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soon as water wets the fibre, it enters 
into the fibre’s capillary channel and is 
dragged along by the action of capillary 
pressure, and the process which is called 
“wicking” takes place [3-4].

The special design of a fabric with a high 
moisture transport capacity may involve 
the selection of different fibre, yarn and 
fabric manufacturing systems. Natural 
fibres such as cotton and linen are hydro-
philic, which means that their surface has 
bonding sites for water molecules. There-
fore water tends to be retained in hydro-
philic fibres which have poor moisture 
transportation and release. On the other 
hand, synthetic fibres such as polyester 
are hydrophobic, which means that their 
surface has few bonding sites for mol-
ecules. Hence they tend to remain dry, 
with good moisture transportation and 
release. Moisture absorption and release 
properties do not coexist in common fi-
bres. These can be provided only by some 
special processes, such as microencapsu-
lation. Air permeability is another indi-
cator of fabric comfort as it plays a role 
in transporting moisture vapour from the 
skin to the outside atmosphere. An air 
permeable fabric provides the transition 
of liquid and vapour since this parameter 
affects the rate at which moisture is re-
tained or lost by the fabric [7-9].

There are previous studies supporting the 
idea that some factors such as the raw ma-
terial type, yarn structure and some fab-

ric properties directly influence moisture 
management properties as well as the air 
permeability of fabrics [10-11]. Selli and 
Turhan [12] made an investigation of the 
effects of knitting type, yarn count and 
commercially knitted fabric weight on 
comfort parameters in terms of air perme-
ability and moisture management. Their 
results revealed that the air permeability 
of commercial knitted fabrics decreased 
as the mass of fabrics increased. Rib fab-
rics had higher air permeability values 
than single jersey fabrics. They also add-
ed that the wetting time (s) and absorption 
rate (%) increased as the mass of single 
jersey fabrics increased. In Özdil et al.’s 
study [13], cotton yarns produced at dif-
ferent yarn counts (30 tex, 20 tex, 15 tex) 
and different twist values were knitted 
as a single jersey structure. The dynam-
ic liquid transport properties of textiles 
such as the wetting time (s), maximum 
absorption rate (%/s) and spreading speed 
(mm/s) were significantly influenced 
by the yarn count and yarn twist coeffi-
cient. The influence of knitting parame-
ters such as the knitting gauge and stitch 
length on moisture management and air 
permeability were evaluated in Nazir et 
al. study [14]. Samples were produced at 
two different knitting gauges, each with 
three different stitch lengths. It was em-
phasised in the study that loosely knitted 
fabric samples with a higher amount of 
entrapped air revealed good air perme-
ability but poor moisture management 
properties. The transmission of liquid 
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Abstract
This paper has focused on moisture management (MMT) and air permeability properties 
of fabrics produced from linen (100%) and linen-polyester yarns (80% polyester and 20% 
linen) at different weft densities. In the experimental study, eighteen different types of fabrics 
composed of six different weft yarns with three levels of weft density (weft density of 8,10 
&12 pick/cm for 100% linen fabrics and 14,16,18 pick/cm for polyester-linen fabrics) were 
selected in order to determine the influence of weft density and yarn structural parameters 
(number of yarn folds) on moisture management as well as air permeability properties. 
The following weft yarns were selected: 104/1 tex, 104/2 tex & 104/3 tex for 100% linen and 
41/1 tex, 41/2 tex & 41/3 tex for 80% Polyester – 20% linen fabrics, whereas the warp yarn 
was constant – 50/1 tex 100% linen for all fabric types. Satin type fabrics were subjected to 
moisture management tests and air permeability tests as well. According to test results, it 
was determined that some of the moisture management (wetting time, absorption rate (%/s) 
and one-way accumulative transport index of the fabrics’ top surfaces and bottom surfaces) 
and air permeability properties were significantly affected by the number of yarn folds and 
the weft density at a 0.05 significance level. 
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	 Introduction
The term comfort is defined as “the ab-
sence of displeasure or discomfort” or 
“a neutral state compared to the more ac-
tive state of pleasure”. Three main consid-
erations may be mentioned for comfort: 
psychological, sensorial and thermo-phys-
iologica . Thermo-physiological comfort 
requires thermoregulation and moisture 
management [1]. Moisture transportation 
through fabric is one of the key factors 
for fabric comfort. For wearer comfort, 
moisture management has the function 
of transporting sweat away from the skin 
and evaporating it to the atmosphere and 
also that of the weight control of cloth by 
preventing moisture increase on the fab-
ric [2-4]. Moisture transport properties of 
textiles are obtained from perspiration in 
liquid and vapour form, which influences 
the dynamic comfort in practical use.

The interaction of liquids with textile 
materials includes some fundamental 
physical phenomena such as fibre surface 
wetting, liquid transfer into the assembly 
of fibres, adsorption on the fibre surface 
or diffusion of the liquid into the interior 
of the fibres. Wetting is described as the 
displacement of a solid-air interface with 
a solid-liquid one. Spontaneous wetting 
is the migration of a liquid, while forced 
wetting involves external mechanical 
forces for the increment of the solid-liq-
uid interface beyond static equilibrium 
[5-6]. In the case of textile material, as 
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moisture for towels was studied in terms 
of fibre volume and fabric thickness. It 
was found that as the thickness of fabric 
or fibre volume increased, more resist-
ance was offered to moisture transmission 
[15]. Çeven and Gürarda [16] investigat-
ed the air permeability, breaking strength 
and abrasion resistance of curtain fabrics 
woven with polyester yarns having differ-
ent structures. They concluded that yarn 
structure such as the twist, linear density, 
friction, crimp, number of plies (e.g. sin-
gles, two-ply etc.), smoothness and pres-
ence of wrapper or binding fibres affected 
curtain fabric performance. Apart from 
the raw material and fabric structure in-
fluence, the effect of washing types (such 
as ultrasonic and conventional) and wash-
ing cycles was also found to be a signif-
icant factor for moisture management 
properties [17-19].

