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Today, clothing comfort appears as a significant
factor when people make their clothing selection.

Researches conducted on this subject are important
in terms of raising people’s life standards. Clothing
comfort is divided into sub-components as thermal
comfort, sensory comfort, body movement comfort
and psychological (aesthetical) comfort [1].
Thermal comfort is a property related to the ability of
clothing to keep the body temperature within the
required temperature limits and to transfer the pro-
duced sweat. Thermal comfort sense is the state
where a person is satisfied with the temperature or
moisture rate of the available environment and does
not request any change in existing atmospheric con-
ditions [2, 3, 4]. There is a common agreement in lit-
erature and the researchers of the subject consider
that air permeability, water vapor permeability and liq-
uid transfer properties as well as the thermal resis-
tance and thermal conductivity properties are the
most important properties of clothing in order to main-
tain thermal comfort [1, 3, 4, 5, 6, 7, 8, 9, 10].
Clothing with good thermal comfort has an efficient
role in maintaining the heat and moisture balance of
a person by transferring the heat and moisture of
body that change under different atmospheric condi-
tions and/or during different activities [11].
Within the scope of this study, the aim was to manu-
facture active-wear fabrics that have high clothing
comfort, hence, a high added value, considering the
fact that different fibers and fabric structures can be
used for active-wear. Accordingly, in the first stage

of the study, a new double-layer woven fabric was
designed to be used for casual wear and four differ-
ent fabrics were manufactured by utilizing cotton,
Tencel LF®, bamboo and Modal® yarns in addition to
Dri-release® yarn. Then, thermal comfort properties
of these fabrics were analyzed, statistically reviewed
and compared to each other. At the end of the study,
fabrics with optimum usage properties were sug -
gested. 
While designing a fabric, functional properties and
basic structural parameters of fabrics must be fully
understood [12]. A fabric consists of fibers and air.
The still-air amount in fabric is more important than
the fiber amount when thermal resistance is consid-
ered; still-air provides more thermal resistance in
comparison to a great number of textile fibers [2, 13,
14, 15]. Regarding this matter, Cubric et al. (2012)
put forward that the amount of still-air within the
structure of knitted fabrics played an important role in
terms of the thermal properties of fabric [16]. 
In the light of this information, the main idea of
designing fabrics within the scope of the study was to
form a double-layer structure and in this way, to pre-
serve an air stratum between the fabric layers. In
addition to that, multiple yarn types were used
together in fabric manufacturing. Therefore, the aim
was to utilize the properties of different fibers simul-
taneously. 
The general properties of the fibers used within the
study are as follows. 

REZUMAT – ABSTRACT

Proprietăţile de confort ale ţesăturilor produse din fire Dri-release®

Scopul acestui studiu a fost de a produce ţesături pentru îmbrăcăminte sport cu un grad ridicat de confort, deci cu o
valoare adăugată mare. În prima etapă a studiului a fost proiectată o ţesătură nouă cu structură bistrat pentru a fi utili-
zată pentru producerea îmbrăcămintei sport. Au fost create patru ţesături diferite utilizând firele de bumbac, Tencel LF®,
bambus şi Modal®, precum şi firele Dri-release®. Ulterior, au fost analizate, verificate statistic şi comparate proprie tăţile
de confort termic ale acestor ţesături. La finalului studiului, au fost indicate ţesăturile cu proprietăţi optime de utilizare.

Cuvinte-cheie: Dri-release®, confort termic, ţesătură

Comfort-related properties of woven fabrics produced from Dri-release® yarns

The aim of this study was to manufacture active-wear fabrics that have a high clothing comfort, hence, a high added
value. In the first stage of the study, a new double-layer woven fabric was designed to be used for active-wear and four
different fabrics were manufactured by utilizing cotton, Tencel LF®, bamboo and Modal® yarns in addition to
Dri-release® yarn. Then, thermal comfort properties of these fabrics were analyzed, statistically reviewed and compared
to each other. At the end of the study, fabrics with optimum usage properties were suggested. 

Key-words: Dri-release®, thermal comfort, woven fabric

Comfort-related properties of woven fabrics produced from
Dri-release® yarns
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Dri-release®
Dri-release® is the trademark of Optimer. While
85–90% of this product consists of polyester fiber
with hydrophobic properties, 10–15% of it consists of
cotton, which is a hydrophilic fiber. In Dri-release®
yarn, two different fibers are jointly used and they
make a single yarn, thus, the properties of both fibers
are separately utilized and the properties – mainly
thermal comfort – of the manufactured goods are
aimed to be improved. The natural fiber part absorbs
the moisture on skin and transfers it inside the fabric.
The synthetic fiber part wards off the moisture
towards the upper part of clothing where it can
easily vaporize by means of air current on the fabric.
Dri-release® is a product which is used in active-
wear, socks and underwear manufacturing [17, 18,
19, 20].

