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ABSTRACT 
In this article, the effect of weave pattern on fabric 
wicking was analyzed. Weaves are distributed into 
two groups, i.e. weaves, the floats of which are 
distributed in even intervals throughout the entire 
surface of fabric, and horizontally striped weaves. 
The wickability properties of all tested fabrics are 
determined using a newly developed electronic 
vertical wicking tester. It was determined that the 
results of wicking horizontally striped fabrics were 
higher than those of weaves with evenly distributed 
floats. Washburn’s equation obeyed quite well when 
the time constant is near 0.5.  In fact, the time 
constant for plain and fancy twill weave were 
exponentially lower than those of other fabrics.  This 
can be considered a measure of fabric rigidity.  
 
Keywords: electronic vertical wicking, integrated 
fabric structure factor, wickability. 
 
INTRODUCTION 
Clothing has an important role in keeping the body 
comfortable by removing sweat. The flow of liquid in 
fiber assemblies, such as yarn and fabric, happens 
because of capillary forces [1].In the field of liquid 
sorption in a porous area, Washburn [2] has 
expressed the following equation: 
 

h = a.t0.5      (1) 
 
where h is the wicking height (m): a, the capillary 
liquid transport constant and t, wicking time(s). 
Laughlin showed the need of correction in the 
exponent term in Eq. (1) and many researchers 
suggested that the exponent should be lower than 0.5.  
Hence, Laughlin generalized the Washburn’s 
equation into the following form:  
 

h = a.tk      (2) 
 
where k may have values lower than 0.5 for different 
types of fabrics. Eq. (1) shows that the capillary force 
causes the progress of liquid through a capillary

 
channel. This capillary force depends on the radius of 
capillary channel and the contact angle between 
liquid and capillary channel as well as rheological 
properties of the liquid. Eq. (1) is used to interpret 
wicking behavior of textiles [3].  A variety of 
techniques and methods are used to study 
experimentally the liquid penetration into fabrics. 
 
The first technique used consists of observing and 
measuring the liquid rise in textile structure by using 
a colored liquid [4, 5]. Perwuelz et al. [6] developed 
another method based on the analysis of CCD images 
taken during the capillary rise of colored liquid in 
yarns structure. The results obtained by image 
analysis technique depend on the resolution, the 
quality of images and the light source. Furthermore, 
the kinetics of water can be more important than 
those of dye and the diffusion coefficient found by 
this method presents the value of the diffusion 
coefficient of the dye, not that of the liquid. 
Moreover, the addition of the dye changes the surface 
tension of the liquid and modifies its velocity. Hsieh 
et al. [7, 8] and Pezron [9] in their studies used a 
balance to measure the impregnation liquid mass 
variation in the solid structure. This method is unable 
to determine the equilibrium height and the quantity 
of liquid absorbed by the textile at different heights.  
 
Another method consists of measuring water 
transport along textile fibers by an electrical 
capacitance [10, 11]. This technique consists of the 
construction of an apparatus with a specially 
designed electrical amplifier circuit and condenser 
electrodes, between which sample fibers are set. This 
method is unable to determine the liquid content at 
different heights, and permits only a global view of 
the evolution of liquid transport.  
 
The last technique is based on the electrical 
resistance principle where the liquid height was 
measured by using a single probe. This method is 
also unable to measure the liquid height at various 
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levels [12]. In the present work, a technique based on 
open and closed electrical circuit principle has been 
used to determine the capillary height of liquid at 
various levels without dye with respect to time. This 
technique helps the in-depth study of the wicking 
behavior of the fabrics. 
 
MATERIALS AND METHODS 
To conduct the above mentioned experiments, the 
fabrics used were woven with projectile desk loom of 
Polyester/Viscose blend 65/35, 19.5 tex, 2 ply, warp 
setting 236 dm–1, weft setting 236 dm–1. The fabrics 
were woven in 12 different weaves as shown in 
Figure 1. The weaves were chosen in such a way that 
they could be woven with the same loom setting. The 
weave factor P1 of all chosen weaves was changed to 
the widest possible range (from 1 to 1.9). From the 
chosen weaves, six weaves (1, 2, 4, 5, 6, and 7) had 
floats evenly distributed through the full fabric 
surface, and six weaves (3, 8, 9, 10, 11, and 12) were 
horizontally striped. 
 

 
 

FIGURE 1.  The weaves used in experiment.  A1 – plain weave; 
A2 – weft rib; A3 – warp rib; A4 – twill 2/2; A5 – weft direction 
Bedford cord; A6 – fancy twill ; A 7 – sateen; A8 – basket weave; 
A9 – broken twill; A10 – crape weave; A11 – warp direction 
Bedford cord; A12 – mock leno. 

 
Circuit Description 
In this circuit, the probe is used to measure the water 
level seen in Figure 2. A test probe (test lead, test 
prod) is a physical device used to connect electronic 
test equipment to the device. All the probe leads are 
pulled high through the resistors. They are placed in 
different height levels. Then the probe outputs are 
given to 40106 hex schimitt trigger inverter [13]. 
 

PC

 
 
FIGURE 2.  Experimental system. 

 
Initially when the fabric is dry, the probe leads are 
not in touch with water. So, the probe leads are 
increased, and are in turn inverted to low through the 
hex inverter. When the water level is increased 
gradually, the touched probes become low which are 
inverted to high by the hex inverter. Then the 
corresponding output signal is given to a 
microcontroller in order to find the water level. The 
successive signals from opening and closing switches 
in this system are captured by computer (lab view 
software) to measure the liquid height with respect to 
the time [13].  
 

