
 

 

Bimodal behaviour in fabric drying 
kinetics: an interpretation of modes 
 

Abstract 
Thermo-physiological comfort is an essential property attributed to fabrics. Perceived comfort can be 
related to the delay in the user experiencing the ambient conditions and the manner in which the 
fabric manages liquid water. A multitude of material characteristics, ranging from the surface 
chemistry of the fibres, yarn packing and knit geometry affect perceived comfort. Standard measures 
of thermal and evaporative resistance characterise the fabric response at steady state and do not 
provide insight into the thermal/vapour balance kinetics under dynamic conditions. While 
investigating an existing dynamic test, ISO 13029:2012, for relating fabric properties to comfort, we 
observed that the fabric drying kinetics exhibit bimodal behaviour. Here, we describe the mechanism 
that leads to observed bimodal kinetics. While the standard measures the time taken to reach steady 
state, we use the power profile of the modes to derive quantitative metrics to characterise fabric 
properties. The derived metrics are based on observation that the heat of wetting is nearly a constant 
for a given relative humidity for a material; and, the heat of sorption per unit of absorbed water is 
identical for a wide range of fabrics. The derived metrics distinguished different fibre types, and fabric 
geometries. The proposed metrics are easily calculated from the experimental observations without 
requiring any modification to the standard test.  

Introduction 
Clothing is an essential accessory to human life. While it plays a major role in many aspects of human 
life, thermo-physiological comfort is a key factor that determines its wider appeal. The term ‘comfort’ 
relates to human sensory experience with the material and involves the interaction of physiological, 
psychological and physical factors. Here, thermo-physiological comfort refers to the modulation of 
human perception of temperature and humidity with respect to the external environment. 
Specifically, in terms of fabric function this is interpreted as how well the fabric can evaporate excess 
surface liquid, act as a thermal barrier and delay the experience of ambient moisture and temperature 
conditions.  
Some fabric properties that influence thermal comfort include the knit geometry, organization of 
fibres in the yarns, and the material properties of the constituent fibres. Often, human activity involves 
a range of environmental conditions; for instance, next to skin fabrics are exposed to a range of 
thermo-regulatory effects such as sweating. The complicated interaction between fluid phases (gas, 
sweat, water etc.) and constituent fibres results in the emergent-comfort-perception of the fabric1–3.  
Quantifiable metrics are necessary to relate thermo-physiological comfort to physical properties of 
fabrics. Two common properties that are widely measured are the fabric’s thermal resistance (𝑅𝑐𝑡) 
and water vapour evaporative resistance (𝑅𝑒𝑡). These properties determine the fabric’s response to 
ambient temperature and water/vapour variations. A fabric with high thermal resistance protects the 
wearer from ambient temperature changes or extremes. However, it would feel uncomfortable when 
worn under vigorous activity, as it dissipates the heat generated by the body very slowly. Similarly, 
sweat accumulates in clothing during vigorous activity. While fabric with low evaporative resistance 
would quickly remove the excess moisture, it will also result in fast cooling and quicker thermal 
balance across the fabric.  
𝑅𝑒𝑡 has been associated with fabric breathability4–6; however, it does not distinguish between 
garments produced with hygroscopic versus non-hygroscopic fibres. Hygroscopic fibres buffer water 
and studies have reported that fabrics made of these fibres provide better breathability and comfort2. 
 



 

 