From the literature investigated, it can 
be seen that the moisture management 
and air permeability properties of fabrics 

have become a serious research area in 
recent years. However, it should be em-
phasised that most of the studies have 
focused on evaluating the comfort prop-
erties of knitted fabrics. It has been found 
that there are not many studies related to 
the influence of yarn parameters (such as 
yarn type, number of yarn ply and yarn 
twist) or fabric structure (weft density, 
weaving type etc.) on the moisture man-
agement and air permeability properties 
of linen containing woven fabrics. Our 
present study investigated the comfort 
related properties of 100% linen and 80% 
polyester-20% linen fabrics on the basis 
of weft yarn type and weft densities with 
the help of dynamic liquid moisture man-
agement and air permeability tests.

	 Material method
Material
In order to evaluate the influence of yarn 
structure and weft density on the moisture 
management of fabric and its air perme-

ability, 18 different types of drapery fab-
rics were produced using the same type of 
warp yarn – 50/1 tex (Z) ring spun linen 
yarn. but with different weft yarns, which 
were one, two and three folded spun yarns. 
100% linen ring spun weft yarns (104/1 
tex, 104/2 tex, 104/3 tex) were used at 
a density of 8,10 and 12 pick/cm, where-
as 80% polyester – 20% linen ring spun 
weft yarns (41/1, 41/2, 41/3 tex) were 
used at a density of 14-16-18 pick/cm. 5/1 
weft satin Z [3] drapery fabrics (Figure 1) 
were woven on a Dornier model weaving 
machine (Lindauer DORNIER GmbH, 
Lindau Germany). After the weaving pro-
cess, PVA, SAFİLİN 2REF was applied 
to the warp yarns for sizing. The fabrics 
were pre-treated with 4 g/l soap during de-
sizing. All fabrics were subjected to wrin-
kle resistance processes using 30 g/l resin 
with MgCl and to the tampler process, 
respectively. Additionally 40 g/l softener 
was used as the finishing process. The dra-
pery fabrics were tested with a Moisture 
Management Tester (MMT, SDL ATLAS 
LTD, Hong Kong) based on the standard 
AATCC 195-2009 [20] and tested with an 
SDL Atlas Digital Air Permeability Tester 
(SDL ATLAS LTD, Hong Kong) accord-
ing to the EN ISO 9237 standard [21]. All 
measurements were carried out in con-
trolled laboratory conditions of 20 ± 2 °C, 
% 65 ± 4 relative humidity. The experi-
mental design is summarised in Table 1.

Method
Moisture management
As mentioned above in the literature part, 
moisture has an important impact on ther-
mal and sensory comfort. The volume of 
liquid required to saturate a fabric varies 
according to the fabric moisture charac-
teristics, fabric thickness and rate of liq-
uid loss due to evaporation. In this study, 
the moisture management of fabrics was 
measured with a Moisture Management 
Tester (MMT, SDL Atlas) based on the 
standard AATCC 195-2009 [20]. In order 
to remove possible residue on the fabric, 
it was preferred to wash them for five 
minutes with distilled water using an ul-
trasonic cleaner before the test. Figure 2 
reveals the working principle of the de-
vice. To conduct the test, the fabric sam-
ple was placed horizontally in the MMT 
instrument between the upper and lower 
sensors, which are made of concentric 
rings of pins. A solution representing per-
spiration was dropped on the centre of the 
upper face (skin side) of the test sample. 
The fabric’s top side was that on which 
the test water was dropped during testing, 
which is supposed to be in contact with 

Figure 1. Photographs of 5/1 weft satin Z [3].
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moisture characteristics, fabric thickness and also to the rate of liquid loss due to evaporation. In 
this study, Moisture management of fabrics were measured with Moisture Management Tester 
(MMT, SDL Atlas) based on the standard of AATCC 195-2009 (20).  In order to remove the 
possible residues on the fabric, it was preferred to wash the fabrics for five minutes with 
distilled water by using ultrasonic cleaner before the test. Figure 2 reveals the working principle 
of the device. For conducting the test; fabric sample was placed horizontally in the MMT 
instrument between the upper and lower sensors. These sensors are made of concentric rings of 
pins. A solution representing perspiration was dropped on the centre of the upper facing (skin 
side) of the test sample. Fabric’s top side is that on which the test water was dropped during 
testing and this side is supposed to be in contact with human body skin while wearing the 
garment made by the fabric. As the solution moved through and across the sample, the changes 
in electrical resistance were measured and recorded (22). The results were expressed in terms 
of wetting time (s) for top and bottom surfaces, absorption rate for top and bottom 
surfaces(%/s), spreading speed for top and bottom surfaces (mm/min), maximum wetted 
radius for top and bottom surfaces (mm), Accumulative one-way transport index (AOTI) and the 
Overall (liquid) Moisture Management Capability (OMMC). The definition of above mentioned 
terms are given below (22- 25); 
-Wetting Time (s) is defined as time in seconds when the top and bottom surfaces of the 
specimen begin to be wetted after the test is started.   
-Absorption rate for top and bottom surfaces (%/s) is defined as the average speed of liquid 
moisture absorption for the top and bottom surfaces of the specimen during the liquid pumping 
time. 
-Maximum wetted radius (MWRtop, MWRbottom) is defined as the maximum wetted ring radius at 
the top and bottom surfaces, where the slopes of water content become greater than tan 15° for 
the top and bottom surfaces respectively. 
-Spreading Speed is defined as the cumulative wetting spreading speed (mm/s) between the 
center of the specimen where the liquid is dropped and the maximum wetted radius. If it is 
assumed that the ring is wetted in time period of ti, (i=1,2,3,4,5,6); the liquid spreading speed 
from the ring of i-1 to ring i is calculated as shown in equation (1); Here “R” is defined as the 
diameter of the ring. Cumulative Spreading Speed (SS) is calculated as shown in equation (2) 
where N is the maximum number of wet ring ; 
 

                                                                    𝑆𝑆𝑖𝑖 =
∆𝑅𝑅𝑖𝑖
𝑡𝑡𝑖𝑖
= 𝑅𝑅

𝑡𝑡𝑖𝑖−𝑡𝑡𝑖𝑖𝑖1
    (1) 

Table 1. Experimental design.

