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Abstract

Physical properties of fabric basically depend on fabric cover and porosity. Other fabric parameters that influence the air
transmittance of a fabric are type of stitches used, type of yarn, linear density, twist factor in the yarn, stitch density,
thickness, tightness factor and fractional cover of fabric and moisture content which has a circuitous effect on those
parameters. Many researchers had already derived so many relationships among those parameters and the fabrics
properties. But, air transmittance rate may influence other comfort properties of the fabric. Our investigation shows the
relationship of different parameters which can alter the transmittance of air through the plain knitted fabric. Here, a little
change in the structure can alter the air transmittance which has been represented graphically.
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INTRODUCTION

Air flow through textiles is mainly affected by
the pore characteristics of fabrics which is a function of
fabric geometry and depends on the yarn diameter,
surface formation techniques, and stitch density [1, 2].
Again three factors, namely cross-sectional area, depth
of pore or thickness of the fabrics and number of pore
per unit area or course and wales per unit area are
related to pores in knitted fabrics [3].

The air exchange through clothing is highly
influenced by the air transmittance of the fabric. The air
permeability or transmittance of a fabric is the volume
of air measured in cubic centimeters passed per second
through 1 cm? of the fabric at a pressure of 1 cm of
water [4]. The air transmittance of fabric is closely
linked to its structure. Many researchers have dealt with
the possibility to predict the value of the permeability of
woven fabrics based on their structural parameters [5].
But only few researchers have investigated the
parameters linked with the air transmittance of the weft
knitted fabrics. The aim of this paper is to investigate
the alteration of air transmittance of plain weft knitted
fabrics (single jersey, single lacoste, double pique) for
different parameters. The parameters which were
characterized for this investigation were porosity, stitch
density, thickness, areal density, count, loop length and

moisture content of the fabric. Fabric porosity depends
on different fabric parameters and relaxation
progression. A theoretical model was used to predict the
porosity of a knitted structure in our research work [6].
Benltoufa’s as well as Dias and Delkumburewatte’s
porosity equation and Karaguzel’s pore radius equation
measurement was applied for the prediction [7-9].
Though moisture content is not considered as a part of
basic fabric it can influence the other, which properties
of the structure ultimately can alter the air transmittance
from the structure. But it is a complex issue to define
the dominance of moisture content on the other
properties [10]. Many researchers have investigated
that thickness and areal density of fabric have direct
relationship with the air transmittance of the structure
[11,12].

Physical and mechanical properties of textiles
are determined primarily by their structure. Air
permeability or transmittance as a physical property of
fabric has a decisive influence on utilization of fabric
for some technical applications (filters, parachutes, and
sails) and clothing application as well [13].

In this investigation, we tried to find out the
better relationship of different fabrics’ parameters of
plain weft knitted fabrics (single jersey, single lacoste
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and double pique) with the air transmittance to realize
the reasons behind the change.

EXPERIMENTAL MATERAILS AND

METHOD
Materials

For the investigation we have selected 100%
cotton weft knitted fabric of single jersey, single
lacoste and double pique which were manufactured
from ‘P. N .Composite” [14]. Specification of the
single jersey was (CPCmx WPCm= 21x14, 19x11,
20x13); single lacoste was (22x9, 35x11, 35x11) and
double pique was (23x8, 38x11, 39x10). Fibre
identification test (Chemical test: 75% sulfuric acid
solution) for the verification of the sample composition
carried out in the chemistry lab of Bangladesh
University of Business and Technology (BUBT, Dhaka,
Bangladesh, 2016). These samples were immersed in a
solution of water and wetting agents 5g/litre at 50°C for
30 minutes and then dried on a flat surface in an
unconditioned atmosphere for 24 hours.

Machines and Instruments

The areal density of the fabric was measured
directly by the GSM cutter, stitch density was
calculated from the CPCm and WPCm. The CPCm and
WPCm were counted by the counting glass. Loop
length was calculated manually in thetesting lab of
BUBT, Dhaka, Bangladesh. Thickness was calculated
by the automatic thickness tester. The Benltoufa’s

d21 .
formula (1 —th) and Dias and Delkumburewatte’s
TIx10~5

formula [(1 weep

the porosity of the plain weft knitted fabric and
w] was used to measure
p1057tS

the pore radius of the plain weft knitted fabric [7-9].
Count was measured from the Beesley’s Balance MAG
- C 1101 directly. Moisture content was calculated by
the formula using the sample weight and oven dry
weight. For the weight electric balance, Model PAG
213 is used. To obtain the oven dried sample we use the
drier machine of Model: MGH -030. To measure the air
transmittance of the fabric we use MAG - C 2851 air
permeability tester. All calculation is summarized in
tables 1-2.