Perception of comfort is also impacted by liquid water buffered within the fabric and the rate at which 
moisture is removed or thermal equilibrium is re-established7–9. For instance, consider the situation 
when the body returns to resting state after vigorous activity. The metabolic rate decreases and 
evaporative cooling is no longer required. In such a situation, the body stops sweating but, if the 
moisture in clothing continues to evaporate, it provides unexpected cooling and is perceived as 
discomfort. Such dynamic situations require the measurement of fabric’s buffering and drying kinetics.  
Several standards 10–12 have been developed to determine drying properties and drying times of 
fabrics. The ISO 17617 test protocol measures the mass of water within a sample every 5 minutes over 
a period of 60 minutes and the drying rate is calculated from the least squares fit of the water mass. 
The test is well suited for fabrics with good wetting characteristics and often applied to samples in 
which moisture is absorbed within 60 seconds from the surface of the fabric.  
The ISO 13029 test protocol measures the energy required for evaporation of moisture in the 
specimen as opposed to the time required for physical evaporation of water. This test protocol uses 
the existing sweating guarded hotplate (SGHP) equipment. Other studies have attempted to study 
physical characteristics that influence thermo-physiological comfort under dynamic conditions. These 
typically involve custom equipment requiring substantial instrumentation development or acquisition. 
Barker et al13 proposed a method where pulsed moisture loads are applied to one side of the fabric 
with the aim of simulating the microclimate between the fabric and skin. Kaplan et al14 modified the 
SGHP apparatus to dynamically perturb temperature, relative humidity, and measure the equilibration 
process. Kim et al15 have developed an experimental setup to replicate sudden change in 
environmental conditions using two connected chambers.  
The sweating guarded hotplate is the most widely used testing apparatus to measure fabric properties 
that could be used to characterise perceived comfort 16,17. The device is able to simulate both heat and 
moisture transfer from the body surface through the fabric layers to ambient conditions. The device 
measures both the thermal resistance and water vapour resistance of fabrics and is the basis for ISO 
11092 test. However, these tests are conducted under steady state conditions. Given that human daily 
activities rarely occur under steady state conditions, it can be expected fabrics are also subject to non-
equilibrium thermal and moisture conditions. The ISO 13029 test method 11 has been developed to 
determine drying kinetics under such dynamic conditions.  

 
Figure 1: Input power profile for a 50% Merino type wool & 50% Lyocell single jersey knit sample. The input power profile is 
noisy; the drying extents are identified based on the slope of the profile after the introduction of liquid water. The broken 
lines capturing the stage extents are plotted against the profile and the equations are printed next to the lines. The line y = 
-1.216E-04x + 5.553 captures stage one and the line y = -5.760E-04x + 7.783 captures stage two. 



 

 

 
When we performed the ISO 13029 test, we observed that the drying kinetics (see Figure 1) show an 
interesting bimodal behaviour. To the best of our knowledge, this behaviour has not been widely 
discussed or analysed in the textile literature. We analysed the physics leading to this behaviour and 
found that certain characteristics of the drying kinetics profile are characteristic of the underlying 
fabric geometry and material composition. 
 
The paper is organized as follows; we begin by presenting the physics that gives rise to the observed 
drying kinetics. We then define metrics, based on the dynamic drying profile, that can be used to 
characterise comfort related properties. Following this, the materials used for testing, and the 
experimental and numerical methods used for determining the metrics are presented. We then 
present the results from the experiments, and discuss the non-linear relationship between fabric 
geometry, yarn material type, and metrics using the dynamic fabric testing protocol. Finally, we 
present our conclusions and potential items for future work.  

Fabric drying kinetics 
The drying kinetics of a wet fabric can be divided in two drying stages. A schematic representation of 
the two stage drying process is shown in Figure 2. In the first stage, wet fabric having an excess of 
liquid gains sensible heat1. Liquid vaporization begins at the exposed surface, which is covered by a 
film of liquid water. The process of evaporation from the surface results in decrease of the liquid 
volume and increases the exposed-surface-area of the fibres. Eventually, the outer surface dries out 
and the porous fabric is exposed to the ambient temperature and humidity. From this moment, the 
front of liquid evaporation moves into the fabric surface, i.e. into the wet yarn interior, and the second 
stage of drying begins.  
In the second stage, the surrounding fibres hinder (through surface chemistry and packing geometry) 
the drying of the yarn interior. The second stage continues until the fabric’s moisture content is at 

                                                           
1 The heat energy stored in the fabric as a result of increase in its temperature. This is the quantum of heat 
energy that is either absorbed or transmitted during change of temperature and is not accompanied by a change 
of state. 

 
Figure 1: Schematic of the fabric drying process. The initial peak is due to the heat absorbed to raise the added water 
temperature to 35 ℃. Following this, the input power kinetics are driven by vaporization of liquid water. 



 

 

equilibrium with the ambient. After this stage, the drying process stops and the fabric heats up to be 
at thermal equilibrium with the drying medium. We wish to highlight the intimate interactions 
between phases in the second stage of drying. This results in the profile of observed drying rate and 
is characteristic of the material type and not just the fabric geometry. 

