
1.  Introduction

Thermal and moisture management properties of fabrics are 
fundamental factor for determining not only the comfort but 
also the performance of useful clothing like active wear and 
sportswear [1]. The zone in which the temperature, moisture 
and air circulation are properly matched which has called the 
“comfort zone''. It also called as microclimate that which 
prevailed physical and physiological condition [2]. 
Microclimate is next to skin i t  helps to body's 
thermoregulatory system, even external environment has 
been change. 

There are three most basic factors considered from comfort 
point of view they are temperature, moisture and air 
circulation. Human body represents a low efficient, thermal 
machine. Cooling of human body by means of sweat 
evaporation, it is the only natural means to take away the 
excess of heat from the body to maintain the thermal comfort 
of the wearer. Hence, comfort refers to the way clothing 
interact with the body, with respect to dissipation of heat and 
moisture generated by the metabolic process. The most 
efficient sweating occurs when all the generated sweat 
evaporates and the vapour passes through the enough 
permeable garment system into the relative dry air outside of 
body [3]. In normal environmental condition, also 
evaporation of heat takes place. This evaporation is in the 
form of invisible perspiration through the skin.

The perspiration of human body is in two forms – insensible 
(in vapour form) and sensible (in liquid form). Hence, 
clothing should be performing efficient removal of 
evaporated heat and liquid from skin this is by means of 
water vapour transmission, air circulation and wicking.  The 
t r a n s m i s s i o n  o f  M V T R  t a k e n  b y  a b s o r p t i o n 
–transition–desorption mostly found in hygroscopic material 

it is mainly depend upon type of raw material used and fabric 
parameter.

This experimental work is concentrated on the effect of 
elastic content and fabric structural parameter (stitch length) 
on moisture vapour transmission, air permeability and 
wicking behaviour of knits. In present study, polyester and 
polyester/Lycraair covered yarn (ACY) has chosen, because, 
it is commonly used in the knit garment. Here 100% 
polyester yarn fabric shows higher MVTR, Air permeability 
and wicking behaviour of knitted fabric,but in 50 % polyester 
-50% ACY and 100 % ACY graph shows decline trend.

2. Materials and Methods

2.1 Materials
Textured polyester and Air covered polyester/lycra (ACY) 
used to manufacture the fabric. 

Table 1- Details of raw material used

2.2  Method

2.2.1  Design of Experiment

Taugachi method was used to study the main effect of blend 
% and stitch length on the fabric properties.With 2 factors 
(raw material and stitch length) having 3 levels each, 32 
factorialexperiment were designed using Taguchi.  There 
were total nine runs and accordingly nine different fabric 
samples produced on knitting machine. Sample numbers and 
their each parameter specifications shown in table 1 and 2.
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Raw Material 
Count 

(Denier) 
Tenacity 
(gf/tex) 

Number of 
Filament 

Textured 
polyester 

80D 30.40 71 

Air covered 
Polyester / lycra 
yarn (ACY) 

85D 10.33 34 
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Table 2 - Factors and levels for production of weft knitted 
fabric

Table 3 - Fabric Production plan

2.2.1  Fabric Manufacturing

Fabric produced on the single jersey weft-knitting machine 
with specification shown in table 4. After manufacturing, 
fabrics tested for thermal properties.

Table 4 - Details of weft knitting machine

3.  Results and Discussion

After manufacturing the fabric samples as per the Taguchi 
design, samples evaluated for different properties and results 
tabulated in table 4

3.1  Effect on WPI and CPI

Effect of yarn type used and stitch length on wale and course 
density was as shown in figure 1 and 2. Elastane fibre shows 
rubber like behaviour and is highly stretchable [4]. Feeding 
of the Lycra yarn to knitting machine results in yarn 
extension which in turn generates tension, and as the knitted 
loops leave the needles the spacing of courses and wales 
decrease and the fabric shrinks in both directions thus 
affecting the properties of knitted fabric. Hence, maximum 
wales as well as course density were observed for fabrics 
knitted with lycra. Whereas there is reduction in wale and 
course density with reduction in lycra content. WPI and CPI 
increase as lycra content increases this is only because of 
elastic nature of lycra where as in case it remain un effected 
for different stitch length.

Factor Type Levels Values  

Blend % Fixed 3 

· 100%Polyester 
· 50% Polyester & 50% 

Polyester/lycra ACY 
· 100 % Polyester/lycra 

ACY 

Stitch   
length 

Fixed 3 
2.2 
2.4 
2.6 

Sample 
no. 

Material 
Stitch 
length 
(mm) 

S1 100 %  Polyester 2.2 

S2 
50% Polyester & 50% 
Polyester/lycra ACY 

2.2 

S3 100 % Polyester/lycraACY 2.2 

S4 100 %  Polyester 2.4 

S5 
50% polyester & 50% 
Polyester/lycraACY 

2.4 

S6 100 % Polyester/lycraACY 2.4 

S7 100 % Polyester 2.6 

S8 
50% polyester & 50% 
Polyester/lycra ACY 

2.6 

S9 100 % Polyester/lycraACY 2.6 

Machine 
Type 

Model 
Gauge 

Needle\inch 
Diameter 

(inch) 

Machine 
Speed 
(rpm) 

Single 
Jersey 

(Circular) 

Mayer 
& Cie 

24 34 30 

Figure 1- Effects on WPI

Table 5 - Dimensional and Thermal properties of weft knitted fabrics 

Sample 
No. 