Cotton
Cotton fiber, which is a vegetable raw material of tex-
tile, has an extensive area of use. Cotton fiber is used
especially in underwear and active-wear manufactur-
ing due to its softness, its high resistance to wetness,
its durability against washing, its hygiene property
and its high capacity to hold moisture [21].

Tencel®
Tencel® fiber is the trademark of Lenzing. It is a tree-
based fiber which is obtained via nano-fibril technol-
ogy. Its most prominent feature is that it is soft due to
its smooth fiber structure, that it is high-strength and
that it provides quite high water absorption [22]. 

Bamboo
This fiber, which is obtained from the cellulose of bam-
boo plant, has good properties of moisture absorp -
tion, moisture vaporization and ventilation thanks to
the micro gaps and micro holes [22, 23]. 

Modal®
Modal® is a fiber obtained from the cellulose of
beech. It is the trademark of Lenzing. The most
prominent feature of this fiber is that it is soft and radi-
ant. Among the other properties, its low fiber hard-
ness, smooth fiber surface, low yarn imperfection,
high strength, natural softening material content and
high chroma can be listed [22].

EXPERIMENTAL PART
Materials
Values related to the weft yarns of the fabrics within
the scope of the study are shown in table 1, and val-
ues related to the warp yarns of the fabrics within the
scope of the study are shown in table 2.  

The fabrics were woven on a dobby weaving loom
and kept in 50ºC water for 90 minutes without adding
any substance, and then, they were left to dry. The
basis weight and thickness values, numbers of warp
and weft yarns per unit area and the codes of warp
and weft yarns are shown in table 3. In order that the
fabric codes can be apprehended easily, the codes
were prepared by using the numbers of yarn codes
which are used in manufacturing the fabrics. 
The fabrics were manufactured in original modified
twill structure (figure 1). Modified twill structure was
double-layered. While a double-layer structure was
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Table 1

Table 2

Table 3

CHARACTERISTICS OF THE WEFT YARNS
OF THE FABRICS

Yarn
Code

Yarn
Count
(Nm)

Raw Material Twist
Coefficien

t (αe)

Direction
of Twist

Y1 20/1,
ring

% 100 Dri-release®
(%85 Polyester,

%15 Cotton)
3,7 Z

Y2 20/1,
ring % 100 Tencel LF® 3,7 Z

Y3 20/1,
ring

% 100 Rayon made
from Bamboo 3,7 Z

Y4 20/1,
ring % 100 Modal® 3,7 Z

CHARACTERISTICS OF THE FABRICS

Fabric No Weight
(g/m²)

Thickness
(mm)

Warp
Density

(warp/cm)

Weft
Density
(weft/cm)

Code of
Warp Yarn

Code of
First-Layer
Weft Yarn

Code of
Second-Layer

Weft Yarn
1-1 121 0,55 22 28 Y5 Y1 Y1
1-2 123 0,52 23 29 Y5 Y1 Y2
1-3 140 0,56 23 29 Y5 Y1 Y3
1-4 128 0,53 23 30 Y5 Y1 Y4

CHARACTERISTICS OF THE WARP YARNS
OF THE FABRICS

Yarn
Code

Yarn
Count
(Nm)

Raw
Material

Twist Coefficient (αe)
First

Layer (Z)
Second

Layer (S)
Y5 80/2, ring % 100 Cotton 3,7 3,1



developed in the fabrics, among the self-tie methods,
weft joining method was used. The texture reports of
the fabrics are equal, however, their junction points
were changed in order to use different yarns on front
and reverse sides. 

Method
All of the experimental studies in this section except
water permeability test were conducted in the Textile
Laboratories in Tampere Technical University, Faculty
of Automation, Mechanical and Material Engineering,
Department of Fiber Materials Science. Water per-
meability test was conducted in the Textile
Laboratories in Technical Administration of TSI
Denizli Textile Laboratory. All of the fabric samples
were conditioned by keeping under standard atmo-
spheric conditions (20 ± 2°C temperature and
65% ± 5 relative humidity) for 24 hours before the
experimental studies. The data obtained were ana-
lyzed by utilizing the SPSS 15.0 statistical package
software. The measurements are described as follows.
The weight values of the fabrics were identified accord-
ing to SFS 3192:1974 standard, and the thickness
values of the fabrics were identified according to
SFS-EN ISO 5084:1997 standard. 

Thermal resistance – Thermal conductivity 
Thermal resistance and conductivity of the fabrics
were measured via thermal resistance measuring
device according to ISO 5085-1:1989 standard and
double plate method [24]. Test samples with diameter
of 33 cm were prepared for each fabric sample. 