Fabric code Fabric 
composition Weft yarn Pick, 

cm
Weight, 

g/m2 

104/1 (8)
100% linen 104/1 tex, linen Ring Spun

8 199.8
104/1 (10) 10 222.5
104/1 (12) 12 244,6
104/2 (8)

100% linen 104/2 tex, linen Ring Spun (130 S)
8 290.6

104/2 (10) 10 336.1
104/2 (12) 12 381.5
104/3 (8)

100% linen 104/3 Tex, linen Ring Spun (130 S)
8 462.5

104/3 (10) 10 530.6
104/3 (12) 12 598.75
41/1 (14)

80%Polyester 
20% linen 41/1 tex, Polyester-linen Ring Spun

14 253.58
41/1 (16) 16 262.60
41/1 (18) 18 271.75
41/2 (14)

80%Polyester 
20% linen 41/2 tex, Polyester-linen Ring Spun (550 S)

14 317.16
41/2 (16) 16 335.33
41/2 (18) 18 353.50
41/3 (14)

80%Polyester 
20% linen 41/3 tex , Polyester-Linen Ring Spun (550 S)

14 380.75
41/3 (16) 16 408.80
41/3 (18) 20 462.50
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-Accumulative One-way Transport Index (AOTI) is the difference in the accumulative moisture 
content between the two surfaces of the fabric. One way transportation capability may also be 
described as  one-way liquid moisture transfer from the fabric’s inner surface to the outer 
surface [23]. 
 
                                            AOTI= (Area (Ubottom)-Area (Utop))/Total testing time  (3) 
 
-Overall Moisture Management Capacity (OMMC) is an index revealing  fabric ability to manage  
liquid moisture transport. This index consists of three aspects of performance: the moisture 
absorption rate of the bottom side (BAR), the accumulative one-way transport index (AOTI), and 
spreading/drying rate of the bottom side (SSb), which is represented by the maximum spreading 
speed. The larger the OMMC,  the higher the overall moisture management ability of the fabric 
[3]. The overall moisture management capacity (OMMC) is defined as: 
 
                                                        OMMC=0.25BAR+0.5 AOTI +0.25SSb   (4) 
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the maximum wetted radius. If it is as-
sumed that the ring is wetted in a time 
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uid spreading speed from the ring of 
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the diameter of the ring. The cumula-
tive spreading speed (SS) is calculated 
as shown in Equation (2), where N is 
the maximum number of wet rings;
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was evaluated in terms of the wetting 
time, absorption rate, maximum wetted 

radius, spreading speed, accumulative 
one-way transport Index and overall 
moisture management capacity as well. 
Table 2 displays grading of MMT indi-
ces. The indices are graded and converted 
from value to grade based on a five grade 
scale (1–5). The five grades of indices 
represent: 1 – Poor, 2 – Fair, 3 – Good, 
4 – Very good, 5 – Excellent.

Air permeability 
The air permeability of the fabrics was 
measured based on the EN ISO 9237 
standard [21] using an SDL Atlas Digital 
Air Permeability Tester Model M021A at 
20 ± 2 °C and 65 ± 4% humidity. Meas-
urements were performed by application 
of 100 Pa air pressure per 20 cm2 fabric 
surface. The averages of measurements 

Figure 2. Working principle of MMT Test Equipment [22].

Table 2. Grading of MMT indices [25].

Index
Grade

1 2 3 4 5
Wetting time, s Top ≥120 20-119 5-19  3-5 <3
  No wetting Slow Medium Fast Very Fast
  Bottom ≥120 20-119 5-19  3-5 <3
  No wetting Slow Medium Fast Very Fast
Absorption rate, % Top 0-10 10-30 30-50 50-100 >100
  Very slow Slow Medium Fast Very Fast
  Bottom 0-10 10-30 30-50 50-100 >100
  Very slow Slow Medium Fast Very Fast
Max. Wetted Radius, mm Top 0-7 7-12 12-17 17-22 >22
  No wetting Small Medium Large Very large
 Max.Wetted Radius, mm Bottom 0-7 7-12 12-17 17-22 >22
  No wetting Small Medium Large Very large
Spreading speed, mm/s Top 0-1 1-2 2-3 3-4 >4
  Very slow Slow Medium Fast Very Fast
  Bottom 0-1 1-2 2-3 3-4 >4
  Very slow Slow Medium Fast Very Fast
AOTI Top <-50 -50 to 100 100-200 200-400 >400
  Poor Fair Good Very good Excellent
OMMC Bottom 0-0.2 0.2-0.4 0.4-0.6 0.6-0.8 >0.8
  Poor Fair Good Very good Excellent
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from 10 different areas of the fabrics 
were calculated. The pre-selected unit 
of measure was dm3/s for the debit of air 
flow. The air permeability (mm/s) was 
determined as follows [16]:
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Table 2 Grading of MMT indices [25] 

Index Grade 
1                      2                      3                    4                      5 

Wetting time (s) Top ≥120 20-119 5-19  3-5 <3 

  No wetting Slow Medium Fast  Very Fast 
  Bottom ≥120 20-119 5-19  3-5 <3 

  No wetting Slow Medium Fast  Very Fast 
Absorption rate (%) Top 0-10 10-30 30-50 50-100 >100 

  Very slow  Slow Medium Fast  Very Fast 
  Bottom 0-10 10-30 30-50 50-100 >100 

  Very slow  Slow Medium Fast  Very Fast 
Max. Wetted 
Radius (mm) Top 0-7 7-12 12-17 17-22 >22 

  No wetting Small Medium Large Very large 
 Max.Wetted 
Radius (mm) Bottom 0-7 7-12 12-17 17-22 >22 

  No wetting Small Medium Large Very large 
Spreading speed 
(mm/s) Top 0-1 1-2 2-3 3-4 >4 

  Very slow  Slow Medium Fast  Very Fast 
  Bottom 0-1 1-2 2-3 3-4 >4 

  Very slow  Slow Medium Fast  Very Fast 
AOTI Top <-50 -50 to 100 100-200 200-400 >400 

  Poor Fair Good Very good Excellent 
OMMC Bottom 0-0.2 0.2-0.4 0.4-0.6 0.6-0.8 >0.8 

  Poor Fair Good Very good Excellent 
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: the arithmetical average of the 
debit of air flow, dm3/min; A: Test area, 
cm2; and 167: the coefficient of conversa-
tion from dm3/min to cm3/s and then from 
cm/s to mm/s.

Results were expressed in “mm/s”. Air 
permeability is related to the porosity of 
fabrics, which is influenced by the fibre 

type, yarn structure, weft density, weav-
ing type etc. Looser fabric structures lead 
to higher air permeability due to the low-
er cover factor.

