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ABSTRACT

The human body faces various external conditions in the sequent seasons, where some of these changesimake the
wearer uncomfortable. It has been shown that human thermal gdmfort depends on thetcombinations of clothing,
climate, and physical activity. Consequently, thermal comfortican be defined as the achievement of thermal
equilibrium in hot or cold climates. It should be noted that, the total heat loss from'skinis made up of two parts, the
heat loss by evaporation and the heat loss by conductiensconvection and radiation. This study was concerned with
the study of the thermal conductivity of some selected blended, fabrics whieh are madefef PET/cellulosic fibers as an
indication to thermal comfort of blended sdmmer clothing. The results revealed that flax has the most thermal

conductivity, followed by cotton and rayon respectively.
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I INTRODUCTIQGN

Many reports proved that the efficiency of the human being is affected by the physiological comfort,the human body
is affected by various externalconditionsingthe winter and summer seasons. These external conditions can include
changdes in ambient temperature, \apour {pressure, air velocity, and clothing insulation, among other factors that
affect skin temperature [1] .

Comfort is defined aecording“to Merriam-Webster dictionary as a condition or feeling of pleasurable ease, well-
being, and contentment. ¥EbiS is a very complex mix of different very subjective sensations [2]. Moreover,
perception of comfort is/also concerned with human perception of clothing comfort which is an interaction between
physical, physiological and psychological factors with the surrounding environment when wearing a garment in
addition to the physiological comfort. The latter is defined as the achievement of thermal equilibrium at normal
body temperature with the minimum amount of bodily regulation. Granted this condition is achieved the human
body remains in a state of thermal equilibrium with its environment where it loses heat at exactly the same rate as it
gains heat. Mathematically the relationship between the heat production and heat loss can be calculated by the heat

balance equation as follows:
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Heat production = Heat loss [3]

There are factors influencing thermal comfort for clothing where the function of clothing is to support the
thermoregulation of human body. If the environmental temperature is low, the clothing has to prevent a too large
heat release and on the other hand, if the temperature is high, the heat and moisture transport through the garment
should be as high as possible to avoid heat stress problems for the body [2].

There are three aspects of clothing comfort which is related to subjective perception of various sensations.

These aspects of clothing comfort can be listed in the following main points;

1. Thermal comfort: attainment of a comfortable thermal and wetness state; it ifvolves transport of heat and
moisture through fabric.

2. Sensorial comfort: the elicitation of various sensations when a textile comeS‘into'contact with'skin.

3. Body movement comfort: ability of a textile to allow freedom of mevement, reduceddurden, and body shaping,
as required [3].

“He a tari be defined as a name given to the particular form/of energy crossing the boundary. However, heat is
more usually referred to in thermodynamicst h r o u g h 't i, e tewhich is tohsstent witht the abihitg df e r "
heat to raise or lower the energy within a system [4].

Heat transfer mechanisms in porous textiles incldde“conduction by the solid material of fibers, conduction by
intervening air, radiation, and convection. where the heat energy produced Bygmetabolism equals the rate of heat
transferred from the body [1][4].

Il TYPES OF HEAT TRANSFER

2.1 Convection Heat Transfer
A very common method of removing, water’fromtextiles is convective drying [5]. Convection is a mode of heat

transfer that takes'place,as a result of metion within a fluid [4].

2.2 Conduction Heat Transfer
Conduction depends on the transferiof energy from one molecule to another within the heat transfer medium and, in
this sense, thermal eonduction s,analogous to electrical current [4]. In this system the effective thermal conductivity

and moisture transfer characteristics of cloth are greatly related to the comfort of clothes [6].

2.3 Radiation Heat Transfer

The third mode of heat transfer, radiation, does not depend on any medium for its transmission. In fact, it takes place

most freely when there is a perfect vacuum between the emitter and the receiver of such energy [4].

