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AB8TRACT

This paper examines the vertical and horizontal wicking or
movement of water along a strip of textile material, a common
method of evaluating the wicking behaviour of fabrics. It was
found that the fabrics of this study contain imperfect
capillaries, with no one property, other than gross surface
characteristics, universally contributing to their wicking
behaviour. It was concluded that the wicking behaviour of each
fabric must be determined individually.

RESUME

Ce rapport decrit l'examen de l'effet meche vertical et
longitudinal de l'eau d'une lisiere de tissu. Il s'agit d'une
mdthode commune pour l'evaluation du comportement de l'effet
m~che des tissus. Cette 6tude nous a permis de decouvrir que les
tissus analyses contiennent des capillaires imparfaits. Aucune
propridte physique ne contribue au comportement de l'effet de
m~che des tissus, a l'exeption des caracteristiques de la surface
brute. Nous avons conclu que le comportement de l'effet meche de
chaque tissu doit &tre determine individuellement.
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EXECUTIVE SUMMARY

The movement or wicking of water in fabrics is of current
interest because of the recent introduction of fibres, yarns and
fabrics which manufacturers claim impart great personal comfort
to the wearer. This comfort is said to be due to the fibre, yarn
or fabric's ability to wick perspiration away from the skin,
leaving the wearer dry and warm. As part of an on-going study on
the movement of water in and through textile materlais, tnis
paper examines the vertical and horizontal wicking of water along
a strip of textile material, a common method of evaluating the
wicking behaviour of fabrics.

Seven fabrics of varying fibre content and physical
properties were examined. The majority of the fabrics wicked
similarly to theoretical capillaries, with the water moving
quickly along the fabric and then slowing up with time. This was
the case whether gravity was involved or not, i.e. whether the
sample was vertical or horizontal. However, only in two tests did
the fabrics wick according to the classical equation for liquid
movement in capillaries. It was concluded that textile fabrics
contain imperfect capillaries, with no one property, other than
gross surface characteristics such as "troughs" on the surface,
universally contributing to their wicking behaviour. Therefore,
the wicking behaviour of each fabric must be determined
individually, rather than being predicted from the classical
wicking equation.
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INTRODUCTION

The movement of liquids in fabrics by wicking (as opposed to
by pressure) is of current interest because of the recent
introduction of fibres, yarns and fabrics which manufacturers
claim impart great personal comfort to the wearer. This comfort
is said to be due to the fibre, yarn or fabric's ability to wick
perspiration away from the skin, leaving the wearer dry and warm.
As part of an on-going study on the movement of water in and
through textile materials (1,2,3), this paper examines a common
method of comparing the wicking behaviour of fabrics, namely, the
vertical and horizontal wicking of water along a strip of textile
material. It is noted that this method may be more applicable to
materials in heat pipes or kerosene lanterns than to clothing.

Review of Literature

Harnett and Mehta (4) compared various laboratory test
methods for measuring wicking. They concluded that measuring the
wicking heights in various fabrics only gives some indication of
the rate of advance of the liquid front and would be more
valuable if linked with mass transfer rates.

Minor and Schwartz (5) give the equation for the rate at
which a liquid front advances in a fabric where the effect of
gravity is negligible as

s = kt1 /2

where s is the distance travelled, t the time and k the constant
characteristic of the yarn-liquid system. The plot of this
equation is shown in Figure 1. They theorized that high twist
yarns or plied yarns should wick water further along the fabric.

Time

Figure 1. Theoretical wicking behaviour in capillaries.
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Hollies et al (5) studied the capillary transport in yarns
and found that it followed the above classical relationship for
nylon yarns which varied in twist, number of fibres and mean
capillary radius. They then took yarns taken from nylon, wool and
wool blended serge fabrics and varied their twists. They found
that at low (20 twists/10 cm) and high (120 twists/10 cm) yarn
twists, the water transport rate was lower than at the
intermediate values (40 twists/10 cm). At the lower twists, they
concluded this was caused by a substantial reduction in number
and continuity of interfibre capillaries. At the higher twists,
the capillary spaces between the yarns would approach zero, thus
retarding the flow of water along the yarn.

In Part II of their paper (6), they examined the horizontal
wicking characteristics of a range of fabrics. They found that
the amount of water transported by a fabric depends on its water-
holding capacity and on the rate with which the water travels
through the fabric. They again found that there is a linear
relationship between the square of the distance travelled and
time. They also found that not all of their curves passed
through the origin. They measured the water transpcrt in yarns
taken from the fabric and found the wicking behaviour to be
similar. They concluded that the effects of change in yarn
twist, fibre denier and yarn size would also be evident in the
water transport rates of the fabrics. They found that the wool
blends tended to have lower water transport rates than fabrics of
all synthetic or cotton content. They attributed this to the
random arrangement of the wool fibres in the yarns. In a second
series, they compared the wicking of acrylic/wool blends and
could not predict the wicking properties. They concluded that
this was due to the fibre randomness.

