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Abstract

The indirect evaporative cooling system, which exploits the water evaporation process
to generate cooling loads without introducing additional moisture, has been recognised
as a viable alternative to conventional air-conditioning systems. This acknowledgment
is due to its attributes of energy efficiency and environmental friendliness. The metic-
ulous selection of wetting materials for an indirect evaporative cooler is of paramount
importance as it significantly influences the heat and mass transfer performance of the
system. Therefore, this paper experimentally examined a novel material produced by
laser-resurfaced technology, and this material was compared with four other distinct ma-
terials (kraft paper, cotton fibre, polyester fibre, and polypropylene + nylon fibre) while
considering the wicking ability, water-holding capacity, and thermal response performance.
The results revealed that the fabric materials, specifically cotton fibre and polyester fibre,
exhibited outstanding water-wicking ability, with a vertical wicking distance exceeding
16 cm. Cotton fibre also demonstrated an exceptional water-holding ability, registering a
value of 0.0754 g/cm2. In terms of thermal response performance, polypropylene + nylon
fibre and the laser-resurfaced polymer achieved stable conditions within one minute, which
could be attributed to the absence of a mechanical support plate and adhesive layer. All five
materials attained stability after 4.2 min. Cotton and polyester fibres exhibited advantages
in the duration of the evaporation process, maintaining stable conditions for 24 and 90 min,
respectively. Based on the experimental results, appropriate water-spray strategies are
proposed for each material.

Keywords: indirect evaporative cooling; wetting material; experimental study; evaporation;
moisture wicking

1. Introduction
Evaporative cooling technology (ECT) utilises the latent heat of water evaporation

to generate cooling effects, thus representing a promising alternative to traditional air-
conditioning systems in terms of energy saving [1,2]. According to the working principle of
ECT, the following two main groups can be categorised: direct evaporative cooling (DEC)
and indirect evaporative cooling (IEC) [3]. DEC entails the direct contact of incoming air
with water, resulting in heat dissipation through the evaporation phenomenon concomitant
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with an increase in air humidity [4]. However, the heightened humidity levels can poten-
tially cause uncomfortable thermal conditions and, in more severe instances, may give
rise to health-related issues for individuals inhabiting built structures [5]. This limitation
can be mitigated by employing IEC, which separates the air supply from the working air,
thereby enabling the cooling of air without a concurrent augmentation of its humidity [6].
Due to this feature, IEC has recently garnered significant adoption within evaporative
air-conditioning systems.

In order to enhance the cooling performance of IEC, numerous research studies have
been conducted. In addition to optimising the IEC structure to advance the heat and mass
transfer rates [7–11], substantial efforts have also been made to investigate the evaporation
medium or wetting media within the wet channels. This is because the properties of the
heat and mass transfer medium, including its capacity for water-wicking and evaporation,
can directly influence the cooling efficiency and performance of IEC systems [12].

Kraft paper is one of the most commonly used wetting materials for ECT due to its
hydrophilic nature and low thickness [13]. Khalid et al. [13] utilised 0.3 mm thick kraft
paper as the wet channel material within an IEC system. Their findings indicated that the
wet-bulb and dew point effectiveness exhibited values ranging from 104 to 120% and 67 to
87%, respectively. However, it should be noted that kraft paper’s wicking performance
and diffusion rate do not excel when compared with other textile fibre fabrics and fibre
distortion may become apparent following the drying process [14,15]. Consequently, re-
searchers have embarked on investigating the viability of substituting textile fibres with
kraft paper as the wet channel material for IEC. Riangvilaikul and Kumar [16] presented
an experimental investigation in which cotton fibre was selected as the wet channel ma-
terial. Their research findings revealed that the maintenance of dew point and wet-bulb
effectiveness at approximately 76% and 102%, respectively, was achievable throughout a
typical summer day. Xu et al. [12] conducted an experimental study involving six different
fabric materials for use in IEC applications and subsequently compared their performance
with kraft paper. The results indicated that the majority of the fabrics showed notably
enhanced characteristics compared with kraft paper, with the wicking ability demonstrat-
ing an increase of 171 to 182%, diffusivity showing an enhancement of 298 to 396%, and
evaporation registering an improvement of 77 to 93%. Similarly, Abada et al. [15] performed
an experimental study to identify a prospective substitute material for kraft paper, which
is conventionally employed as a wet substrate in ECT. They observed that certain fabrics
had a water absorption capacity exceeding that of kraft paper by a range of 160 to 355%. In
addition, fabrics with tight straight-weave fibres and polypropylene geotextile felt were
recommended for their potential to enhance the efficiency of IEC. Xu et al. [17] applied
Coolmax, a specially designed polyester fibre characterised by remarkable attributes related
to its water diffusion, absorption, and evaporation capabilities, as the wet channel material
for an IEC system. The results revealed that the engineered prototype yielded a Coefficient
of Performance (COP) of 52.5 and wet-bulb effectiveness of 114%. Chen et al. [18] proposed
a novel visualised study that integrated digital image processing and fluorescence display
technologies to scrutinise both the wetting ratio and thermal performance of a textile fibre
composed of 30% polyester and 70% rayon. The results demonstrated a noteworthy en-
hancement in moisture dissipation capacity with the utilisation of fibre-coated IEC as the
wetting ratio could attain 100% within a mere 30 s timespan.

