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Abstract
Heat and mass transfer properties of textile fabrics determine thermal comfort. This paper introduces a statistical study on the 
contribution of yarn fineness to the heat and mass transfer properties of single jersey cotton and polyester fabrics through relevant 
measurements. It is observed that yarn fineness affects those properties at different levels in differing fiber types.  
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1.  Introduction 
There is no doubt that people tend to wear 
clothing which gives a comfort sensation. 
The comfort of clothing is described 
as the combined effect of mechanical 
and thermal properties of fabrics; thus, 
determined by thermal and non-thermal 
components [1,2], thermal comfort 
has been accepted as the main function 
determining over-all clothing comfort 
[3]. 

As the fabric contacts with the skin, 
the heat and moisture produced by the 
metabolism is transferred by several 
mechanisms that simply determine 
heat and mass transition from the 
body to the environment to obtain 
thermal equilibrium. This mechanism 
characterizes thermal comfort, which 
is certain result of thermal equilibrium. 
Thus, there are various papers concerning 
heat and mass transfer properties of 
fabrics that have a comparative approach 
to their thermal comfort level so as to 
improve clothing design [4-9]. Heat 
transfer through fabric depends mainly 
on thermal conductivity, while mass 
transport is determined by air transfer 
and water transition in both a vapour and 
liquid state. Mass transfer through fabric 
can be evaluated by measuring water 
vapour permeability, air permeability and 
wicking performance, respectively [7]. 

The thermal conductivity of fibrous 
materials made of solid fibers and 

air, such as a fabric, is defined as the 
combination of the thermal conductivity 
of those two components.  Ukponmwan 
stated that fabric density and specific heat, 
as a description of the fiber type, should 
determine the rate of heat transfer [10]. To 
maintain thermal balance with the body 
and the environment, the amount of heat 
produced by the metabolism should be 
transferred through the clothing system; 
hence, a fabric should have a certain level 
of thermal conductivity. 

Considering the thermal balance 
between the body and the environment, 
the water vapour permeability of the 
fabric is another important property. 
Previous research showed that for the 
same water vapour concentration and 
temperature gradient around the fabric, 
the transition rate of water vapour is 
strongly affected by the hygroscopicity 
of fiber. Water vapour transmission 
is higher when hydrophilic fibers are 
included in the fabric since they retain 
water molecules more. Also, since 
liquid vapour can pass through, the 
fabric openings affect the water vapour 
permeability [11-13].

The air permeability of a fabric is 
strongly related to thermal comfort in 
several ways. It facilitates heat transfer 
and moisture transition in both the liquid 
and vapour phase. Also, the air transfer 
though fabric can only be managed 
though the openings, and still air around 

those openings influence thermal 
resistance [14,15].  

Meanwhile, the interactions of fibrous 
surfaces with the liquid water depend 
on the fibre and liquid properties 
which determine the characteristics of 
liquid flow [16]. Liquid is transported 
in textiles through a capillary action 
called wicking. It was described before 
that wicking is a result of fibre-liquid 
attraction at the fibre surfaces and is 
determined by surface tension between 
liquid and fibre and effective capillary 
pore distribution [15,17]. Wicking within 
a fabric occurs through the thickness 
(perpendicular) and along (parallel) the 
fabric plane, happening simultaneously 
with perspiration. 

Generally speaking, a fabric with a 
high permeability to air is also highly 
permeable to water vapour, and a fabric 
with a high wicking capability will be 
more comfortable to wear for sports and 
leisure clothing.

This paper investigates the effect of 
yarn fineness on heat and mass transfer 
properties of 100 % cotton (CO) and 
polyester (PET) single jersey knitted 
fabrics. Yarn fineness has been accepted 
as an important fabric parameter 
affecting thermal comfort properties 
through manipulating fabric density, the 
contact area between the fabric and skin, 
surface roughness, masking the inverse 
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relation between thermal conductivity 
and resistance, thickness and porosity by 
several researchers [18-20]; but there is 
lack of a study introducing a systematic 
research of yarn fineness in relation to 
the heat and mass properties of knitted 
fabrics. Single jersey is among the knit 
structures widely used in the sports and 
leisure clothing industry, where cotton 
and polyester are also largely consumed 
fiber types in the market. The findings 
allow us to assess the contribution of the 
yarn count on the heat and mass transfer of 
fabrics and evaluate which properties are 
significantly affected by the yarn count in 
different fiber types. The measurement 
results were also statistically analysed, 
and they were concluded to give valuable 
insight for the sports and leisure clothing 
industry.