	 Results and discussion
Moisture management properties 
The moisture management performanc-
es of the fabrics were evaluated in terms 
of the wetting time (s), absorption rate 
(%/s), maximum wetted radius (mm), the 
spreading speed (mm/s) for top (SStop)  
and bottom surfaces (SSbottom), the accu-
mulative one-way transport index (AOTI) 
and overall moisture management capac-

ity (OMMC). In order to evaluate the in-
fluence of the number of yarn folds and 
weft density on the moisture management 
of the fabrics, completely randomised 
two-factor analysis of variance (ANOVA) 
was conducted. ANOVA results for all dy-
namic liquid moisture management prop-
erties are given in Table 3. 

It should be stated that the yarn fold, weft 
density and their interaction had a signif-
icant effect (5% significance level) only 
on the wetting time, absorption rate (%/s) 
and one-way accumulative transport in-
dex of the fabrics’ top and bottom surfac-
es, whereas the yarn fold, weft density 
and their interaction did not have any sig-
nificant effect on the maximum wetting 
radius (mm), spreading speed (mm/s) 
and overall moisture management capac-
ity (OMMC).

Wetting time (s)
The wetting time of the top and bottom 
surfaces after the liquid had been applied 
is revealed in Figure 3. It was observed 
that the wetting times (s) of the fabrics’ 
top and bottom surfaces fluctuate between 
4 and 16 seconds. Regarding the fabrics 
with linen weft yarn, the maximum top 
wetting time (WTT) was obtained for the 
fabrics with 104/2 tex linen yarn at a weft 
density of 12-15.6 seconds, whereas the 
maximum wetting time of the bottom 
(WTB) surface was obtained for fabrics 
with 104/1 tex linen yarn at a weft densi-
ty of 8-15.8 seconds. The minimum wet-
ting times for the top and bottom surfac-
es belong to fabrics with 104/3 tex linen 
weft yarn at a weft density of 10 – -5.1 
and 4.1 seconds, respectively. 

Regarding the fabrics with linen-polyester 
blend weft yarn, those with 41/2 tex weft 
yarn at a weft density of 16 revealed the 
highest wetting time for top and bottom 
surfaces (12 s and 13.6 s), whereas the 
fabrics with 41/2 tex yarn at a weft den-
sity of 18 had the lowest wetting time for 
top and bottom surfaces (4.1 s and 4.2 s). 
According to ANOVA (two-way) test re-
sults, the properties displayed in Table 3 
i.e. the number of yarn folds, the weft 
density and their interaction, had a signif-
icant effect on both the top (p < 0.05) and 
bottom (p < 0.05) surfaces of the wetting 
times at a 95% confidence interval. SNK 
results for the top wetting time (WTT) and 
bottom wetting time (WTB) surfaces are 
also displayed in Table 4.

According to Table 4, regarding the fab-
rics with 100% linen weft yarn, SNK test 

Table 3. ANOVA results for dynamic liquid moisture management properties. Note: 
* statistically important according to α = 0.05.

Anova test results for fabrics’ MMT 
results

Fabrics with 100% linen 
weft yarn

Fabrics with polyester- 
-linen blend weft yarn

Source df F Sig (p) df F Sig (p)

Wetting Time (top)
main effect

Yarn fold 2 39.747 0,00 2 4,919 0.01*
Weft 

Density 2 44.144 0,00 2 90.529 0.00*

interaction F*D 4 67.259 0,00 4 23,013 0.00*

Wetting Time 
(bottom)

main effect
Yarn fold 2 73.201 0,00 2 8,373 0.00*

Weft 
Density 2 71.198 0,00 2 147,535 0.00*

interaction F*D 4 109.537 0,00 47,680 0.00*

Absorption Rate 
(top)

main effect
Yarn fold 2 7.927 0,03 2 44,886 0.00*

Weft 
Density 2 196.977 0,00 2 109,041 0.00*

interaction F*D 4 76.203 0,00 4 131,292 0.00*

Absorption Rate 
(bottom)

main effect
Yarn fold 2 219.110 0,00 2 617,076 0.00*

Weft 
Density 2 287.207 0,00 2 593,711 0.00*

interaction F*D 4 96.377 0,00 4 184,670 0.00*

One-way accu-
mulative transport 
index

main effect
Yarn fold 2 88.857 0,00 2 3781,251 0.00*

Weft 
Density 2 1501.726 0,00 2 2614,708 0.00*

interaction F*D 4 662.074 0,00 4 605,666 0.00*
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Figure 3. Wetting time of the fabrics.

1 
 
 

 

 
Figure 3  

 

 

 

 

 

Figure 4  

 

0
2
4
6
8

10
12
14
16
18

10
4/

1 
(8

)
10

4/
1 

(1
0)

10
4/

1 
(1

2)
10

4/
2 

(8
)

10
4/

2 
(1

0)
10

4/
2 

(1
2)

10
4/

3 
(8

)
10

4/
3 

(1
0)

10
4/

3 
(1

2)
41

/1
 (1

4)
41

/1
 (1

6)
41

/1
 (1

8)
41

/2
 (1

4)
41

/2
 (1

6)
41

/2
 (1

8)
41

/3
 (1

4)
41

/3
 (1

6)
41

/3
 (1

8)

LINEN PES-LINEN

W
ET

TI
NG

 T
IM

E 
(s

)

Wetting Time (top)

wetting time (bottom)

0

20

40

60

80

100

120

10
4/

1 
(8

)
10

4/
1 

(1
0)

10
4/

1 
(1

2)
10

4/
2 

(8
)

10
4/

2 
(1

0)
10

4/
2 

(1
2)

10
4/

3 
(8

)
10

4/
3 

(1
0)

10
4/

3 
(1

2)
41

/1
 (1

4)
41

/1
 (1

6)
41

/1
 (1

8)
41

/2
 (1

4)
41

/2
 (1

6)
41

/2
 (1

8)
41

/3
 (1

4)
41

/3
 (1

6)
41

/3
 (1

8)

LINEN POLYESTER-LINEN

Ab
so

rp
tio

n 
Ra

te
 (%

/s
)

top absp. rate (%/s)

bottom absp. rate (%/s)