Given the inherently hydrophilic and pliable characteristics of textile fibres, it is
imperative to incorporate a surface with good mechanical strength to support the fibre
and form the air channel wall, typically achieved through the utilisation of metal plates
such as copper, aluminium, and their respective alloys [19,20]. Yang et al. [20] conducted a
comprehensive review of the recent research advancements in the field of IEC and noted
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the extensive adoption of aluminium plates in IEC applications owing to their hydrophilic
properties and high thermal conductivity. However, combining metal plates and fibres
also engenders certain drawbacks, such as the overall system’s weight augmentation and
heightened susceptibility to rust [19]. In this case, several research investigations have been
undertaken to obviate the requirement for metal plates. Jia et al. [21] developed a novel
IEC system using electrostatic flocking technology wherein nylon fibres were uniformly
coated onto a polystyrene board. They concluded that the dew point effectiveness of
the designed IEC system could reach a level of 78.6% while enabling the production
of an equivalent cooling load with reduced dimensions and a decreased weight profile.
Lv et al. [14] exploited a high-performance fibrous membrane consisting of polypropylene
and nylon as the wetting medium for IEC. Their experimental investigation revealed
that the porous fibrous membrane exhibited superior performance compared with the
traditional material, demonstrating significant promise for potential applications within
IEC. Chen et al. [22] employed a plant-fibre–polymer composite material as the wetting
material in the context of IEC applications. In this configuration, the polymer layer is
oriented towards the dry channel, owing to its non-permeable properties, while the plant
fibre layer, distinguished by its good water-dispersing capabilities, is oriented towards
the wet channel. Fang et al. [23] employed a femtosecond laser processing technique to
fabricate a wicking material based on the nylon 6 polymer. Their study highlighted the
outstanding capillary characteristics exhibited by the resulting material, suggesting its
potential utility in the context of IEC.

Based on an extensive literature review, it can easily be identified that the optimi-
sation of cooling performance in IEC can effectively be achieved by enhancing wetting
conditions within the wet channels and reducing thermal resistance between the wet and
dry channels. The effective realisation of these objectives is contingent upon carefully
selecting appropriate wetting materials. Additionally, conventional wetting materials
typically require attachment to a hydrophobic place to provide mechanical support. This
composite arrangement, however, increases the overall thickness of the channel plate
and impedes heat transfer. In contrast, laser-resurfacing technology enables the direct
creation of hydrophilic surfaces on hydrophobic plates. This is accomplished through
laser ablation, which generates microgrooves and nano-scale roughness on the material
surface, thereby increasing the effective surface area and introducing capillary pathways for
water-spreading. As a result, the need for additional layers is eliminated and the thermal
performance is further enhanced. Despite the potential advantages of laser-resurfacing
technology, its application remains at an early stage, with no systematic studies comparing
its efficacy with a range of conventional wetting materials—encompassing natural fibre,
composite fibre, and synthetic fibre—while considering the influence of the supporting
plate. Furthermore, existing research primarily directs its attention towards the evaluation
of the water-wicking and evaporation characteristics of these materials, often neglecting
their thermal performance, particularly in relation to the thickness of the support plate.
To address these gaps, this study presents an experimental investigation comparing the
performance of a laser-resurfaced wicking material with other four distinct wetting media
in terms of their moisture-wicking capabilities, evaporation rate, and thermal responses.
Based on the testing results, proper water-spray strategies are recommended for each
material. This investigation yields valuable insights, informing the selection of wetting
materials for IEC applications.

