
INTRODUCTION

Different Standards had defined the thermal comfort
as being “that condition of mind which expresses sat-
isfaction with the thermal environment” (ISO 2005;
ASHRAE 1974). To reach the thermal comfort two
conditions must be fulfilled; a sensation of thermal
neutrality between the skin and the body’s core tem-
perature and the body’s energy balance (Häusler and
Berger, 2002). Therefore, the comfort can be defined
as ‘a pleasant state of psychological and physical
harmony between a human being and the environ-
ment’ (Das and Ishtiaque, 2004). In addition, the phys-
iological comfort and the garment role may be sum-
marized in the figure 1. In this fact, the Physiological
comfort is deeply dependent on the used garment
properties. The clothing parameters are the used
materials nature and its structure such as porosity,
the air permeability, the thermal conductivity, the
effective resistance and the thermal efficiency [6, 7].
Many several studies investigated the effect of the
garment structure on the physical and thermal prop-
erties. This paper studied the effect of the weave
structure, the fiber composition, the surface mass
and the thickness of the woven fabric on its thermal
property. The comfort of the woven structure
depends on the external climatic and the weave

structure (Saville, 1999). The effect of the weave
structure affects deeply the porosity of woven textile
fabric which leads to the variation of the thermal
property (Matusiak and Sikorski, 2011). Therefore, it
is found that plain fabrics have the highest value of
thermal resistance (Frydrych et al., 2002). Every lin-
ear structure has its special characteristic; therefore,
these properties influence the porosity which results
in decreased thermal conductivity (Varshney et al.,
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Fig. 1. The body’s thermoregulatory mechanism
(Grażyna et al., 2016)
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2010). The effect of the fiber type on the
thermal resistance properties fabrics
was studied by Afzal (Afzal et al., 2014).
Then, the effect of fibre morphology,
yarn and fabric structure on thermal
comfort properties of fabric was investi-
gated (Pac et al., 2001). Therefore,
Khoddami et al. (2009) showed that the
thermal resistance of woven fabric
increases while increasing the sample
thickness. Thus, many researches
(Havenith, 2002; Milenkovic et al.,
1999) demonstrated that heat resis-
tance increases by increasing the fabric
thickness.
The relationship between thermal prop-
erties and the textile woven structures
has been studied by several researchers
(Matusiak, 2006; Süle, 2012). It was
reported that the entrapped air layer
within fabrics was of great importance in
determining heat flux. Finally, the fabric
properties determine the thermal resis-
tance and thermal conductivity. Par
definition, the thermal conductivity
expresses the ease of conduction of
heat through a porous medium. The
heat is transmitted mainly by conduction,
in the solid phase of the fibrous materials, and by con-
duction, convection, and radiation in its fluid phase.
The flux of heat transfer is:

øT = øcond + øconv + ørad (1)

where: øcond is the conductive flux, øconv ‒ the con -
vective flux, ørad ‒ the radiative flux.
It is experimentally demonstrated the existence of
relationship between the heat flux ø and the temper-
ature gradient through a solid medium.

ø = – l grad T (2)

In this field, many models were examined and math-
ematical models given (Militky and Kremenakova,
2010; Wang et al., 2008; Eucken, 1940; Maxwell,
1954; Levy, 1981) respectively by equation (3), (4),
(5) and (6) which were put in as shown in table 1,
where:
P is the volume fraction of material 1;
Ke ‒ effective thermal conductivity;
Kp and Ks ‒ thermal conductivity with parallel

and series arrangement;
Ki and vi ‒ the thermal conductivity and vol-

ume fraction of i material;
v1 and v2 ‒ the volume fraction of materials 1

and 2;
K1 and K2 ‒ the thermal conductivity of mate-

rials 1 and 2.

MATERIALS AND METHODS

In this study, three basic textile fiber was used:
the cotton, the blend cotton–polyester and the
polyester. Then, three weaving concepts are
utilized to evaluate the effect of investigated
factors on the physical and thermal properties.