Water vapor permeability 
Water vapor permeability of the fabrics was mea-
sured according to Gore cup method. Test samples
with diameter of 9 cm were prepared for each fabric
sample. The materials used during the test were
measurement cup, rubber ring, silica gel, Gore-tex
membrane-covered supporting frame and water
bath. The testing apparatus is shown in figure 2. 
The measurement cup is filled with silica gel and the
brim of the cup is covered with samples via rubber
rings. This apparatus is weighed on a precision scale
and the m0 value is obtained. On the other hand,
water bath is prepared and the Gore-tex covered

supporting frame, which is a highly permeable mem-
brane in terms of water vapor, is placed on this water
bath. Previously prepared sample is placed on this
frame. This testing apparatus is kept for four hours
and the m1 value is obtained by measuring the cup
weight again at the end of these four hours. The m1
and m0 values, which are obtained from the test
results, are subtracted from each other and the water
vapor permeability value is calculated.

Air permeability 
Air permeability of the fabrics was measured accord-
ing to SFS-EN ISO 9237:1996 standard [25] The
measurements were conducted via Karl Schröder
D-6940 air permeability measuring device by apply-
ing 100 Pa pressure on a surface area of 20 cm2. 

Water permeability 
Water permeability of the fabrics was measured
according to TS 257 EN 20811/T1 – Textile Fabrics-
Determination of Resistance to Water Penetration-
Hydrostatic Pressure Test standard [26]. The mea-
surements were conducted via Textest FX 3000
Hydrostatic Head Tester measuring device by apply-
ing 60 mbar/minute water pressure rate of increase.

RESULTS AND DISCUSSION
The mean values, standard deviations and measure-
ment units of thermal comfort property, which were
obtained from the standard measurements conduct-
ed on the fabrics, are shown in table 4.
The significance value within the study was acknowl-
edged as (p) 0.05. If significance value (p) of a
parameter was higher than 0.05 (p > 0.05), it was
interpreted that the parameter did not make a statis-
tically significant difference. 
Fabric 1-1 was considered as the control group in
interpretation of the analysis. One-way Analysis of
Variance (ANOVA) was conducted on the indepen-
dent samples in order to determine if different yarn
types used in conjunction with Dri-release® yarn
have a statistically significant difference on the ther-
mal resistance, thermal conductivity, water vapor per-
meability, air permeability and water permeability val-
ues of the fabrics. 
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Fig. 1. Modified twill texture report Fig. 2. Testing apparatus of Gore cup method



The hypotheses of ANOVA analysis, which were con-
ducted for each property, are as follows.  
“H0”: There is no difference between the fabrics in

terms of thermal comfort property.
“H1”: There is a difference between the fabrics in

terms of thermal comfort property. 
Before the variance analysis, Levene Test was con-
ducted and variance homogeneity was tested. It was
interpreted that the variances were homogeneous if
the result was p > 0.05, and that the variances were
not homogeneous if the result was p < 0.05 in
Levene Test. In order to define the relationship
between the fabrics, Tukey HSD multiple comparison
test was conducted in the cases that the variances
were homogeneous, and Games-Howell multiple com -
parison test was conducted in the cases that the vari-
ances were not homogeneous. The results obtained
are described in the provided tables. 

Thermal resistance 
According to the results of Levene Test, F = 0,105
and significance level was p = 0,955; in this case, it
was observed that distribution variances were homo-
geneous. According to the results of ANOVA,
F = 71,636 and p = 0,000. Therefore, “H1” hypothe-
sis was accepted; in other words, there was a statis-
tically significant difference between the thermal
resistance values of the fabrics. According to Tukey
HSD multiple comparison test, which was conducted
after ANOVA test, while the fabrics 1-1, 1-2 and 1-4
made a group, the fabric 1-3 made another group. 

Thermal conductivity
According to the results of Levene Test, F = 6,725
and significance level was p = 0,007; in this case, it
was observed that distribution variances were not
homogeneous. According to the results of ANOVA,
F = 37,321 and p = 0,000. Therefore, “H1” hypothe-
sis was accepted; in other words, there was a statis-
tically significant difference between the thermal
resistance values of the fabrics. According to Games-
Howell multiple comparison test, which was conduct-
ed after ANOVA test, there was a significant difference

between the thermal conductivity of the fabric 1-3
and the thermal conductivity of the fabrics 1-1, 1-2,
1-4. In addition to that, there was a significant differ-
ence between the thermal conductivity values of the
fabrics 1-1 and 1-2.

Water vapor permeability
According to the results of Levene Test, F = 0,301
and significance level was p = 0,824; in this case, it
was observed that distribution variances were homo-
geneous. According to the results of ANOVA,
F = 0,698 and p = 0,571. Therefore, “H0” hypothesis
was accepted; in other words, there was no statisti-
cally significant difference between the water vapor
permeability values of the fabrics. 
In addition, according to the correlation analysis con-
ducted between the thickness and water vapor per-
meability values of fabrics, Pearson correlation coef-
ficient was measured as –0.953 at 0.05 significance
level. In other words, while the thickness value of fab-
rics increases, the water vapor permeability value
decreases.