2. Characteristics of the Materials
The present study investigates the following five distinct wetting materials: kraft

paper, denoted as Sample A; cotton fibre, designated as Sample B; polyester fibre, identified
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as Sample C; a composite material consisting of polypropylene and nylon fibre achieved
through flocking, denominated as Sample D; and a laser-resurfaced polymer sheet, refer-
enced as Sample E. Among these, Samples A to D represent conventional wetting materials
that have been widely studied or applied in IEC applications, whereas Sample E introduces
a novel approach. These materials are depicted in Figure 1, and their respective charac-
teristics and properties are detailed in Table 1. The scanning electron microscope (SEM)
images of Sample E are provided in Figure 2. Notably, the images reveal the creation of
numerous microgrooves through laser-cutting, endowing the material with the capacity
to retain water. It is also worth noting that Samples A, B, and C should be attached to a
supporting plate to enhance the overall mechanical robustness. In contrast, Samples D and
E inherently possess the capacity to engender both dry and wet channels independently,
obviating the need for supplementary structural reinforcement.

Figure 1. Photos of the selected materials.

Table 1. Characteristics of the selected materials.

Sample Material Name Material Type Thickness
(mm)

Weight
(g/m2)

Require Support
Plates (Y/N)

A Kraft paper Natural fibre 0.05 50 Y
B Cotton fibre Natural fibre 0.30 90 Y
C Polyester fibre Synthetic fibre 0.46 125 Y
D Polypropylene + nylon fibre Composite fibre 0.40 302 N
E Laser-resurfaced polymer sheet Resurfaced material 0.50 550 N
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Figure 2. SEM images of Sample E.

3. Experimental Methodology
In order to assess and compare the efficacy of diverse wetting materials, the following

parameters should be encompassed within the evaluation framework: wicking capacity,
water retention capability, evaporation rate, and thermal response analysis. The technical
specifications of the laboratory equipment utilised are delineated in Table 2.

Table 2. Test instruments.

Measured Parameter Instrument Range Accuracy

Wicking height Steel ruler 0 to 30 cm ±1 mm
Thickness Calliper 0 to 15 cm ±0.01 mm
Ambient temperature and
relative humidity

Temperature and humidity sensor
(Testo 440)

−20 to 70 ◦C
0 to 100%

±0.3 ◦C
±0.6%

Air velocity Hot-wire anemometer (DT-8880) 0.1 to 25 m/s ±0.1 m/s
Weight High-precision scale (FZ-3000i) 0 to 3200 g ±0.01 g
Surface temperature Thermal imager (Testo 883) −30 to 650 ◦C Thermal sensitivity < 0.04 ◦C

3.1. Wicking Capacity Test

The evaluation of wicking performance for these materials entailed the measurement
of wicking height, employing the experimental setup depicted in Figure 3. Preceding the
initiation of the assessment, the materials were tailored into strips with dimensions of
35 cm × 3 cm. These strips were subsequently affixed to a wooden board, and their ends
were immersed in water. Adjacent to the strips, a steel ruler was attached to ascertain and
record the wicking height. Moreover, the testing conditions, including the temperature
and relative humidity ratio, were monitored using a data logger. The wicking height of
the materials was ascertained after a 60 min test under ambient conditions. In an effort to
minimise potential experimental discrepancies, the experiments were iterated three times
and the resultant data was presented as an average. It is noteworthy that, as illustrated in
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Figure 3, Sample E was absent from the test. This was attributed to the preliminary test
results, which indicated that the wicking ability of this particular material was notably less
discernible than the other samples.

Figure 3. Wicking test setup.

3.2. Water-Holding Capacity

The water-holding capacity of a material includes both water retention and evap-
oration abilities. Initially, the sample materials were tailored to 10 cm × 10 cm strips.
Subsequently, a high-precision scale (Figure 4) with an accuracy of 0.01 g was employed
to measure the initial weight of each material. Following this, the samples underwent a
thorough wetting process by immersion in water for 5 min, after which their weights were
re-measured. The water retention rate is quantified by the ratio of the weight differential
between the material’s dry and wet states to the material’s surface area, as expressed in
Equation (1). Then, to evaluate the evaporation rate of the materials, the sample was
positioned on the scale at room temperature until complete desiccation, during which the
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time and weight variations were meticulously recorded. The inclination of the trendline
constituted the average evaporation rate for each material, as depicted in Equation (2).