Method

To measure the vertical and horizontal wicking of the
fabrics, a sample holder was made consisting of a row of common
household pins mounted at intervals of 0.25 cm in a strip of 0.3
cm thick plexiglass so that their points protrude about 0.5 cm.
Each pin was connected to a computer-controlled data acquisition
relay assembly. The resistance between the first or common pin
and each of the other pins were measured and recorded by the
computer at a preset sampling rate. When the wicking water
reached any pin beyond the common pin, this event was marked by
an abrupt drop in resistance. The number of pins monitored and
the sampling rate could be varied to match the wicking properties
of the fabric. For faster wicking fabrics, more pins were
monitored and the sampling rate increased. Typically, 12 to 15
pins were monitored at rates from I to 120 pins per minute. The
experiment was terminated when the water had wicked along the
sample about 25 to 40 mm or after about 25 minutes, whichever
happened first.

2



Prior to the experiments, the samples were conditioned for
at least 24h in a room having the atmosphere controlled at 20°C
and 65% relative humidity (R.H.). The experiments were also done
in this room. A fabric sample, 2.5 cm wide and 10 cm long was
mounted on the sample holder so that the pins penetrated the
sample on its centre line. Care was taken to make sure the
sample did not touch the plexiglass. Relative positions were
ad usted so that 1 cm of the sample was immersed in distilled
water and the water level was at the common pin. The computer
was activated as the water started to wick up or along the fabric
strip.

The horizontal wicking experiments were done in similar
fashion with the sample holder rotated to a horizontal attitude.
It was sometimes necessary to direct the lower end of the sample
into the water by means of a rubber band around the end of the
plexiglass and over the sample.

The fabrics used were from Testfabrics Incorporated, New
Jersey, U.S.A. and their. pertinent physical properties are given
in Tables la and lb. The "warp" and "weft" yarn properties of
nylon knit are not included in Table lb because the "warp" and
"weft" yarns in knits are one in the same. The fabrics were
selected mainly because they wicked at reasonable rates and in
such quantities that there was sufficient water to short circuit
the pins and thus give a reading. Experiments were done in both
the warp and weft directions.

Table la. Pertinent Physical Properties of the Fabrics

Fibre Weave Yarn Thickness Mass Count
mm (g/m 2 ) Yarns/cm

Nylon Knit double cf* 1.02 215 12x16
knit

Wool Challis plain staple 0.46 124 22x28

Silk plain cf 0.15 60 42x34
Broadcloth I

Silk Noil plain cf, 0.58 144 21x20
slubs 1

Linen plain staple 0.20 89 22x18

Linen, Heavy plain staple 0.38 223 14x15

Cotton, plain staple 0.41 155 22x17
Lightweight .. ..

Cotton Duck plain staple 0.58 328 21x17

* continuous filament
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Table lb. Pertinent Physical Properties of the Fabrics Continued

Fabric % Water in % Water in Twist of 1 Twist of
Description Warp Yarns Weft Yarns Warp Yarns Weft Yarns

_........... ....._per 10 cm per 10 cm

Wool Challis 106 107 71 2-ply 45
30

Silk 138 167 65 2-ply 55
Broadcloth 31

Silk Noil 200 283 57 60

Linen 125 83 41 46

Linen Heavy 96 109 36 32

Cotton, 173 143 45 58
Lightweight .....

Cotton Duck 159 193 46 2-ply 46 2-ply
35 52

To confirm the precision of the experimental procedure, the
water was coloured with red ink and several experiments were done
as described above while the advance of the water front was
simultaneously recorded and observed visually. The correlation
of the two sets of data was extremely good.

In order to determine the reproducibility of the method, the
experiments on several fabrics were carried out on four
occasions. Typical results are shown in Figure 2.

I . . . . .. . . . . . . . . . . . . . . . . . . . . . . ... . .... .. ......

Time

Figure 2. Typical Wicking Results
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The basic shape of the wicking curves is the same, only the
placement on the Y-axis differs. This is considered to be due to
the variability in the specimen's readiness to start to wick or
the "priming" factor. This variability is probably due to uneven
finishing of the fabric. This result duplicates Hollies results
(7) in which his plots of distance versus the square of time did
not pass through zero. Because of the excellent reproducibility
in our the wicking e;tperiments when the priming factor is
eliminated, only one test was done for each fabric.