Metrics based on drying kinetics 
The ISO 13029:2012 dynamic test 11, utilizes the total drying time to characterise the drying kinetics. 
Here, we identify the different drying stages from the kinetic profile, and consider 1) rate at which 
excess water is removed, 2) the amount of water in the yarn space prior at the start of the second 
drying stage (henceforth referred to as buffered water) and 3) the rate at which steady state is 
returned. 
The drying rate of the first stage (henceforth referred to as stage one drying rate) is a measure of the 
speed with which the fabric can eliminate surface liquid water. It is well know that fabrics have a 
characteristic surface liquid water elimination profile and this measure captures this characteristic. 
From a sensory perspective, this metric can be used to characterise the discomfort felt due to fabric 
wetness. 
The amount of buffered water prior to the second drying stage is an approximate measure of the 
amount of latent heat that the fabric can release. This is an emergent property influenced by the 
surface chemistry of constituent fibres, and the void space organization within the yarn and the knit. 
Hence, this is a measure of both material and geometric properties of the fabric. From a sensory 
perspective, this metric can be used to characterise delays in experiencing ambient changes. 
The drying rate of the second stage (henceforth referred to as stage two drying rate) is an approximate 
measure of the moisture buffering capacity of the fabric as it characterises the speed with which 
moisture is eliminated from within the fabric mesh. The stage two drying rate essentially characterises 
the ability of the fabric to transmit heat flux. From a sensory perspective, this may be associated with 
the breathability of the fabric. 

Material and Methods 
Materials 
In this study, we used fabrics composed of three types of materials, a) natural protein fibre - merino 
type wool, b) man-made fibre, artificial - regenerated cellulose (Lyocell) and c) man-made fibre, 
synthetic - CD (cationic dyeable) polyester. Three intimately blended fabric samples and a 100% 
merino type wool fabric sample were tested in triplicate, the sample size (300 mm × 300 mm) was 
sufficient to completely cover the surface of the sweating guarded hotplate’s measuring unit and 
temperature guard. Finished fabrics samples were supplied by Designer Textiles International, Ltd, 
New Zealand. The production parameters and blend properties of these samples are listed in Table 1. 
All yarns were of single type and with linear density of 60Nm (16.67 tex). The samples were 
conditioned for a minimum 12 hours at 35℃ and 40% RH. We used matched single jersey knit fabrics 
to eliminate complexities introduced by the knit geometry. All the fabric production and finishing 
parameters were consistent where as possible. 
Table 1: Composition and properties of fabric samples that were tested. 

Fabric # Composition 
nominal density 150 g/m2 

Twist Factor 
(twists/cm) 

Stitch length  
(mm) 

Courses  
(/cm) 

Wales  
(/cm) 

Thickness 
(cm) 

Linear Density 
(Nm) 

4033 100% Merino type wool                            6.9 2.62 18 19 0.040 60 

4959 65% Merino type wool  
35% CD* Poly  

6.9 2.62 18 19 0.028 60 

4920 50% Merino type wool 
50% CD* Poly  

6.9 2.62 18 19 0.040 60 

4918 50% Merino type wool 
50% Lyocell     

6.9 2.44 19 18 0.030 60 

 * Cationic dyeable polyester 



 

 

Methods 
A sweating guarded hot plate (SGHP) was constructed consistent with the ISO 13029:2012 standard 
except a smaller hot plate was utilised. The circular hot plate’s effective area was 0.011 m2, compared 
with 0.040 m2 in the ISO standard. Therefore, the amount of water applied to the surface was reduced 
from 5 mL to 1.4 mL based on dimensional analysis. The SGHP device was designed to operate within 
an environmental chamber (KMF 240 E5.4, Binder GmbH, Germany), which regulates the ambient air 
conditions. Custom-designed software controls the SGHP components and records relevant data 
during fabric tests, including the determination of device baseline constants for thermal, water-
vapour, and drying experiments.  
The drying experiment followed the standard water-vapour evaporative test (ISO 11092:2014), where 
the chamber and the hot plate temperature was 35°C, the chamber humidity was 40% RH and the air 
speed was 1 m/s. Once the input power reached steady state, 1.4 mL of distilled water at 20°C was 
applied from a height of 50 mm onto the technical face of the fabric. Heating and evaporation of the 
added water, caused the power input to the hot plate to increase, as it is related to the rate mass of 
water being evaporated,  

𝑞 = �̇� ∙ ∆ℎ𝑣𝑎𝑝.      (1) 

Here, 𝑞 is the heat flux (power input (W)) required to maintain a constant hot plate temperature. 𝑞 is 
directly proportional to the transport rate of water vapour through the textile (�̇�), which equals the 
rate of water evaporation;  ∆ℎ𝑣𝑎𝑝 is the water vaporisation enthalpy. The drying kinetics can be 

determined from 𝑞(𝑡), consequently the power input to maintain the hot plate at 35°C was recorded 
at a sample rate of 4 Hz. 
 