2.  Materials and Method

Fabrics were knitted using commercially 
available ring spun Ne 20/1, Ne 30/1 and 
Ne 40/1 100 % cotton (29.12 mm average 
fiber length, am: 112.7) and 100 % staple 
polyester yarns (38 mm fiber length, am: 
110.5). The constructional parameters 
are given in Table 1. All samples were 
produced on the same circular knitting 
machine with a 22 gauge and 32ʺ 
diameter to have the same course and 
wale densities. (13×14 course × wales) 
The samples were subjected to pre-
treatment including scouring and rinsing 
in an uncontrolled industry environment. 
Any other pre-treatment like mercerizing 
or finishing like softening was not applied 
so as not to hinder the sole effect of the 
fiber type.

The thermal conductivity of the samples, 
representing the heat transfer property, 

was measured by an Alambeta device, 
which satisfies ISO 8301, and water 
vapour permeability measurements 
were made by Permetest, which follows 
the identical procedure as required 
in  ISO 11092. The working principle 
of these instruments is given in detail 
in [4,15]. The air permeability of the 
samples was measured in accordance 
with ASTM D 737 by SDL Atlas 
Air Permeability Tester. A wicking 
measurement of the capability of the 
sample to manage the transport of liquid 
moisture was made by means of an SDL 
Atlas Moisture Management Tester in 
accordance with AATCC 195. Overall 
moisture management capacity (OMMC) 
values were taken as the indication of 
wicking performance. A larger OMMC 
indicates a better overall moisture 
management capability of the fabric [21]. 
All the measurements were completed 
in standard and controlled laboratory 
environment conditions and repeated 
six times. The mean values of six 
measurements were used in assessments 
for each parameter.

For the statistical analysis of the results, 
the contribution of yarn count on each 
property was evaluated by completely 
randomized one-way analysis of variance 
(ANOVA) for different fiber types. 
The results were evaluated at a 5 % 
significance level based on the F-ratio 
and the probability of the F-ratio. The 
contribution of yarn count was stronger 
and more significant when the F-ratio 
was higher, and the probability of the 
F-ratio was lower. 

To define the exact classification, we also 
used the t-test to determine which sample 
is significantly different. The treatment 
levels were marked by letters according 

to their mean values, and any levels 
which do not have significant difference 
were marked with the same letter. 

3.  Results and Discussions

As the yarns get finer, the knitted fabrics 
gave a lower weight, thickness and, 
consequently, fabric density as expected. 
Since fabric density indicates the amount 
of the entrapped air layer; a lower fabric 
density represents a higher amount of 
the air layer in the fabric, which strongly 
affects the heat and mass transfer 
properties. 

3.1.  Water vapour permeability

As given in Figure 1, single jersey samples 
gave lower water vapour permeability at 
higher weight and thickness values (when 
coarser yarns were used). This tendency 
is also observed in Figure 2, where 
each sample is labelled with its average 
result of the measurement. On the other 
hand, when the samples are statistically 
analysed separately according to fiber 
type (Figure 3), PET samples had a 
narrower distribution in terms of water 
vapour permeability, as seen in the All 
Pairs section, and there was a slight 
intersection between samples with Ne 
20/1 and Ne 30/1. The cotton samples 
gave a broader distribution of values, 
which indicated the variation of the 
results and larger error as a variation 
source that hinders the strength of the 
assessment. But in any case, the ANOVA 
given in Table 2 confirms the stronger 
contribution of yarn count on water vapour 
permeability in polyester samples than 
that of cotton due to the higher F-ratio. 
Ne 40/1 yarns produced single jersey 

Sample Code Fiber Content Yarn Count Fabric weight 
(g/m2)

Fabric thickness  
(mm)

Fabric density a

(g/m3)
PET1 100 % PET Ne 20/1 186,00 0,54 0,34
CO1 100 % cotton Ne 20/1 181,80 0,65 0,28
PET2 100 % PET Ne 30/1 146,80 0,47 0,31
CO2 100 % cotton Ne 30/1 141,00 0,51 0,28
PET3 100 % PET Ne 40/1 102,00 0,39 0,26
CO3 100 % cotton Ne 40/1 113,60 0,48 0,24

a Fabric density is calculated by dividing fabric weight by thickness

Table 1. Sample plan
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fabric which had significantly higher 
water vapour permeability, as given in 
the range test (Table 3), from which it is 
also possible to say that polyester single 
jersey fabrics had higher average values 
of water vapour permeability, especially 
when the finest yarns were used. 