All textile materials have different thermal properties where the most important thermal property of a textile fiber or
filament is the temperature at which it may soften and begin to melt. This temperature is a relative measure of the
fiber’s heat resistance. 't i ndi c a precessedtdwing firtisking, pressednp e r

during garment manufacture, hot laundered, ironed and/ or pressed after dry clearing. However, no satisfactory
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explanation can illustrate the relation between fiber structure and thermal transmission in fabrics [7]. So the aim of the
present work is studying the relation between the morphology, structure of cellulosic fibers and their thermal

transmission in cellulosic/ polyester blended fabrics.

111 MATERIALS AND METHODS

To compare the effect of selected fabric materials on thermal transmission of fabrics, 3 samples were chosen as listed in

Table (1). For all samples the warp densities were set to 72 warps/cm and fiber materialdvas PET while the weft densities

were 36 picks/cm, all fabrics were woven by a (plain 1/1) weave.

Table (1) The specifications of produce

Specifications of fabric
Sample Warp fiber type Weft fiber type | Warp ave type
no.
Q) PET Flax Plain 1/1
2 PET Cotton Plain 1/1
3) PET Rayon Plain 1/1

All samples were tested on Tog-meter according t est Method for Thermal Transmittance of

Textile Materials [8].
IV RESULTS AND DISCU

Results of thermal transmission measurem rated in"Fig. (1)

Thermal conductivety of fabrics(Tog)

1.2

1.15

11

1.05

0.95

0.9

0.85

PET/flax

PET/cotton

PET/rayon

Fig. (1) Thermal Conductivity of Fabrics
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At first it has to be noted that the difference of thermal transmission for the tested PET blended fabrics depends on
the transfer of energy from one molecule to another within the heat transfer medium. But there is no convection
taking place because the moisture could be kept stationary. In this sense, thermal conduction is analogous to
electrical conduction and it depends on physical properties of the particular solid. This can be explained by the
morphology and degree of polymerization of fibers which are used in weft. On the other hand, the warp is PET for
all samples, thus its effect can be regarded as neutral and can be safely excluded as a variable from this study. As
illustrated in Fig. (2) the cross section of flax is more uniform than cotton and rayon fibers. So the conduction

surface of flax is larger than cotton and rayon respectively. This causes the highest'conductivity of flax between

fibers within the yarn. The regular geometric walls of the flax leads to a bettéF contact surface within the yarns

leading to an relatively uninterrupted thermal conduction system when cg d to the lessiegular, systems of

cotton and rayon.

Cotton

ig. (2) The Cross Sec of Cellulosic Fibers.

Moreover, the polymer system o \fla e_crystalline than that of cotton because of its longer polymers.

Accordingly, the flaxgfibers have maore an cotton which has about 65 to 70 per cent crystalline
t amorphgus. On the other hand, the rayon polymer system is very
crystalline and about 60-65 per cent amorphous.[7]The highly oriented
= formation of fewer voids between molecules in the aforementioned
petter efficiency of the heat conduction in heat transfer medium when
r systems of cotton and rayon .Accordingly, in cotton fibers the crystalline
region is less tha N the decrease of heat conductivity when compared to flax. On the other hand the
rayon fibers have the orphous region. This means its molecules are distributed randomly and it has more
voids between its molecules. As a result, the conductivity of flax is better than cotton and rayon fibers. Finally, this
leads to the conclusion that the thermal comfort of blended fabrics of polyester / flax fibers is better than both

blended polyester / cotton and rayon fabrics respectively.
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V CONCLUSION

In this study three plain 1/1 samples were weaved where all the warp yarns were made of 100% PET fibers, whereas
flax, cotton, and rayon were used as weft yarns respectively for each sample in combination to the aforementioned
100% PET warp yarns.

The results can be summarized as follows:

1. Thermal conduction is analogous to electrical current and in that sense it depends on physical properties of

the fibers such as the morphology and degree of polymerization of fibers.

2. The uniformity of the fiber cross section proved to play an important role in thermal conduction as
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