43FIBRES & TEXTILES in Eastern Europe  2018, Vol. 26,  4(130)

results revealed that the fabrics produced 
with different yarn folds possessed a sta-
tistically different wetting time (s) for 
the top and bottom surfaces. The highest 
wetting time for the top surfaces was ob-
tained for fabrics with two folded linen 
weft yarns, whereas the minimum values 
were found in fabrics with three folded 
linen weft yarns. There was not a trend 
for the ranking of the fabrics’ wetting 
time for top surfaces with respect to the 
number of yarn folds. However, there 
was a decrement in the wetting time 
for bottom surfaces as the yarn fold in-
creased. On the other hand, SNK results 
also revealed that fabrics of various 
weft density possessed different wetting 
times (s) for the top and bottom surfaces. 
The maximum wetting time for both the 
top and bottom surfaces was observed in 
fabrics with a weft density of 12-9.30 s 
and 9.23 s, respectively, whereas min-
imum values were observed in fabrics 
with a weft density of 10-5.56 s for top 
and 5.20 s for bottom surfaces. When it 
comes to the top wetting time (s) and bot-
tom wetting time (s) of the fabrics with 
linen-polyester blend weft yarn, SNK re-
sults revealed that fabrics with one fold 
and three folded yarns were statistically 
in the same subset at a significance level 
of 0.05. The fabrics with two-fold poly-
ester-linen blend yarn had the maximum 
wetting time for both surfaces. SNK test 
results also indicated that polyester-linen 
blend fabrics produced with different weft 
densities possessed statistically different 
wetting times (s) for the top and bottom 
surfaces. The maximum wetting times for 
the top and bottom surfaces were found 

in fabrics with a weft density of 16, and 
minimum wetting times belonged to fab-
rics with a weft density of 18. 

Absorption rate (%/s)
The absorption rate (%/s) values indicate 
the average moisture absorption ability 
of the top and bottom surfaces of the fab-
ric in the pulp time (20 s). According to 
Figure 4, the maximum absorption rates 
(%/s) of the top and bottom surfaces were 
found in fabrics with 104/3 tex 100 % lin-
en weft yarns at a weft density of 12 and 
in fabrics with 104/2 tex 100% linen weft 
yarns at a weft density of 12, respective-
ly. Minimum absorption rates (%/s) of 
the top and bottom surfaces were found 

Table 4. SNK Results for the wetting time 
(sec). Note: The  different letters (a, b, c) 
next to the counts indicate that they are 
significantly different from each other at 
a significance level of 5%.

Fabrics with linen weft yarn 
Parameter WTT WTB

Yarn fold (F)

1 8.10b 9.33b

2 9.13c 9.06b

3 5.63a 5.16a

Weft density (D)

8 8.00b 9.13b

10 5.56a 5.20a

12 9.30c 9.23b

Fabrics with polyester-linen blend weft yarn 
Parameter WTT WTB

Yarn fold (F)

1 6.30a 6.30a

2 7.43b 8.03b

3 6.63a 6.43a

Weft density (D)

14 6.00b 6.06b

16 9.56c 9.73c

18 4.80a 4.96a
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Figure 4. Maximum absorption rates (%/s) of the fabric.
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in fabrics with 104/1 tex weft yarns at 
a weft density of 8. Fabrics with polyes-
ter-linen blend weft yarn revealed higher 
bottom-absorption rates (%/s) compared 
to the bottom-absorption rates (%/s) of 
fabrics with 100% linen weft yarns. 

Considering the polyester-linen fabrics, 
the maximum absorption rates (%/s) of 
the top and bottom surfaces were ob-
served in fabrics with 41/1 tex weft yarn 
at a weft density of 14 pick/cm at 65.6 
and 112.1 %/s, respectively. The lowest 
top absorption rates (%/s) belonged to 
fabrics made of 41 tex/3 polyester-linen 
weft yarn at a weft density 14 of pick/cm,  
whereas the lowest bottom absorption 

Table 5. SNK Results of absorption rates (%/s). Note: The different letters (a, b, c) next to 
the counts indicate that they are significantly different from each other at a significance 
level of 5%.

Fabrics with linen weft yarn 

Parameter Absorption rates  
for top surfaces (%/s)

Absorption rates 
for bottom surfaces (%/s)

Yarn fold (F)
1 22.83a 30.10a
2 25.80b 50.43c
3 25.70b 35.30b

Weft density (D)
8 17.13a 25.96a

10 23.43b 39.80b
12 33.76c 50.06c
Fabrics with polyester-linen blend weft yarn 

Parameter Absorption rates (%/s)  
for top surfaces

Absorption rates (%/s)  
for bottom surfaces

Yarn fold (F)
1 42.02b 102.46c
2 33.53a 75.10b
3 34.11a 71.93a

Weft density (D)
14 44.68c 97.80c
16 34.73b 65.33a
18 30.24a 86.36b
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that there was a significant difference be-
tween the absorption rates (%/s) of the 
top and bottom surfaces of the fabrics at 
a 0.05 significance level. As the number 
of yarn folds increased, the absorption 
rates (%/s) of the top surfaces exhibited 
some fluctuation, whereas there was an 
overall downward trend for those (%/s) 
of the bottom surfaces of polyester-lin-
en fabrics The weft density increment 
led a downward trend for the absorption 
rates (%/s) of top surfaces; however, this 
was not clear for the bottom surfaces of 
polyester-linen fabrics. 

Maximum wetted radius 
According to Figure 5, regarding fabrics 
with 100% linen weft yarn, the minimum 
value of the max. wetted radius (mm) of 
the top and bottom surfaces of 104 tex/1 
fabrics at a (pick/cm) weft density of 8 is 
zero, whereas the rest radius (mm) values 
of the top and bottom surfaces fluctuated 
between 10 and 20 mm among the fab-
rics with 100% linen weft yarns. There 
was a general trend for fabrics with pol-
yester-linen weft yarn in their providing 
higher max. wetted radius values for the 
top surface compared to their bottom sur-
face . However, this trend was not valid 
for fabrics with 41 tex/1 weft yarn at 
a weft density of 16 pick/cm, nor for fab-
rics with 41 tex/2 weft yarn at a weft den-
sity of 16 pick/cm, which revealed the 
lowest maximum wetted radius values 
(mm) for top and bottom surfaces. Ad-
ditionally, according to Anova tests, the 
number of yarn folds and the weft density 
did not have any significant effect on both 
the top (p > 0.05) and bottom (p > 0.05)  
maximum wetting radius values of any 
100% linen or polyester-linen fabrics at 
a 95% confidence interval (Table 3).