3.2.  Thermal conductivity

Figure 4 and 5 show that samples with 
higher weight and thickness (when 
coarser yarns were used) gave higher 
thermal conductivity. This result is 
related with lower fabric density as yarn 
fineness increases with an increased 
amount of the air layer, which has very 
low thermal conductivity when compared 
with textile fibers. On the other hand the 
statistical analysis showed that yarn count 
had a stronger contribution to the thermal 
conductivity of single jersey polyester 
fabrics (Table 4) than that of cotton. 
Cotton samples tend to have higher 
thermal conductivity, as seen in Figure 6 
and Table 5, as a result of having higher 
thickness, and Ne 20/1 yarn produced 
fabrics have significantly higher thermal 
conductivity for both fiber types.

3.3.  Air permeability

Figures 7 and 8 clearly show the effect of 
yarn fineness on the air permeability of 
single jersey fabrics, where, as the yarns 
became finer, the samples had higher air 

 

 
Fig. 1. Interaction between water vapour permeability, fabric weight and thickness of samples  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Y= 92.36 – 0,2088 X  
R2 =0,684 

Y= 99,57 – 74,16 X  
R2 =0,539 

Fig. 1. Interaction between water vapour permeability, fabric weight and thickness of samples 

 
Fig. 2. Water vapour permeability measurement results of the samples 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Water vapour permeability measurement results of the samples

    (a)

Source Mean Square F-ratio Probability
(F-ratio)

Yarn Fineness 644.878 198.340 < 0.001
Error 3.251

    
(b)

Source Mean Square F-ratio Probability
(F-ratio)

Yarn Fineness 412.260 59.050 < 0,001
Error 6.982

Table 2. ANOVA table for a) polyester and b) cotton samples for water vapour permeability

(a) (b)
Yarn Count Mean value Yarn Count Mean value

Ne 40/1 73,91 a Ne 40/1 67,13 a
Ne 20/1 57,61 b Ne 30/1 66,49 a
Ne 30/1 54,66 c Ne 20/1 52,47 b

Table 3. Range test for a) polyester and b) cotton fabrics for water vapour permeability
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permeability. Similarly, air permeability 
values dropped as the samples’ weight 
and thickness increased. This situation 
can be explained due to the reduced 
tightness factor of knitted fabric, which 
is a function of yarn linear density (yarn 
count); as the yarn got finer, the knitted 
fabric had a lower tightness, which 
resulted in a lower cover factor and 
enlarged porosity [22]. This effect of yarn 
fineness on fabric porosity is also observed 
in the reduced density (increased amount 
of the air layer). The statistical analyses 
given in Figure 9 and Table 6 showed that 
test results had a narrower distribution 
and a lower contribution of any error in 
the analyses, and that yarn fineness had a 
stronger contribution in cotton samples. 

 
(a)         (b) 

Fig. 3. Distribution of water vapour permeability values of a) polyester and b) cotton samples 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. Distribution of water vapour permeability values of a) polyester and b) cotton samples

 
Fig. 4. Interaction between thermal conductivity, fabric weight and thickness of samples  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Y= 20,35 + 0,05679 X  
R2 =0,478 

Y= 13.79 + 29,26 X  
R2 =0,794 

Fig. 4. Interaction between thermal conductivity, fabric weight and thickness of samples

 
Fig. 5. Thermal conductivity measurement results of the samples 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5. Thermal conductivity measurement results of the samples
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The range test (Table 7) indicated that Ne 
40/1 yarn usage gave significantly higher 
air permeability results.

3.4.  Wicking

Although a relatively weak correlation 
was found between the fabric 
constructional parameters and wicking 
performance of samples, it could still be 
said that finer yarns gave better moisture 
management property, as seen in Figure 
10 and 11. On the other hand, yarn fineness 
was found to have an insignificant effect 
on the wicking performance of polyester 
samples and for cotton, The F-ratio was 
the lowest among all properties assessed 
(Table 8 and 9). The resulting distribution 

       
(a)      (b) 

 
Fig. 6. Distribution of thermal conductivity values of a) polyester and b) cotton samples 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6. Distribution of thermal conductivity values of a) polyester and b) cotton samples

(a)

Source Mean Square F-ratio Probability
(F-ratio)

Yarn Fineness 42.28 49.67 < 0.001
Error 0.85

    
(b)

Source Mean Square F-ratio Probability
(F-ratio)

Yarn Fineness 29.69 39.27 < 0,001
Error 0.76

Table 4. ANOVA table for a) polyester and b) cotton samples for thermal conductivity

(a) (b)
Yarn Count Mean value Yarn Count Mean value

Ne 20/1 29.12 a Ne 20/1 32.48 a
Ne 30/1 28.28 a Ne 40/1 29.40 b
Ne 40/1 24.16 c Ne 30/1 28.16 b

Table 5. Range test for a) polyester and b) cotton fabrics for thermal conductivity

 
 
Fig. 7. Interaction between air permeability,  fabric weight and thickness of samples 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Y= 2486 – 10.01 X  
R2 =0,291 

Y= 4081 – 6024 X 
R2 =0,660 

Fig. 7. Interaction between air permeability,  fabric weight and thickness of samples
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was wide for each fiber type, and a large 
intersection was observed in polyester 
samples, which also confirmed the 
insignificant effect (Figure 12). It could 
be said that yarn fineness had the weakest 
effect on the liquid transfer performance 
of single jersey knitted fabrics.  