These weaves are the plain weave which consists of
yarns interlaced in an alternating fashion one over
and one under every other yarn. The second is the
twill weave which is more pliable than the first and it
has better drapability while maintaining more fabric
stability. The last pattern is the satin weave which is
a very pliable weave and is used for forming over
curved surfaces. The textile structures weaves, the
mass per area and the thickness used for this study
with their characteristics are shown in table 2.
The fabric weight and thickness values were mea-
sured according to ASTM D3776 (2011) and to ASTM
D1777-96 (2007) respectively. The measurement of
the adiathermic power is carried out with a heating
body covered with the sample to be tested as
shown in figure 2. The test environment must have a
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EFFECTIVE THERMAL CONDUCTIVITY EQUATION

Series – parallel 1

(Kp + Ks)
Ke =               (3)

2

Kp = PK1 + (1 – P)K2

K1K2Ks =                        
PK2 + (1 – P)K1

Series – parallel 2

Ke = Ks / 2 (√ 1 + 8Kp / Ks – 1) (4)

N                              N     
viKp = i =1Ki vi , Ks = 1 / i =1 
    
Ki

Maxwell Eucken
2K1 + K2 – 2 (K1 – K2) v2Ke = K1                                     (5)
2K1 + K2 + (K1 – K2) v2

Levy’s

2K1 + K2 – 2 (K1 – K2) F
Ke = K1                                    (6)

2K1 + K2 + (K1 – K2) F

2 / G – 1 + v2 – √(2 / G – 1 + v2)2 – 8v2 / G
F =                                                             

2

(K1 – K2)2

G =                              
(K1 + K2)2 + K1K2 / 2

Table 1

PROPERTIES OF THE TESTED TEXTILE FABRICS

Material Weave
Nm

(Weft)
Nm

(Warp)
Warp
count

Weft
count

Cotton (100%)

Plain 52 48 34 28

Twill 52 48 34 28

Satin 52 48 34 28

Cotton / Polyester Plain 48 50 34 28

Polyester (100%) Plain 48 50 34 28

Surface mass (g/m2)

Cotton (100%) 140 155 170 180 200

Thickness (mm)

Cotton (100%) 0,46 0,49 0,52

Table 2



perfectly controlled temperature and humidity (20 °C
± 2 °C and Relative Humidity 65% ± 2%). 

RESULTS AND DISCUSSION

Effect of constructional parameters on
adiathermic power 

In this section, the effect of weave structure, the fiber
type, the thickness and the mass area on comfort
properties are investigated. As the comfort properties
are generally related to adiathermic power, the ther-
mal resistance and thermal conductivity, these
parameters are discussed. These observed parame-
ters contributed to the thermo-physiological comfort
of the fabrics.
The adiathermic power is defined as the capacity of
the fabric to oppose the pass of the heat flux into its
structure. In this part, this thermal property was dis-
cussed. According to the experimental results, it can
be noted that different woven parameters structure
had significant effect on the adiathermic power. First,
each weave structure has a specific pattern of yarn
interlacing points between the warp and the weft. It
can be concluded from the experimental graphs that
the adiathermic power value is related to the density
of yarn interlacing points. The lower density gives
important porosity and air permeability which means
lower adiathermic power. Therefore, the plain weave
has the highest adiathermic power. This can be
explained that this weave has the maximum yarn
interlacing points between warp and weft. On the
contrary, while decreasing the yarn interlacing points
between warp and weft, the adiathermic power
decreases. This result is given by the twill and satin
weave. The figure 3 indicated that the satin weave
has the lowest value of adiathermic power, which is
understandable, because this fabric is characterized
by the lowest mass per square meter and relatively
small thickness.
It is known from the literature that the polyester fibers
indicate much lower thermal insulation than the cot-
ton fibers. This is may explained the thermal proper-
ties (the adiathermic power, the thermal resistance
and the thermal conductivity) behavior for the fabric
manufactured of 100% cotton. For the fabric consist-
ing of 100% polyester, it shows that the thermal prop-
erties are very important than each compound of

blend cotton/polyester which indicates the effect of
insulation properties of the cotton. Therefore, the ther-
mal behavior of the blend fabric (cotton/polyester) is
in relation of the percent high content of polyester
fibers in the sample as shown in figure 4. Hence, with
the higher content of cotton fibers indicates the high-
er thermal properties.
The adiathermic power increases due to increase in
mass area and fabric thickness as well as shown in
figure 5. This is explained on the fact that by increase
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Fig. 2. Experimental device of the adiathermic property
determination

Fig. 3. Variation of the adiathermic power according to
weave structure of woven fabric

Fig. 5. Variation of the adiathermic power according
to mass per area of woven fabric

Fig. 4. Variation of the adiathermic power according to
fiber composition



in fabric thickness, the fiber weight per unit area
increases. This increase in fibrous material, having a
higher thermal property than air, increases their con-
tact points with each other and influences the conve-
nient heat flow across the fabric.
The experimental results show that fabric thickness is
in direct proportion with adiathermic power of the fab-
ric as shown in figure 6. When the fabric thickness
increases, the air gaps in the fabric structure increas-
es. As the air is a good thermal insulator, therefore by
increasing fabric thickness the thermal properties
and the adiathermic power increases as well.
In the same consideration, as the fabric thick-
ness increases also the weft count (Nm) or
the higher yarn diameter increase. Hence,
increases in the adiathermic power of the
fabric.