Spreading speed (mm/s)
Figure 6 shows the spreading speed 
(mm/s) values of the fabrics. Regarding 
the fabrics with 100% linen weft yarn, 
the lowest spreading speed (mm/s) be-
longed to fabrics with 104/1 tex yarn at 
a weft density of 8 pick/cm at “zero (0)” 
for the top and bottom surfaces, which 
means the fabric has very low spreading 
speed according to the MMT test grading 
scales (Table 2). Additionally the maxi-
mum spreading speed (mm/s) of the top 
and bottom surfaces was obtained for 
fabrics of 104/2 tex yarn at a weft density 
of 8 pick/cm – 2.8 mm/s and 4.2 mm/s 
respectively.

Regarding the fabrics with polyester-lin-
en weft yarn, the lowest spreading speed 
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Figure 5. Maximum Wetted Radius(mm) for top and bottom surfaces.
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rates (%/s) were obtained for fabrics with 
41/2 tex weft yarn at a weft density of 
16. As observed in Figure 4, especially 
among fabrics with polyester-linen blend 
weft yarns, the bottom absorption rates 
(%/s) of the fabrics were generally higher 
than those of the top surfaces, which in-
dicates that there is liquid diffusion from 
the next-to-wet surface to the opposite 
side. Hence the liquid is accumulated on 
the bottom surface of the fabric.

SNK test results (Table 5) revealed that 
regarding fabrics with 100% linen weft 
yarn, those produced with different yarn 
folds possessed statistically different ab-
sorption rates (%/s) for the top and bot-

tom surfaces. Among the fabrics with 
100% linen weft yarn, those with two-
fold weft yarns revealed the highest ab-
sorption rates (%/s) for top and bottom 
surfaces, whereas fabrics with one-fold 
weft yarns had the minimum absorption 
rates (%/s). There was also a significant 
effect of the weft density on the absorp-
tion rates (%/s) of linen fabrics for the 
top and bottom surfaces at a 0.05 signifi-
cance level. As is observed from Table 5, 
there was an increasing trend for the ab-
sorption rates (%/s) of the top and bottom 
surfaces of the linen fabrics as the weft 
density increased from 8 to 12 pick/cm. 
Additionally SNK results of the fabrics 
with polyester-linen blend yarns showed 

0

1

2

3

4

5

6

)8( 1/401

)01( 1/401

)21( 1/401

)8( 2/401

)01( 2/401

)21( 2/401

)8( 3/401

)01( 3/401

)21( 3/401

)41( 1/14

)61( 1/14

)81( 1/14

)41( 2/14

)61( 2/14

)81( 2/14

)41( 3/14

)61( 3/14

)81( 3/14

spreading speed (top)

spreading speed (bottom)

2 
 
 

 

 

 

 

 
 

Figure 5  
 

 

Figure 6.  

 

0

5

10

15

20

25

30

35

10
4/

1 
(8

)
10

4/
1 

(1
0)

10
4/

1 
(1

2)
10

4/
2 

(8
)

10
4/

2 
(1

0)
10

4/
2 

(1
2)

10
4/

3 
(8

)
10

4/
3 

(1
0)

10
4/

3 
(1

2)
41

/1
 (1

4)
41

/1
 (1

6)
41

/1
 (1

8)
41

/2
 (1

4)
41

/2
 (1

6)
41

/2
 (1

8)
41

/3
 (1

4)
41

/3
 (1

6)
41

/3
 (1

8)

LINEN POLYESTER-LINEN

m
ax

. w
et

te
d 

ra
di

us
 (m

m
)

max. wetted radius (top)

max. wetted radius (bottom)

0

1

2

3

4

5

6

10
4/

1 
(8

)
10

4/
1 

(1
0)

10
4/

1 
(1

2)
10

4/
2 

(8
)

10
4/

2 
(1

0)
10

4/
2 

(1
2)

10
4/

3 
(8

)
10

4/
3 

(1
0)

10
4/

3 
(1

2)
41

/1
 (1

4)
41

/1
 (1

6)
41

/1
 (1

8)
41

/2
 (1

4)
41

/2
 (1

6)
41

/2
 (1

8)
41

/3
 (1

4)
41

/3
 (1

6)
41

/3
 (1

8)

LINEN POLYESTER-LINEN

Sp
re

ad
in

g 
sp

ee
d 

(m
m

/s
)

spreading speed (top)

spreading speed (bottom)

2 
 
 

 

 

 

 

 
 

Figure 5  
 

 

Figure 6.  

 

0

5

10

15

20

25

30

35

10
4/

1 
(8

)
10

4/
1 

(1
0)

10
4/

1 
(1

2)
10

4/
2 

(8
)

10
4/

2 
(1

0)
10

4/
2 

(1
2)

10
4/

3 
(8

)
10

4/
3 

(1
0)

10
4/

3 
(1

2)
41

/1
 (1

4)
41

/1
 (1

6)
41

/1
 (1

8)
41

/2
 (1

4)
41

/2
 (1

6)
41

/2
 (1

8)
41

/3
 (1

4)
41

/3
 (1

6)
41

/3
 (1

8)

LINEN POLYESTER-LINEN

m
ax

. w
et

te
d 

ra
di

us
 (m

m
)

max. wetted radius (top)

max. wetted radius (bottom)

0

1

2

3

4

5

6

10
4/

1 
(8

)
10

4/
1 

(1
0)

10
4/

1 
(1

2)
10

4/
2 

(8
)

10
4/

2 
(1

0)
10

4/
2 

(1
2)

10
4/

3 
(8

)
10

4/
3 

(1
0)

10
4/

3 
(1

2)
41

/1
 (1

4)
41

/1
 (1

6)
41

/1
 (1

8)
41

/2
 (1

4)
41

/2
 (1

6)
41

/2
 (1

8)
41

/3
 (1

4)
41

/3
 (1

6)
41

/3
 (1

8)

LINEN POLYESTER-LINEN

Sp
re

ad
in

g 
sp

ee
d 

(m
m

/s
)

spreading speed (top)

spreading speed (bottom)



45FIBRES & TEXTILES in Eastern Europe  2018, Vol. 26,  4(130)

(mm/s) belonged to fabrics with 41/2 tex 
yarn at a weft density of 16 pick/cm – “0” 
mm/s for the top surface and “0.3” mm/s 
for the bottom surface, which means the 
fabric has a very low spreading speed 
according to the MMT test catalogue 
(Table 2). Additionally the maximum 
spreading speed (mm/s) value for the 
top surface was found to be “5 mm/s” in 
fabrics with 41/1 tex weft yarn at a weft 
density of 14 (pick/cm), whereas the 
maximum spreading speed (mm/s) val-
ue for the bottom surface was found to 
be “4.3” in fabrics with 41/1 tex yarn at 
a weft density of 16 pick/cm. Additional-
ly with respect to Anova tests, the num-
ber of yarn folds and the weft density did 
not have any significant effect on both 
the top (p > 0.05) and bottom (p > 0.05) 
spreading speed properties of 100% linen 
or polyester-linen fabrics at a 95% confi-
dence interval (Table 3).