Swhc =
∆m
A

(1)

 

Figure 4. High-precision scale used in the tests.

Here, Swhc represents the water-holding capacity (g/cm2), ∆m is the weight difference
(g), and A denotes the surface area (cm2).

E =
∆m
A∆t

(2)

Here, E is the evaporation rate (g/(cm2·min)) and ∆t implies the time interval (min).

3.3. Thermal Response Analysis

A dedicated testing apparatus was conceptualised and constructed to evaluate the
thermal response characteristics of the various materials. The conceptual design and visual
representation of the experimental prototype are delineated in Figures 5 and 6, respectively.
The inlet air, propelled by a fan blower, traverses through an air duct characterised by cross-
sectional dimensions of 80 mm × 300 mm, facilitated by an air duct adapter. A structural
element with a honeycomb configuration, denoted as the air straightener, is positioned
at the starting point of the air duct to promote laminar airflow within the duct. In the
present investigation, a square aperture was incised into the lateral surface of the air duct to
facilitate the placement of the sample materials, which underwent thorough wetting. Then,
a frame holder was employed to secure the materials in position, and a thermal imager was
used to observe and record the temperature variations along the materials’ back surface.
It should be noted that, in the case of certain pliable textile fibres, the augmentation of
overall mechanical strength necessitates the incorporation of a metallic sheet. In this work,
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aluminium plates were chosen to serve this supportive function, and they were affixed
to the textile using a marine-grade adhesive, Sikaflex-291, known for its efficacy in wet
conditions. Furthermore, three distinct plate thicknesses (0.3 mm, 0.5 mm, and 1 mm) were
chosen to systematically investigate the impact of plate thickness on the overall thermal
response performance.

Figure 5. Conceptual design of the experimental platform.

 

Figure 6. Prototype of the test rig.

4. Results and Discussion
4.1. Wicking Height

Figure 7 illustrates the outcomes of the wicking height assessments conducted on
the various sample materials. Sample B demonstrates superior wicking performance
characterised by a rapid wicking rate, achieving 16.3 cm within a span of 5 min and
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attaining a maximum wicking distance of 23.6 cm. Sample C exhibits the second-highest
wicking performance among the tested materials, registering a peak wicking distance
of 16 cm. In contrast, the wicking performance of Sample D, while not reaching the
level of cloth fabrics, is still noteworthy, reaching a maximum wicking height of 6.5 cm.
Comparatively, the traditional material represented by Sample A displays a considerably
low wicking height of 2.4 cm. It is noteworthy that the capillary phenomenon is absent in
Sample E. Nevertheless, owing to the microgrooves engendered by laser treatment, the
sample material could retain some water and evinced advantageous features in subsequent
evaporation and thermal response tests, which are discussed in the following sections.

Figure 7. Results of wicking height tests carried out for 60 min.

4.2. Water Retention Capacity

Figure 8 presents the water retention capacity of the five examined materials. Sample B
demonstrates the highest water-holding ability, attaining a value of 0.0754 g/cm2. Samples
C and D exhibit comparable water-holding capacities, recording values of 0.0375 g/cm2 and
0.0306 g/cm2, respectively. Conversely, Samples A and E manifest the least effective water
retention performance, displaying values of 0.0109 g/cm2 and 0.0043 g/cm2, respectively.
The parameter associated with evaporation time serves as an initial metric for optimising the
temporal intervals of water-spraying strategies in IEC, aiming to conserve both energy and
water resources. Figure 8 shows that approximately 450 min is required for the transition of
Sample B from a wet state to complete dryness, constituting the longest duration among the
five materials. In contrast, Samples A and E exhibit markedly shorter durations, requiring
merely 95 min and 27 min, respectively. For Samples C and D, the transition process takes
between 250 and 275 min. Notably, the linear trendlines characterising the relationship
between the water-holding capacity and time for all materials indicate constant evaporation
rates. The calculated evaporation rates for Samples A to E, derived from Equation (2), are as
follows: 0.0001 g/(cm2·min), 0.0002 g/(cm2·min), 0.0001 g/(cm2·min), 0.0001 g/(cm2·min),
and 0.0002 g/(cm2·min). This observation underscores that Samples B and E exhibit
superior evaporation rates. Following the experimental trials, the phenomenon of fibre
distortion became notably discernible in Sample A, as depicted in Figure 9. This occurrence
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is anticipated to exert an influence on heat transfer efficiency by amplifying the challenge
of uniformly attaching the material with a thin adhesive layer [15].