Effect of constructional parameters on
thermal resistance and conductivity

The thermal property of woven fabrics was
deeply affected by surface properties, which
were determined by geometric structure. This
geometry was given by the weaving tech-
nique, the yarn properties (composition, size,
twist and diameter), weft count and warp
density. This property was discussed as the
thermal conduction resistance RCD and the
thermal conductivity. The thermal resistance
of a fabric refers to its ability to resist the heat
flow through it. The lower the thermal resis-
tance, the better will be the comfort for hot cli-
matic conditions. The thermal conductivity
was defined as the measure of conducted
heat pass though unit thickness under 1°C
heat difference. These two factors were dis-
cussed as function of the weave type, the
fiber composition, the surface mass and the
thickness of woven fabric.
First, the plain weave has many intersections
which make this weave very denser and
stiffer. Contrarily, the twill weave has less
intersections and the satin has important

floats which create a shiny surface. These weave
properties provide the highest value of thermal con-
ductivity and the lowest thermal resistance for the
plain weave. While increasing the yarn float, the ther-
mal resistance increases and thermal conductivity
decreases. The variation of these properties was due
to bigger pores in the fabric which helps getting more
air entrapped into the fabric structure. This more
quantity of air will be trapped into the structure and
play important role in the variation of these thermal
properties. 
Second, the fiber composition had important effect on
thermal resistance and conductivity. Hence, the ther-
mal conductivity of woven polyester fabric was slight-
ly lower than cotton and blend cotton/polyester fabric.
Materials with a lower thermal conductivity have
higher resistance to heat flux. This result can be
explained by the yarn structure of cotton composi-
tion. In third part, the increase of the mass area of
woven fabric generates the incrementing of the ther-
mal conduction resistance and the decrease of the
thermal conductivity which is explained by the
entrapped air in the woven structure. Therefore, the
increase of the woven surface area leads to increase
of air in the structure. Hence, air has important insu-
lation property, there are its increase in the structure
leads to lower thermal conductivity and the highest
thermal resistance as shown in table 3. 
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Fig. 6. Variation of the adiathermic power according
to thickness of woven fabric

EXPERIMENTAL PROCEDURE PARAMETERS

RCV

(m2.K/W)

RCD

(m2.K/W)
TC

(W/K.m)

Woven structure

Plain 5.74 0.6 0.029

Twill 5.74 0.8 0.027

Satin 5.74 0.96 0.024

Fiber nature

Cotton 5.74 0.6 0.032

Co/PES 5.74 0.86 0.029

PES 5.74 0.93 0.026

Surface mass
(g/m2)

140 5.74 0.62 0.195

155 5.74 0.84 0.189

170 5.74 0.91 0.183

185 5.74 0.97 0.18

200 5.74 1.08 0.178

Thickness(mm)

0,46 5.74 0.86 0.034

0,48 5.74 0.883 0.031

0,5 5.74 0.92 0.029

0,52 5.74 0.957 0.026

Legend:
Thermal convection resistance: RCV
Thermal conduction resistance: RCD

Thermal conductivity: TC
Cotton/ Polyester: Co/ PES

Table 3



Finally, these same results of thermal properties
obtained in the case of the variation of the surface
mass are valid and confirmed in the case of the vari-
ation of the woven thickness and explained by the
entrapped air in the textile structure.

CONCLUSIONS

To obtain an acceptable satisfaction and physiologi-
cal comfort it is obligatory to analyze the impact of
various fabric parameters on their thermal properties.
This research showed that the fabric manufactured
with the plain weave and each having the important
mass per square and the thickness presents the best
thermal properties. These properties decrease for

samples presenting the highest porosity and impor-
tant polyester fiber composition which are known to
have low thermal insulation. However, the analysis of
physical parameters of fabrics shows that the woven
textile fabric having the plain weave, the highest
mass per area and the thickness had the important
adiathermic power and the lowest thermal resistance
and thermal conductivity. 
Thus, theses thermal properties are deeply related to
the air permeability and fabric porosity. This is due to
the increase or decrease in the structure in contact
point and yarn density. In second part, the variation in
air gap results in improved thermal properties.
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