Accumulative one-way transport index 
(AOTI)
Figure 7 reveals the Accumulative one-
way transport index of the fabrics. This 
parameter describes how easily a fabric 
can transport moisture absorbed from its 
conducting surface to the other side by 
providing a moisture feel reduction, which 
is a sign of fabric comfort. High comfort 
fabrics are expected to have a high accu-
mulative one-way transport index value. 
As is observed from Figure 7, the fabric 
groups with polyester-linen blend weft 
yarns had a much higher accumulative 
one-way transport index compared to 
those with 100% linen weft yarn. This can 
be attributed to the fact that polyester fi-
bres can pass moisture from the inner to 
outer surface of the fabrics more easily 
than linen fibres. A research conducted by 
Namlıgöz et al. also supported our results, 
where the accumulative one-way transport 
of the cellulosic/synthetic blends revealed 
higher values compared to 100% cellu-
losic based fabrics. The researchers ex-
plained this by way of cellulose based fi-
bres’ tendency to absorb moisture instead 
of transportation [23].

According to SNK test results (Table 6) 
for the Accumulative one-way transport 
index of fabrics with linen weft yarn, 
those produced with different numbers of 
yarn folds and weft densities possessed 
a statistically different accumulative one-
way transfer index. There was not a clear 
trend for the accumulative transport in-
dex of 100% linen fabrics as the yarn 
fold or weft density increased. The max-
imum accumulative one-way transport 

index was obtained for the fabrics with 
two-folded 100% linen weft yarn of 
104/1 tex – 120.36, whereas the mini-
mum value was obtained for the fabrics 
with three-folded 100% linen weft yarn 
of 104/3 tex – 108.93. The maximum ac-
cumulative transport index of linen fab-
rics was obtained for the fabric groups 
at a weft density of 10 pick/cm, whereas 
the minimum value belonged to those at 
a weft density of 8 pick/cm – 98.66. Re-
garding fabrics with polyester-linen weft 
yarn, the fabrics produced with different 
yarn folds and weft densities possessed 
statistically different Accumulative trans-
port indices (Table 6). There was an up-
ward trend for the accumulative transport 
index of the fabrics as the yarn fold in-
creased; however, this trend was not clear 
for the weft densities. The highest accu-
mulative transfer index was obtained for 
polyester-linen fabrics at a weft density 
of 16 – 1195.76, whereas the minimum 
value was obtained in polyester-linen 
fabrics at a weft density of 18 – 1142.56. 

Overall moisture management capacity 
results (OMMC)
As mentioned above in the material-meth-
od section, the overall moisture manage-
ment capacity (OMMC) defines the abili-
ty of the fabric to manage liquid moisture 
transport with the performance aspects of 
the moisture absorption rate of the bottom 
side, the one-way liquid transport capaci-
ty (AOTI), and the spreading/drying rate 
of the bottom side (SSb) presented by the 
maximum spreading speed. According to 
the test results, OMMC values calculat-
ed for linen fabrics had poorer moisture 

Table 6. SNK Results of Accumulative one-
way transport index of the fabrics. Note: 
The  different letters (a, b, c) next to the 
counts indicate that they are significantly 
different from each other at a significance 
level of 5%. 

Fabrics with linen weft yarn 

Parameter Accumulative one- 
-way transfer index

Yarn fold (F)
1 117.90b
2 120.36c
3 108.93a

Weft density (D)
8 98.66a

10 144.10c
12 104.43b

Fabrics with polyester-linen blend weft yarn 

Parameter Accumulative one- 
-way transfer index

Yarn fold (F)
1 1027.16a
2 1165.53b
3 1194.51c

Weft density (D)
14 1048.87a
16 1195.76c
18 1142.56b

management ability when compared with 
polyester-linen fabrics. The results fluctu-
ated between “0” and “0.5” for linen fab-
rics, which indicated that the fabrics were 
of a poor, fair and good grade according 
to the MMC grading scale. On the other 
hand, the OMMC results were found to 
be between 0.5 and 0.9 for polyester-lin-
en fabrics. According to the MMC grad-
ing scale, the polyester-linen fabrics were 
of a good, very good and excellent grade 
in terms of the Overall Moisture Man-
agement Capacity (Table 2). It is also ob-
served that the general trend for Figure 8 
was similar to that in Figure 7 (one-way 
accumulated transport index), which may 
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Figure 8 Overall Moisture Management Capacity Results of the fabrics 
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Figure 9 Air permeability test results of the fabrics 

Figure 9 reveals the air permeability test results of the fabrics. As expected, there was a 
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the 100% linen and polyester-linen fabrics produced with different yarn folds at different weft 
densities possessed statistically different air permeability (mm/s) values. With respect to 
number of yarn folds, the highest air permeability was obtained from the fabrics of 104 /1 Tex 
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14 – 1822.22 mm/s. Additionally min-
imum air permeability values were ob-
tained for fabrics of 104/3 tex linen weft 
yarn – 608.33 mm/s and for fabrics with 
41/3 tex linen-polyester blend weft yarn 
– 747.56 mm/s. When the fabrics with 
100% linen weft yarn at different weft 
densities were taken into consideration, 
the highest air permeability value was ob-
tained as 1694.22 mm/s for linen fabrics at 
a weft density of 8, whereas the lowest air 
permeability was 833.89 mm/s for linen 
fabrics at a weft density of 12. The high-
est air permeability in polyester-linen 
fabrics was found at a weft density of 14 
– 1532.33 mm/s and the lowest air perme-
ability value in polyester-linen fabrics was 
obtained at a weft density of 18 – 880.33 
mm/s. The results are consistent with 
Umair et. al’s study. where the effect of 
woven fabric structure on air permeability 
and moisture management properties was 
discussed. They declared that the number 
of picks/cm is the determining factor for 
the air permeability results of fabrics, and 
as the number of interlacements among 
the fabric decreases, the fabric is consid-
ered to be less compact, which allows air 
to pass through more freely [26].