Experimental Limitations

The experiment is limited by the operating characteristics
of the apparatus. For instance, the fabrics were selected
because they held sufficient water to cause a short circuit
between the common pin and each successive pin. With the
exception of the nylon double knit, the fabrics which were
selected with this characteristic were made from natural fibres
which tend to have thicker yarns. Further, the data acquisition
system was such that only a finite number of readings could be
made during any experimental run. If the fabric wicked very
quickly, many readings per unit time were made and so the
experiment would have to be terminated, say, after 100s. This
contrasted with experiments in which the fabric wicked very
slowly, and were stopped after about 1500s. This was done
because it was thought that evaporation of water from the wicking
sample would introduce an error into the results.

Experimental Results and Discussion

The experimental results of the vertical and horizontal
wicking for both the warp and weft directions are shown in
Figures 3 through 10.
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Figure 3. The Wicking Behaviour of Nylon Knit
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Figure 4. The Wicking Behaviour of Wool Challis
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Silk Broadcloth
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Figure 5. The Wicking Behaviour of Silk Broadcloth
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Figure 6. The Wicking Behaviour of Silk Noil
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Linen
25

20

SWeft vertical

0 Weft Horizontal

0 50 100 150 200 250 300

T~ime (seconds)

Figure 7. The Wicking Behtaviour of Linen
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Figure 9. The Wicking Behaviour of Cotton Lightweight
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Figure 9 0. The Wicking Behaviour of Cotton Duck
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The graphs show that the majority of the fabrics wicked
similarly to theoretical capillaries, with the water moving
quickly along the fabric and then slowing up with time. There
were some fabrics for which the wicking was at a constant rate,
and within the constraints of this experiment, wicking had not
yet started to slow with time. This mainly occurred in the
horizontal direction.

Table 3. summary of Wicking Results

Fabric Wicking Behaviour Distinctive
SDuring Experiment Characteristic

Nylon Knit Horizontal faster and Cross-sectional
S....farther . . .. troughs

Silk Horizontal faster and 42x34 count
Broadcloth farther 2-ply warp yarn

Linen,Heavy Vertical faster and None
higher

Linen Warp faster and higher More water in warp
S...yarns

Wool Challis Weft horizontal slower 2-ply warp yarns
and shorter

Cotton, Weft horizontal slower Higher twist weft
...Lightweight .... yarns

Silk Noil warp vertical slower More water in weft
and lower yarns

Cotton Duck All similar Higher twist ply yarns
in weft
More -water in weft

The above Table shows that this group of fabrics did not
wick in a consistent, similar manner. When lines of best fit for
each curve was determined, only the silk broadcloth, weft
vertical and the nylon double knit, weft vertical gave the
classic s = ktI/2 equation.

However, in a couple of instances, a unique physical
property of a fabric can explain its wicking behaviour. For
instance, the nylon double knit wicked quicker horizontally than
vertically in both the warp and weft directions. Examination of
this double knit showed that it has distinct paths or troughs on
its surface. Thus when it was in the horizontal position, the
water ran in these troughs, as well as wicking along the yarns.
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No explanation could be found for why the silk broadcloth
wicked more quickly in the horizontal than in the vertical
position. From its distinctive characteristics, one would have
thought that there would have been a difference between the warp
and weft rather than between vertical and horizontal. Likewise,
the heavy linen had no distinctive characteristics which would
indicate why it wicked more quickly in the vertical rather than
the horizontal direction.

An explanation can be given for the lightweight linen which
wicked higher and faster in the warp than in the weft direction.
The warp yarns absorbed considerably more water than the weft
yarns (103% versus 83%) . In the experiments with the dye and the
woven fabrics, it was observed that there were usually two
"fronts" which moved up the strip of fabric. The first front was
the water going up the yarns which had one end immersed in the
beaker of water and the second front was the water wicking from
these yarns to and along the cross yarns. Thus the rate of
wicking depended on two factors, the rate at which water was
drawn up the yarns which had their ends in the water and the rate
at which water was "bled" off these yarns to fill the cross
yarns. As a corollary to latter statement, the rate of wicking up
the yarns depended on how much water had to be bled into the
cross yarns to fill them to capacity. Thus as the water moved up
the linen in the weft direction, considerable amounts of water
were bled off to fill up the warp yarns, slowing the wicking rate
in the weft direction.

Not supporting the above explanation are the silk noil and
the cotton duck which should have wicked more quickly in the weft
direction since their weft yarns held more water than the warp
yarns.

As detailed in the literature review, plied yarns and yarns
of intermediate twist should wick water higher. This is not
borne out by the inconsistent behaviour of the wool challis, the
lightweight cotton and the cotton duck which have either plied
yarns or yarns of distinctly differing twists.

conclusion

Textiles fabrics contain imperfect capillaries, with no one
property, other than gross surface characteristics such as the
troughs on the surface of the double knit, universally
contributing to their wicking behaviour. Therefore, the wicking
behaviour of each fabric must be determined individually.
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