Determining drying stages and rates 
Drying rates for the two stages were determined from the input power profiles. The power input 
spikes when water is introduced, and gradually returns to a steady state. The input power profile is 
noisy and the extents for each drying stage were manually identified. A line was fit on the power 
profile from where a stage starts to where it ends. Figure 1 shows, the input power profile for a sample 
of 4918 along with the extents of the drying stages. 
 

Determining the amount of buffered water 
Figure 3 shows the heat of sorption for common textile fibres18. The heat of sorption can be divided 
into two components- the heat of vaporization and the heat of wetting. The heat of wetting is the 
heat that is released if liquid water is added to a fibre. In Figure 3, it is the difference between the 
heat of sorption and the heat of vaporization curves. The heat of vaporization corresponds to the hot 
plate input power measured during water-vapour resistance tests, once the sample has reached 
steady-state. 

 
Figure 3: Heat of sorption for typical fibres used in clothing. Reproduced Fig. 12.3 from Jones at al. 18 



 

 

Based on this observation, the amount of buffered water at the beginning of the second stage of 
drying can be determined as follows. The mass of water evaporated due to the input power over a 
time period, 𝑑 = 𝑒 − 𝑠, can be computed using (2) as 

𝑚 = ∫
𝑞−𝑞𝑣

∆ℎ𝑣𝑎𝑝

𝑒

𝑠
𝑑𝑡.      (2) 

Here 𝑞𝑣 is the heat of vaporization, ∆ℎ𝑣𝑎𝑝 is the enthalpy of vaporization in  𝐽𝑘𝑔−1 and is calculated 

for given surface temperature 𝑇 in Kelvin as19 
∆ℎ𝑣𝑎𝑝 = 2.792 × 106 − 160.0𝑇 − 3.43𝑇2.    (3) 

Given the amount of water that is added at the beginning of the test (1.4 × 10−3 𝑘𝑔), the amount of 
water remaining at the end of wet drying stage (𝑚𝐿) can be approximately computed using (3) as 

𝑚𝐿 = 1.4 × 10−3 − ∫
𝑞−𝑞𝑣

∆ℎ𝑣𝑎𝑝

𝑑

0
𝑑𝑡.     (4) 

This quantity can be numerically computed from the recorded input power profile. The steady-state 
power input, 𝑞𝑣, was offset to determine the power required to evaporate excess water. 
 

Determining fabric structural parameters 
The porosity and thickness of the samples were determined by imaging the samples using microCT 
(SkyScan 1272, Bruker Nano GmbH, Germany) at 1 𝜇𝑚 resolution under stress free conditions. The 
resulting voxels were processed using SkyScan CT-analyser and CT-Volume software. The processed 
images were divided into four quadrants of same surface area. The porosity and thickness of fabrics 
were determined for each quadrant. The mean and standard deviation values are reported in Table 2.  
 
Table 2: Measured porosity and thickness of the fabric samples. 

Fabric # Porosity Thickness (mm) 

Mean Standard 
Deviation 

Mean Standard 
Deviation  

4033 86.42 ±0.32 0.40  ±0.013 

4959 88.60  ±0.12 0.28  ±0.004 

4920 88.06 ±0.19 0.40  ±0.009 

4918 91.49 ±0.07 0.30 ±0.007 

 

Computing the Variable Importance in Projection score 
A Partial Least Squares(PLS) Model20 to predict the steady state and dynamic measurements (response 
variables) based on fabric geometry and material volume fraction (predictor variables) was created 
using the sklearn PLSR package21. The number of components was set to be the number of predictor 
variables. The NIPALS algorithm was used for model fitting. 

The Variable Importance in Projection score, (𝑣𝑦), for a response variable 𝑦  is computed using the 

formula22 

𝑣𝑦 = √𝑝 ∑ [(𝑞𝑎
2𝑡′

𝑎𝑡𝑎)(𝑤𝑎 ‖𝑤𝑎‖⁄ )2]
𝑛

𝑎=1
/ ∑ (𝑞𝑎

2𝑡′
𝑎𝑡𝑎)

𝑛

𝑎=1
.   (5) 

Here 𝑛 is the number of components, the scores (𝑡𝑎), weights (𝑤𝑎), x-loadings (𝑝), and y-loadings 
(𝑞𝑎) for all components 𝑎 are computed when the PLS model is fit. 

Results 
Established steady-state metric measurements 
The average steady-state thermal resistance, evaporative resistance, and drying time as per 
ISO 11092:2014 and ISO 13029:2012 standards for the four samples are listed in Table 3 and plotted 
in Figure 4. 
 