	 Conslusions
In conclusion, some moisture manage-
ment properties (wetting time, absorption 
rate (%/s) and one-way accumulative 
transport index of the fabrics’ top and bot-
tom surfaces) and the air permeability of 
100% linen and 80% Polyester 20% Linen 
fabrics were influenced significantly (at 

Table 7. SNK results of air permeability 
test results. Note: The different letters (a, b, 
c) next to the counts indicate that they are 
significantly different from each other at 
a significance level of 5%.

Fabrics with linen weft yarn 

Parameter Air permeability test 
results, mm/s

Yarn fold (F)
1 2153.33c
2 905.11b
3 608.33a

Weft density (D)
8 1694.22c

10 1138.67b
12 833.89a

Fabrics with polyester-linen blend weft yarn 

Parameter Air permeability test 
results, mm/s

Yarn fold (F)
1 1822.22
2 1007.00
3 747.56

Weft density (D)
14 1532.33
16 1164.11
18 880.33

LINEN PES-LINEN

Figure 8. Overall Moisture Management Capacity Results of the fabrics.

A
ir 

pe
rm

ea
bi

lit
y

LINEN PES-LINEN

Figure 9. Air permeability test results of the fabrics.
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indicate that these two terms: “OMMC” 
and “AOTI” are highly interrelated . It 
can be emphasised that when linen fibre 
is blended with polyester, there is an im-
provement in the accumulative one-way 
transport index and overall moisture 
management capacity results, which can 
be attributed to the capillary cavities of 
polyester fibre. There are some studies 
supporting our results, where fabrics of 
polyester blends revealed better AOTI 
and OMMC results compared to fabrics 
of 100% natural fibre. 

Additionally with respect to Anova tests, 
the number of yarn folds and the weft 
density did not have any significant ef-
fect on both the top (p > 0.05) and bottom 
(p > 0.05) overal moisture management 
capacity results of 100% linen or lin-

en-polyester fabrics at a 95% confidence 
interval (Table 3) . 

Air permeability results
Figure 9 shows the air permeability test 
results of the fabrics. As expected, there 
was a decreasing trend for the air per-
meability values of 100% linen and pol-
yester-linen fabrics as the yarn fold and 
weft density increased. SNK test results 
(Table 7) indicated that both 100% linen 
and polyester-linen fabrics produced with 
different yarn folds at different weft den-
sities possessed statistically different air 
permeability (mm/s) values. With respect 
to the number of yarn folds, the highest air 
permeability was obtained for fabrics of 
104/1 tex linen weft yarn – 2153.33 mm/s 
and for fabrics of 41/1 tex polyester-lin-
en blend weft yarn at a weft density of  
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0.05% significance level) by the number 
of yarn folds, weft density and their inter-
action. Among the 100% linen fabrics, the 
highest wetting time for the top surfaces 
was obtained for fabrics with two-folded 
100% linen weft yarns, whereas minimum 
values were found in fabrics with three 
folded 100% linen weft yarns. The max-
imum wetting time for both top and bot-
tom surfaces was observed in fabrics with 
a weft density of 12, whereas minimum 
values were seen in fabrics with a weft 
density of 10. Among the polyester-linen 
fabrics, fabrics with two-folded polyes-
ter-linen yarn had maximum wetting times 
for both surfaces. The maximum wetting 
times for the top and bottom surfaces were 
found in fabrics with a weft density of 16 
and minimum wetting times belonged to 
fabrics with a weft density of 18. Fabrics 
with polyester-linen weft yarn revealed 
higher bottom-absorption rate (%/s) val-
ues when compared with those(%/s) of 
fabrics with linen weft yarns. Among the 
100% linen fabrics, those with two-fold-
ed weft yarns revealed the highest ab-
sorption rates (%/s) for top and bottom 
surfaces, whereas fabrics with one-fold 
weft yarns had the minimum absorption 
rates (%/s). There was also an increasing 
trend for the absorption rates (%/s) of the 
top and bottom surfaces of linen fabrics as 
the weft density increased from 8 to 12.  
Among 80% Polyester 20% Linen fabrics, 
as the number of yarn folds increased, the 
absorption rates (%/s) of top surfaces ex-
hibited some fluctuation, whereas there 
was an overall downward trend for those 
(%/s) of the bottom surfaces of polyes-
ter-linen fabrics. The weft density incre-
ment resulted in a downward trend for 
the absorption rates (%/s) of top surfaces; 
however, this trend was not clear for the 
bottom surfaces of polyester-linen fabrics.

Among the 100% linen fabrics, the max-
imum spreading speed (mm/s) was ob-
tained for fabrics with 104/2 tex yarn at 
a weft density of 8-2.8 mm/s for the top 
surface and 4.2 mm/s for the bottom 
surface. When considering the fabrics 
with polyester-linen weft yarn, the low-
est spreading speed (mm/s) belonged to 
those with 41/2 tex yarn at a weft density 
of 16 – “0” mm/s for the top surface and 
“0.3” mm/s for the bottom surface, which 
means the fabric has very low spreading 
speed according to the MMT test cata-
logue (Table 2). Additionally the fabric 
groups with polyester-linen blend weft 
yarns had a much higher accumulative 
one-way transport index when compared 
to those with 100% linen weft yarn. This 

was attributed to the fact that polyester fi-
bres can pass moisture from the inner to 
outer surface of the fabrics more easily 
than linen fibres. The general trend for the 
overall moisture management capacity re-
sults (OMMC) of the fabrics (Figure 9) 
was similar to Figure 8 (one-way accu-
mulated transport index), which indicated 
that the two terms “AOTI” and “OMMC” 
were highly interrelated. There was a de-
creasing trend in air permeability values 
for both 100% linen and polyester-linen 
fabrics as the yarn fold and weft density 
increased. This study has evidenced that 
the structural properties of fabrics such as 
the yarn type, yarn count, number of yarn 
folds, weft density as well as the fibre type 
and their content ratio (%) may influence 
the moisture management and air permea-
bility properties of fabrics.
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