38%). 
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