4.  Conclusion

This paper investigates the effect of yarn 
fineness on the heat and mass transfer 
properties of 100 % polyester and cotton 
single jersey knitted fabrics by examining 
thermal conductivity (heat transfer), air 
permeability, water vapour permeability 
and wicking performance (mass transfer). 
Three different sample types differing in 
fiber type were produced by the same 
knitting machine with the same machine 
settings. It is found that heat and mass 
transfer properties were generally affected 
by yarn fineness; the finer yarns gave 
higher water vapour permeability, air 
permeability and somehow better wicking 
but reduced thermal conductivity. This 
is an explanation for fine yarns giving 
better thermal comfort in single jersey 
knitted fabrics which are recommended 
for summer garments. Similarly knitted 
fabrics with finer yarns are stated to 
be cooler, more open and show a more 
permeable structure, as stated before 
in [8,20]. Also, yarn fineness had a 
stronger contribution to water vapour 
permeability and thermal conductivity 
in polyester samples but an insignificant 

 
Fig. 8. Air permeability measurement results of the samples 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8. Air permeability measurement results of the samples

 
(a)         (b) 

Fig. 9. Distribution of air permeability values of a) polyester and b) cotton samples 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 9. Distribution of air permeability values of a) polyester and b) cotton samples

(a)

Source Mean Square F-ratio Probability
(F-ratio)

Yarn Fineness 1394144 455.40 < 0.001
Error 3061

(b)

Source Mean Square F-ratio Probability
(F-ratio)

Yarn Fineness 654530 959.01 < 0,001
Error 683

Table 6. ANOVA table for a) polyester and b) cotton samples for air permeability

(a) (b)

Yarn Count Mean value Yarn Count Mean value

Ne 40/1 2042 a Ne 40/1 941.2 a

Ne 30/1 1374 b Ne 30/1 383.0 b

Ne 20/1 1106 c Ne 20/1 356.2 b

Table 7. Range test for a) polyester and b) cotton fabrics for air permeability
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one to wicking ability. On the other hand, 
although cotton samples had lower air 
permeability than polyester samples, 
yarn fineness had a stronger effect on 
the air permeability of cotton samples. 
The same conclusion was also applicable 
for wicking performance. Also, it should 
be noted that yarn fineness had the 
strongest contribution to air permeability, 
followed by water vapour permeability, 
thermal conductivity and wicking. Thus, 
it is possible to manipulate the thermal 
comfort of single jersey fabrics by 
changing the yarn count: while for cotton 
single jersey fabrics, the air permeability 
could be manipulated, and for polyester 
single jersey fabrics - the water vapour 
permeability could be changed in larger 
amounts by means of the yarn count.

 
 
Fig. 10. Interaction between OMMC,  fabric weight and thickness of samples 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Y= 0,7689 – 0,001813 X  
R2 =0,144 

Y= 0,9696 – 0,8815 X  
R2 =0,213 

Fig. 10. Interaction between OMMC,  fabric weight and thickness of samples

 
Fig. 11. OMMC measurement results of the samples 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 11. OMMC measurement results of the samples

 
(a)         (b) 

Fig. 12. Distribution of OMMC values of a) polyester and b) cotton samples 
 
 

Fig. 12. Distribution of OMMC values of a) polyester and b) cotton samples
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(a)

Source Mean Square F-ratio Probability
(F-ratio)

Yarn Fineness 0.005 0.6382 0.5420
Error 0.008

(b)

Source Mean Square F-ratio Probability
(F-ratio)

Yarn Fineness 0.212 12.670 0.0006
Error 0.017

Table 8. ANOVA table for a) polyester b) cotton samples for OMMC

(a) (b)
Yarn Count Mean value Yarn Count Mean value

Ne 30/1 0.56 a Ne 30/1 0.69 a
Ne 40/1 0.54 a Ne 40/1 0.53 a
Ne 20/1 0.50 a Ne 20/1 0.31 b

Table 9. Range test for a) polyester and b) cotton fabrics for OMMC
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