 



 

 

 
Table 3: Measured steady-state thermal resistance 𝑅𝑐𝑡, water vapour resistance 𝑅𝑒𝑡, and drying times for the samples. 

 
Sample 

𝑹𝒄𝒕 (𝒎𝟐𝑲 𝑾⁄ ) 𝑹𝒆𝒕 (𝒎𝟐𝑷𝒂 𝑾⁄ ) Drying time (s) 

Mean Standard 
Deviation 

Mean Deviation Mean Standard 
Deviation 

4033 0.0169 ±0.0010 3.23 ±0.13 2020 ±24 

4959 0.0131 ±0.0021 3.04 ±0.06 2382 ±112 

4920 0.0165 ±0.0007 3.09 ±0.04 1692 ±90 

4918 0.0116 ±0.0011 3.33 ±0.08 2245 ±18 

 

   
(a) (b) (c) 

Figure 4: Chart of (a) Thermal resistance, (b) Evaporative resistance and (c) Drying rate values. The plot items are arranged 
such that 100% merino type wool is the left-most item, the others being 35%, 50% CD Poly intimate blends and the right-
most item is 50% Lyocell blend. The error bars indicate standard deviation. 

While evaporative resistance does not vary much with the blend, the thermal resistance shows 
dependence on the material. The drying time also exhibits a trend (not plotted) and as expected, it is 
negatively correlated (correlation coefficient of -0.78) with the thermal resistance. 

 

Drying rate, amount of buffered water calculations 
The drying rates for stage one and two, along with the amount of buffered water at the beginning of 
the stage two were computed as described in the methods section. The results for the four samples 
are listed in Table 4 and plotted in Figure 5. 
 
Table 4: Measured Rates of drying at stage 1 and stage 2 of the bimodal drying kinetics, along with the calculated buffered 
water values. 

Sample Stage 1  
Rate 

× 𝟏𝟎−𝟒𝒌𝒈𝒔−𝟏 

Standard 
Deviation 

× 𝟏𝟎−𝟒𝒌𝒈𝒔−𝟏 

Stage 2  
Rate 

× 𝟏𝟎−𝟒𝒌𝒈𝒔−𝟏 

Standard 
Deviation 

× 𝟏𝟎−𝟒𝒌𝒈𝒔−𝟏 

Buffered 
Water 

× 𝟏𝟎−𝟑𝒌𝒈 

Standard 
Deviation 
× 𝟏𝟎−𝟓𝒌𝒈 

4033 -2.14 0.554 -7.39 1.600 1.02 1.52 

4959 -2.14 0.435 -5.38 0.608 1.09 8.04 

4920 -3.21 0.623 -2.45 4.910 1.06 1.32 

4918 -1.21 0.373 -6.11 2.950 1.20 8.00 



 

 

 
Figure 5: Chart of the buffered water and drying rate (axis values are inverted to enable comparison with buffered water 
values) values computed from drying power kinetics. The error bars indicate standard deviation. 

Discussion 
As shown in Figure 4, the evaporative resistance does not substantially vary across blends. The thermal 
resistance, however, varies with the blend material’s volume fraction. The variation seems to capture 
the blend material specific characteristics- as 50% blend of Lyocell and CD polyester demonstrate 
significant differences. It also appears that in the case of merino type wool, the effective thermal 
resistance reduces with the reduction of merino type wool volume fraction. To determine if the new 
metrics provides any new information compared to the steady state resistance values, we analysed 
the influence of fabric geometry and fabric composition on these metrics through statistical analysis. 
The Variable Importance in Projection (VIP) score for geometric and fabric composition values in 
predicting steady state and dynamic drying metrics were computed using Eq. (5) and are tabulated in 
Table 5. VIP score determines the importance of the observable in predicting the measure. A variable 
with VIP score close to or greater than 1 is considered important while variables with VIP scores 
substantially less than 1 are less important and are often excluded from statistical model. 
Table 5: Variable Importance in Projection score for key fabric properties in predicting the drying metrics. Significant values 
highlighted with a dark background. 