Air permeability
According to the results of Levene Test, F = 1,877
and significance level was p = 0,174; in this case, it
was observed that distribution variances were
homogeneous. According to the results of ANOVA,
F = 30,889 and p = 0,000. Therefore, “H1” hypothe-
sis was accepted; in other words, there was a statis-
tically significant difference between the air perme-
ability values of the fabrics. According to Tukey HSD
multiple comparison test, which was conducted after
ANOVA test, while the fabrics 1-1, 1-2 and 1-4 made
a group, the fabric 1-3 made another group. 
In addition, according to the correlation analysis con-
ducted between the air permeability and thermal
resistance values of fabrics, Pearson correlation
coefficient was measured as 0.893 at 0.05 signifi-
cance level. In other words, while the air permeabili-
ty value of fabrics increases, the thermal resistance
value increases as well.
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RESULTS OF THE STANDARD MEASUREMENTS OF THE FABRICS

Fabric
code

Thermal resistance
(m2⋅K/W)

Thermal
conductivity

W/(m⋅K)

Water vapor
permeability

(g/m2⋅24h)

Air permeability
(l/m2⋅s)

Water permeability
(mbar)

N Mean Standard
deviation N Mean Standard

deviation N Mean Standard
deviation N Mean Standard

deviation N Mean Standard
deviation

1-1 4 0,008 0,001 4 0,110 0,007 4 4868 112 5 1770 148 5 10,2 0,3

1-2 4 0,009 0,001 4 0,090 0,008 4 4812 96 5 1770 57 5 6,5 0,4

1-3 4 0,003 0,001 4 0,338 0,075 4 4817 104 5 1230 27 5 7,3 0,6

1-4 4 0,008 0,001 4 0,114 0,012 4 4899 89 5 1660 129 5 9,2 0,3

Table 4
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Water permeability
According to the results of Levene Test, F = 1,431
and significance level was p = 0,271; in this case, it
was observed that distribution variances were homo-
geneous. According to the results of ANOVA,
F = 96,222 and p = 0,000. According to these results,
“H1” hypothesis was accepted; in other words, there
was a statistically significant difference between the
water permeability values of the fabrics. According to
Tukey HSD multiple comparison test, which was con-
ducted after ANOVA test, each of the fabrics 1-1, 1-2,
1-3 and 1-4 made a separate group. 
Besides these analyses, according to the correlation
analysis conducted between the water vapor perme-
ability and water permeability values of fabrics,
Pearson correlation coefficient was measured as
0.922 at 0.05 significance level. In other words, while
the water vapor permeability value of fabrics increas-
es, the water permeability value increases as well.

CONCLUSIONS
Thermal and moisture transfer properties of active-
wear fabrics must be very good in order that they can
have optimum properties. Thermal conductivity,
water vapor permeability, air permeability and water
permeability values of the fabrics, which were devel-
oped within the scope of the study, were aimed to be
high. At the end of the assessment of the measure-
ments and analysis which were conducted on the
fabrics, table 5 was generated.
It is observed that the thermal properties of the fabric
1-1, which is considered as the control group, are
higher in comparison to the other fabrics. It follows
the fabric 1-3 only in terms of thermal conductivity
value. It is assumed that this is because of the micro
holes which are available in the structure of bamboo
fiber. 
Considering the obtained results, if the fabrics should
be sorted out according to their preferability as an
active-wear fabric, the final listing is as follows. 

1) Fabric 1-1
2) Fabric 1-4
3) Fabric 1-3
4) Fabric 1-2 
As it is obvious from the results, high-comfort fabrics
can be manufactured by using cotton and Dri-
release® yarns. This combination is followed by the
fabric 1-4, which is a mix of cotton-Dri-release®-
Modal® and by the fabric 1-3, which is a mix of cot-
ton-Dri-release®- bamboo. It can be proposed that
these fabrics can be used as active-wear fabrics.
However, it was observed that the results were not as
good as expected although the fabric 1-2, which is a
mix of cotton-Dri-release®-Tencel LF®, was designed
as an active-wear fabric, and it is not recommended
to use for active-wear items. 
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Table 5

EVALUATION OF THE MEASUREMENTS

Fabric
code

Thermal
resis-
tance

Thermal
conduc-

tivity 

Water
vapor per-
meability

Air
perme -
abi lity

Water
perme-
ability 

1-1 1 2 1 1 1
1-2 1 3 1 1 4
1-3 2 1 1 2 3
1-4 1 2 1 1 2

Note: While the figure 1, which is used in the table, indicates that
the fabric provides the highest value for the mentioned property, an
increase on the figure indicates that the mentioned value lowers.
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