 
FIGURE 3.  Principle of measuring liquid transport. 

 
The fabrics have undergone the commercial scouring 
process. The sample (10’’ × 1’’) was prepared in 
warp and weft direction and then placed in a climatic 
chamber at the temperature of 27ºC and 65% RH. 
The test has been conducted using an Electronic 
vertical wicking tester (Figure 3) according to DIN 
53924 method [14]. A strip of fabric was suspended 
vertically with its lower end (30mm) immersed in a 
reservoir of distilled water. The selected fabric, 
initially dry, is maintained vertically and partially 
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immersed in a bath containing distilled water. The 
fabric support is composed of a plexi-glass plate 
where the screws are affixed every 1 cm on both the 
sides.  
 
The metallic wires are extended halfway from the 
screws on both sides and touch the front and back 
sides of the fabric at regular intervals of one half 
centimeter. There are a total of eight probes that 
touch the front side of the fabric and another eight 
that touch the back side of the fabric alternately. The 
liquid height in fabric is deduced at different intervals 
experimentally from the signals given by the software 
program. Each sample was conducted using five tests 
to compute the average value. The time in seconds 
required for the water to reach 5 cm at an interval of 
1cm along the strip is measured and noted. All 
wicking measurements were performed at 28C - 
30C temperature (room condition) and 38 - 40% 
relative humidity. 
 
RESULTS AND DISCUSSION 
In order to establish the influence of fabric weave on 
fabric wickability, vertical wicking tests were carried 
out using fabrics of two types. The 12 woven fabrics 
and the wicking time in seconds (5cm height) for 
both warp and weft directions are shown in Figure 4.  
It was observed that the character of fabric wicking, 
whose floats are distributed evenly throughout the 
entire fabric surface, and of horizontally striped 
fabric are different. 
 

 
 
FIGURE 4. Effects of types of fabric on wicking 

 
Figure 4 shows fabrics with evenly distributed float 
wicks slower and horizontally striped fabrics wicks 
faster. It is thought that this happens because the 
floats of threads in horizontally striped fabrics are 
placed on the edge of the horizontal stripes, and are 
distributed throughout the entire fabric surface. This 
irregular structure may be the reason why the rate of 
wicking is higher for the horizontally striped fabrics. 
There are slight variations observed in the rate of 
warp and weft way wicking, in some cases, the rate 
of weft way wicking is higher than that of warp way 

wicking. This may be due to the tension variations of 
warp and weft threads. 
 
Two methods were used to analyze the wicking 
results obtained in this study. In the first method, 
from the vertical wicking results, the logarithm of the 
wicking time was plotted against the logarithm of the 
wicking height (Figure 5). It was found that the 
values of the time exponents in Washburn equation 
range between 0.39 and 0.49. In most of the cases, 
the time exponents in vertical wicking are near 0.5 
which is the Washburn value. Values of time 
exponent (k) in vertical wicking are shown in Table I 
(Model assumed to calculate the time exponent k is: 
H= a.tk, where a is the constant; t, time; and H, 
distance travelled. The values of k are taken from 
Table II). 
 

 
 
FIGURE 5.  Regression graph plotted against log (h) vs. log (t). 
 
TABLE I.  Values of time exponent k in vertical wicking time for 
various fabrics. 
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The higher k values are noticed for horizontally 
striped fabrics compared with evenly distributed 
floats. It also observed that the k values are increased 
for weft direction. It is noticed that the k values are 
0.39 for plain and fancy twill fabrics. This denotes 
that the wicking rate for these fabrics are lesser 

compared with other fabrics and therefore, the values 
of k can also be taken as a measure of rigidity of 
fabrics, as well as wickability of the fabrics.  Table II 
gives the correlation coefficient and regression 
equations for the 12 fabrics. (Model assumed is: Log 
(H) = k log t + constant0). 

 
TABLE II.  Regression equations of the form log (h) = klog t + constant and correlation coefficients for various fabrics. 

 

 
 
In the second analysis, the wicking height was plotted 
against the square root of time and the correlation 
coefficient and regression equations were computed.  
 
Table III gives the values of slope and intercept 
(Model assumed is: h=Kt0.5 + constant, where K is 
the slope).  It is observed that the slopes of plain and 
fancy twill are lower compared to other fabrics.  
 

This indicates lesser rate of wicking. It noticed that 
the horizontally striped fabrics slopes shows higher 
values compared with the evenly distributed floats. 
This denotes that the rate of wicking is higher for the 
horizontally striped fabrics.  
 
The correlation between wicking height and square 
root of time shows higher values compared to the 
logarithm method. 
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TABLE III.  Regression equations of the form h = k t0.5 + constant and correlation coefficients for various fabrics. 
 

 
 
CONCLUSION 
A good linear relationship between the wicking 
height and the square root of wicking time is found. 
Another relationship in which the wicking height is 
plotted against square root of time shows that the 
slopes are lower for plain and fancy twill fabric 
which implies the rigidity of the fabrics. 
 
Washburn’s equation is obeyed quite well when the 
time constant is near 0.5. In respect of plain and 
fancy twill fabrics, the time exponent is significantly 
lower compared to other fabrics, which indicates 
poor wicking rates of those fabrics. 
 
The values of time constant k show an increase in 
value for weft direction wicking and horizontally 
striped fabrics indicating the improvement in their 
wickability. In view of this fact, the time constants 
for plain and fancy twill fabrics are exceptionally 
lower than those of other fabrics, and can be 
considered as measures of rigidity of the fabrics. 
 
The correlation coefficient is higher when the graph 
plotted against height versus square root of time is 
compared with the logarithm method.  
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