Variable 𝑹𝒄𝒕 (𝒎𝟐𝑲 𝑾⁄ ) 
 

𝑹𝒆𝒕 (𝒎𝟐𝑷𝒂 𝑾⁄ ) Stage 1 Stage 2 Buffered 
Water 

Thickness 1.17500 0.30187 1.02810 0.28071 0.88957 

Stitch Length 0.94794 1.67440 1.35210 0.40913 0.80116 

Fabric Porosity 1.12810 1.03940 1.05010 0.37409 0.13460 

Merino Type Wool Fraction 0.66960 0.15762 0.11015 1.90100 1.59650 

 
The results show that both the steady state resistances appear to be strongly dependent on fabric 
properties (Thickness, Stitch Length, Porosity) and are independent of fibre type. In contrast, stage 
two drying rate and the buffered water are strongly dependent on fibre type. This strongly suggests 
that two of the new metrics capture information related to the fibre type and compliment the steady 
state metrics that capture the fabric geometry related characteristics. 
Evaluating perceived comfort is complex and involves factors that cannot be adequately measured 
using the SGHP apparatus alone. Currently, evaluating comfort requires the evaluation of a garment 
by human participants23–25. This is an expensive process from an industrial fabric design process point 
of view, as significant amount of resources and time are required 1) to develop the fabric, 2) design 
the garment, and 3) evaluate using human participants. Multiscale computer models to simulate the 



 

 

role of clothing in thermoregulation is an active research area26–29, such models may assist in in-silico 
evaluation of perceived comfort for fabric design. However, to the best of our knowledge even the 
advanced human thermoregulation models in published literature require fabric and fibre level 
properties to simulate the microenvironment, vapour and thermal balance. Therefore, extracting all 
key physical characteristics of the fabric from SGHP measurements are essential as they inform 
modelling and appropriately constrain the model parameters30.  
Figure 5, shows an interesting result. Pure merino type wool has the smallest amount of buffered 
water, yet has the slowest stage two drying rate. We speculate that this highlights the comfort 
properties associated with merino type wool, especially the lag in equilibrating to the ambient 
conditions and lack of feeling wet.  
When merino type wool is blended with CD polyester, the amount of buffered water increases 
proportional to the volume fraction of polyester. This increase could be attributed to water being 
trapped between the fibres within the yarn pore space. It can also be seen that polyester volume 
fraction affects the drying rates in a nonlinear way. The rate decreases for 50-50 volume fraction, but 
increases again when polyester volume fraction increases. This leads us to believe that the relationship 
between the size of the pore space and the blend ratio is nonlinear, as demonstrated by the results of 
the merino type wool-polyester blends. The Merino type wool-Lyocell blend has the fastest stage one 
drying rate. This points to the increased ability of Lyocell to absorb liquid compared to merino type 
wool.  
While such an analysis can be performed on steady-state resistance rates, we highlight the 
quantitative differences in the measured values and the importance of this difference when making 
statistically significant inferences, for instance in the case of determining the role of the fabric 
geometry vs material properties. 

Conclusion 
This study was an outcome of our desire to understand the observed bimodal drying kinetics exhibited 
by fabrics. While the existing standard tests can discriminate between fabrics of different knit 
geometries, we find that the metrics determined from the drying modes are sensitive to the material 
composition and capture the dynamic behaviour of the fabric, an aspect missed by the steady-state 
resistance measures. 
The proposed measures have clear physical interpretation; the drying rate of the first stage indicates 
the capacity of fabric to get rid of excess surface water. While the amount of buffered water at the 
end of first drying stage is indicative of the amount of latent heat that could be released through 
evaporation of the water. Finally, the rate of drying for the second stage is indicative of the ability of 
fabric to buffer moisture and delay thermal balance across the fabric. Each of these factors may have 
individual appeal based on the target wear-condition. 
Recently Naylor31, presented another metric to determine a fabric’s thermo-physiological comfort 
under dynamic conditions. His method depends on the rapid change in ambient RH and determines 
the moisture buffering capacity of the fabric, whereas we utilize the drying kinematics due to addition 
of liquid water. Our method is well suited for testing conditions where the fabric will be exposed to 
liquid water (sweating etc.). The proposed metrics will complement the measure proposed by Naylor 
when designing fabrics that need to handle a wide range of ambient and body conditions.  
While the number of replicates and samples used in this study are small; the results still suggest that 
the method is viable and can reveal additional information characterizing the fabric. Evaluation on a 
wider range of fabrics with different geometries and fibre composition will be required to confirm it 
as a test method. This is a subject of future work.  
The proposed method and analysis uses an existing ISO standard, and a widely used experimental 
apparatus. We have explained the physics behind the bimodal behaviour, identified major stages in 
fabric drying kinetics when exposed to liquid water, and extracted these stages from the input power 
profile determined from the test method. The measures can be easily calculated without requiring 
any special equipment or modifications to the test protocols.   
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