WPI 
(inch) 

CPI 
(inch) 

GSM 
(gm/m) 

Thickness 
(mm) 

MVTR 
(g/m2/h) 

Air Permeability 
(cm3/cm2/sec) 

Wicking(cm) 

Wale Course 
S1 48 64 87.72 0.49 1327.90 238.6 6.32 3.46 
S2 57 80 144.16 0.66 1203.80 66.91 3.05 2.5 
S3 62 88 198.4 0.68 1156.28 31.082 1.03 0.93 
S4 52 54 82.2 0.51 1274.01 216.6 5.6 4.51 
S5 52 72 135.28 0.69 1185.65 78.04 1.92 2.8 
S6 56 88 180 0.73 1154.43 35.53 1.07 1.41 
S7 54 43 61.6 0.48 1425.70 253 5.26 5.15 
S8 52 86 122.48 0.70 1350.60 91.02 1.81 2.23 
S9 58 86 190.4 0.75 1180.01 37.98 0.4 1.1 

 

Figure 2 - Effects on CPI
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3.2 Effect on Thickness of Fabric 

From figure 3, it can easily see that there is reduction in 
thickness from 100 % polyester/lycra ACY, 50% polyester & 
50% polyester/lycra ACY and 100 % polyester respectively. 
This change in thickness is due to lycra content in fabric. The 
amount of lycra increases, loop length value remain nearly 
the same but course and wale spacing decreases and loops per 
square area (loop density) increases. This increased density 
level more than the theoretical jamming condition, which 
results in increase in the fabric thickness [6].

Figure 3 - Effects on thickness

3.3 Effect on GSM of Fabric

There is significant effect of type of yarn used for making 
fabric in case of GSM of Fabric. Because amount of lycra 
percentage in first fabric is higher than other two fabric. 
Higher the lycra percentage lesser the loop spacing with 
constant stitch length. Increasing elastane yarn gives 
increase in wales per inch and course per inch and amount of 
fibre per unit area increased. This is effects on increasing in 
gram per square meter. However, no significant effect 
observed in GSM with variation in stitch length of fabric.

Figure 4 - Effect on GSM of fabric

3.4 Effect on Air Permeability of Fabric

Air permeability of 100% Polyester, 50% polyester & 50% 
polyester/lycra ACY, 100% polyester/lycra ACY is shown in 
figure 5. Air permeability described as the rate of airflow 
through a known area under a prescribed air pressure 
differential between the two surfaces of material. Airflow 
through is mainly affected on textiles by the pore 
characteristics of the fabric [1].

Comparison of lycra containing fabric with polyester/lycra 
blend and polyester fabric, shows that fabrics become less 
permeable to air as the thickness is increased.The thickness 
and mass per square meter of fabric shows very high because 
of increasing in the loop density. Elastane fibre is mainly 
responsible for increase in course and wales density. This 
increase in course and wales density ultimately is increasing 
in mass per square meter and thickness of fabric. This all 
factor govern on reduction in air permeability. However, the 
stitch length is not having any significant effect on air 
permeability of fabric.
3.5 Effect on MVTR

Water vapour transmission mainly governed by fibre is used. 
According to Wehner, Miller and Rebenfeld the moisture 
vapour transmission during the transient stage is higher in 
case of hygroscopic material due to the combined effect of 
diffusion and absorption desorption [6].

Figure 6 shows significant difference in type of yarn used in 
fabric. Here only polyester containing knit fabric shows 
higher MVTR value this only because of loop density of 
fabric. Decrease in loop density with increasing air 
permeability can attribute to decreasing thickness of fabric, 
as result higher is the MVTR.

Figure 6 - Effects on MVTR of fabric

Water vapour transmission takes place through diffusion of 
vapour through the fibre and pores in the fabric. Higher 
MVTR shows highest cooling effect of 100% polyester 
fabric because more moisture adhesion to this material [7, 3]. 
However, stitch length is not shows more effect on the 
moisture vapour transmission rate.

3.6 Effect on Course and wales wise wicking

Wickability is the ability to sustain capillary flow. When the 
forces of adhesion between the liquid and the tube are greater 
than the force of cohesion, wicking between the molecules of 
the liquid, then capillary motion occurs. Wicking in fabrics 
may occur in range of condition and situation [5].

The wicking behaviour of different yarn type and stitch 
length of knitted fabric has shown in figure. Statistical 
analysis of test result shows that the wicking behaviour of 
knitted fabric varies significantly with type of yarn used but 
there is no significant effect of stitch length on course wise 
and wales wise direction. 

Figure 5 - Effects on air permeability of fabric
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Figure 8 - Effects on wicking wales

Above graphs (figure 7 and figure 8) shows that lycra content 
fabric shows less wicking and polyester content fabric shows 
highest wicking behaviour. In both wales and course case 
change in raw material shows significant effect in wicking of 
fabric. This is because Lycra knit fabric shows higher mass 
per square meter than polyester fabric. Increasing GSM 
result in to undesirable roughness and causing hindrance for 
capillary action that equally contribute to the reduction of the 
capillary action in yarn [9].

 From  theoretical  point of view,  It  may  be  assumed  that  
in  fabric  a  large  number  of  small  capillaries  are  joined  
by  large  number  of  mini  reservoirs  which  act  as source  
of  liquid  for  these  small  capillaries. Capillary force is 
considerably higher than the gravitational force. However, 
later with time, gravitational force dominates the capillary 
force and rate tends to fall down. The wicking stops when the 
gravitational force and capillary force tend to be in 
equilibrium [4, 9].

4. Conclusion

It is concluded from the study that the increase in lycra % in 

the fabric shows increase in loop density,thickness and GSM, 

but decreasing trend for MVTR,air permeability and wicking 

for 100% polyester, 50% polyester & 50% polyester/lycra 

ACY and 100 % polyester/lycra ACY yarn.On other hand 

stitch length shows non-significant effect for all the 

properties.

Figure 7 - Effect on wicking course
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