) %X 100%] were used to measure

Karaguzel’s formula [

METHODS

Air permeability is usually measured as the
volume of air that flows in unit time through unit area
under unit pressure difference [15]. The air
permeability of the treated sample was measured
according to 1S 11056 [16]. Areal density (GSM) was
measured following the direction of ASTM D 3776
[17]. ASTM D1777 method was followed to measure
the thickness of the samples [18]. Stitch length and
linear density of the fabrics are determined by the TSE -
TS EN 14970 method [19]. WPCm (wales per
centimeter) and CPCm (courses per centimeter) was

calculated using the method of TSE - TS EN 14971
[20]. Moisture content of the sample was measured
from the difference in total fabric weight and oven dry
weight according to ASTM D 1909 [21].

RESULTS AND DISCUSSION
Effects of porosity on air transmittance

Porosity is the ratio of the total amount of void
space in a material to the bulk volume occupied by the
material [22]. The porosity of fabric influences the
physical  properties say-bulk density, moisture
absorbency, mass transfer and thermal conductivity [8].
Three factors are related to the pores in knitted fabric
such as cross-sectional area of each pore, depth of each
pore or the thickness of the fabric and the number of
pore per unit area or the number of courses and wales
per unit area [23]. For the experimental investigation
we have used three types of plain weft knitted fabrics:
single jersey, single lacoste and double pique. We have
characterized three samples of each type of fabric.
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Fig-2: Air transmittance of plain knitted fabric (Single jersey,
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After analyzing the data of the experiment we
have found that a very small change in the percentage
of the porosity of fabric makes a massive variation in
the air transmittance (cc/cm? /sec) of the fabric. It has
been analyzed from the data (table-1) that if porosity of
fabrics increased, air transmittance will also be
increased. But, we have found some slight change in the
porosity and pore radius calculation that affect the air
transmittance in a little different angle. From our
investigation we have found that the relationship
between porosity percentage and air transmittance
cannot be clearly defined for single jersey, whereas the
double pique and single lacoste, have proportional
relationship  (fig.1-3).  According to  porosity
measurement, more porous structure shows more air
transmittance. Dias and Delkumburewatte and
Karaguzel model shows diversion from Benltoufa
porous model as they consider the fiber density and
yarn count. More moisture content  present in the
samples may have changed the air transmittance here.
So, we can conclude that whether the porosity or pore
radius is increased or decreased, if other factor like
moisture content cannot be controlled, air transmittance
will be influenced (fig. 1-3).

Effects of thickness on air transmittance

The thickness of the fabric is dependent on its
mass per unit area, the type of yarns used, the knitted
structure and the finish [24]. Fabric thickness test is
used to measure the thermal insulation, vapor
transmission, stiffness, resilience, abrasion, stability etc.
of the fabric [25]. After analyzing the data (table-2) it
has been observed that the relationship between the
thickness and air transmittance of single jersey is
inversely proportional. Graphical presentation shows
the result of the experiment (fig. 4). On the contrary,
single lacoste and double pique indicate that other
parameters influence air transmittance and is not
directly related to the fabric thickness alone. It is just a
single factor that will affect the air transmittance if and
only if other parameters are completely unchanged. For
less number of samples this relation may have been
imprecise.
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Fig-4: Effect of thickness on air transmittance

Effects of areal density on air transmittance
The air transmittance of fabric depends on the
shape and value of the pores and the inter-thread

channels, which are dependent on the structural
parameters of the fabric [26]. The effects of knit
structures on the air transmittance of fabric have been
analyzed by Ceken [27] and Kavusturan [28]. As areal
density represents the combined changes of CPCm,
WPCm, stitch length, yarn fineness or coarseness and
finishing treatments, we have found an inverse
relationship between the air transmittance and areal
density for both single lacoste and double pique from
our experiment (table-2). But, due to the presence of
excess of moisture content in one sample of single
jersey this relation may have been slightly diversed (fig.
5).
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Fig-5: Effects of areal density on air transmittance

Effects of stitch density (cm?) on air transmittance

Due to the three-dimensional curved shape of
the loop, knitted structures are generally more porous
and extensible than other textile structure [29]. Loose
knitted structure is more permeable to air owing to their
lower density [30]. Increase in stitch density reduces
the porous area in the fabric construction. This
proportional relationship is clearly found from the
experiment for single jersey. But single lacoste and
double pique have showed the effect of other
parameters on air transmittance like moisture content
and areal density as it does not represent the effect of
other changes in the fabric construction (fig-6).
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Fig-6: Effects of stitch density (cm?) on air transmittance

Effect of tightness factor and fractional cover on the
air transmittance

It is clearly found that tightness factor and
fractional cover shows clear relation with the air
permeability as they both represent the pore per unit
area. Single lacoste and double pique shows inverse
relation with air permeability except single jersey as it
shows similar variation in relation with other
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parameters. So, it is clear that porosity, tightness factor
and fractional cover all are related to the air
permeability in the same way and found as substitution
of each other in relation with air transmittance (table-2).

Effects of moisture content (%) on air transmittance

Less number of samples does not give us an
idea clearly about the effect of change of moisture
content (%) on air transmittance. The result of our
experiment made us confused to prepare a conclusion
on this parameter. But if we analyze it as a whole, we
will perceive that all models or relationship does not
represent the moisture content as it is not a part of the
basic fabric. But, moisture content has a clear effect that
it may have blocked the porosity or pore radius of the
fabric calculated by the various models. If moisture is
entrapped in the pore radius highly, it shows less air
transmittance which was not clearly revealed in this
experiment. Further experiment needs to be done in this
regard (table-5).

CONCLUSIONS

For decades, many researchers tried to
represent many theories and models on fabric air
transmittance for both knit and woven. Research results
show that the transmittance of air could be varied on

different parameters. We have considered different
theories and models to summarize the relationship
between air transmittance and fabric construction. Here,
Moisture content to be the major factor that altered the
theoretical relationship among those parameters.
Decisive influence on the parameters which can alter
the transmittance significantly for their minute
alteration may have found. After analyzing the data it
has been explored that porosity, pore radius, yarn
diameter, CPCm, WPCm, fabric thickness, areal
density, tightness factors and fractional cover have
direct relationship with air transmittance. On the other
hand, testing environment and fiber properties have
great influence on the results and proved to be a major
factor that had not been considered in this research.
These factors should be considered in porosity or air
transmittance model for plain knitted fabric geometry.
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Table 1: Porosity Vs air Transmittance for different plain weft knitted fabrics

Type of Sl. Porosity Pore Radius Porosity (Dias and Air transmittance Moisture
Fabrics No. (Benltoufa) (Karaguzel) Delkumburewatte) (cc/em?/sec) Content (%)
1 98.8817% 0.100126663 99.99991435% 2715 6.79
Single Jersey 2 98.6743% 0.106777536 99.99989836% 163.2 6.51
3 99.5433% 0.122463917 99.99996502% 155.5 8.65
Single 1 99.4781% 0.125794759 99.99996003% 177.5 8.7
L acoste 2 99.0732% 0.086005421 99.99992894% 163.9 6.48
3 99.0147% 0.086091055 99.99993014% 133.1 7.59
1 99.3913% 0.130485236 99.99995339% 2075 7.69
Double Pique 2 99.2221% 0.082597614 99.99994042% 181.9 7.27
3 99.0634% 0.085658509 99.99993359% 143.1 8.62

Table 2: Air transmittance Vs Tightness factor and Fractional Cover of different plain weft knitted fabrics.

Type of SI. | Thickness Area}l Stitch Density Tightness | Fractional Al.r Moisture
Fabrics No. (cm) Density (CPCm x factor Cover Transmltgance Content
(GSM) WPCm) (cc/em®/s) (%)
1 0.0144 140 294 1.58 0.38 2775 6.79
Single Jersey 2 0.0147 165 260 1.64 0.35 163.2 6.51
3 0.062 146 209 1.27 0.34 155.5 8.65
1 0.072 166 198 1.01 0.40 1775 8.7
Single Lacoste 2 0.0142 200 385 1.64 0.52 163.9 6.48
3 0.015 210 385 1.77 0.54 133.1 7.59
1 0.077 175 184 0.87 0.44 207.5 7.69
Double Pique 2 0.013 200 418 1.77 0.48 181.9 7.27
3 0.015 220 390 1.83 0.53 143.1 8.62
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