Figure 8. Water-holding capacity test results.

Figure 9. Fibre distortion phenomenon observed in Sample A.

4.3. Thermal Response Performance Results

The thermal response analysis comprised three primary segments, namely, a short-
term analysis, a long-term investigation, and a test designed to assess the impact of metal
plate thickness. In the short-term analysis, the average back surface temperature of the
materials was systematically recorded and compared within the initial five minutes while
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the inlet air velocity was set at a constant value of 3.2 m/s. This was because the materials
were tested in a single plate arrangement, rather than the multi-channel configuration typi-
cal of real IEC applications, and the measured parameter was the back surface temperature
of the material/plate, rather than the outlet air temperature. As water evaporates, the
back surface temperature becomes approximately equal to the wet-bulb temperature of the
environment. Therefore, the influence of inlet air velocity on the test results is minimal
and can be selected as a constant. Parallel testing protocols were applied to the long-term
analysis, with the back surface temperatures of the five specimens being recorded until the
materials achieved complete dryness. During the initial two tests, the thinnest aluminium
plate measuring 0.3 mm was utilised to provide support for Samples A to C, thereby
minimising the potential influence of plate thickness. An additional test was executed to
evaluate the consequential effect of plate thickness on overall performance, wherein three
distinct plate thicknesses were selected and analysed.

Figure 10 presents a temporal analysis of the back surface temperature of the materials
at environmental conditions of 20.69 ◦C and 51.11% for temperature and humidity, respec-
tively. Traditional Sample A attained its minimum back surface temperature of 14.3 ◦C
within 1.37 min. In contrast, Samples B and C showed comparatively slower thermal
response rates, requiring 2.83 and 1.83 min, respectively, to reach stable conditions owing
to the increased thickness of the fabrics. During this interval, Sample B achieved the lowest
back surface temperature of 14.3 ◦C, while Sample C recorded a value of 14.6 ◦C. Samples
D and E, devoid of mechanical support, showcased exceptional thermal response charac-
teristics, achieving stability within a mere 1 min timeframe. Furthermore, both materials
demonstrated the ability to reach the lowest surface temperature of 14.1 ◦C. However,
Sample E, characterised by a poor water retention capacity, maintained stability for up
to 2 min only. Subsequently, the back surface temperature began to increase due to the
insufficient water film coverage on the material surface.

Figure 10. Back surface temperature measurements in the initial five minutes.

Figure 11 depicts the back surface temperatures across the entire range of material
conditions, from wet to complete dryness. The measurements were conducted under ambi-
ent conditions, specifically at 21.36 ◦C and relative humidity of 49.01%. As a traditional
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material, Sample A could attain a back surface temperature of 15.5 ◦C for a duration of
5 min. Subsequently, the back surface temperature underwent a steady increase until
it aligned with the ambient temperature, indicative of the material’s drying state. Sam-
ple B demonstrated the capability to sustain the back surface temperature at a minimal
level of approximately 15.8 ◦C for an approximate duration of 90 min, with complete
dryness achieved after 150 min. This observed phenomenon was primarily attributed
to the heightened water-holding capacity of Sample B. In the case of Sample C, it was
capable of attaining a comparable level of back surface temperature as Sample B. However,
the temporal duration for which this temperature level was sustained was considerably
shorter than that exhibited by Sample B, specifically amounting to 24 min. Samples D and
E manifested the minimum back surface temperature of 15 ◦C among all the materials,
stemming from their intrinsic characteristics that obviated the requirement for metal plates
to augment mechanical reinforcement, consequently reducing overall thickness. However,
there exists a notable discrepancy in the water-holding capacities of these two materials:
Sample D sustained a consistent temperature level for a duration of 36 min, whereas
Sample E exhibited a significantly shorter duration, lasting less than 5 min. An observed
phenomenon throughout the examination indicates that the temperature distribution across
a material surface exhibits non-uniformity during the evaporation process. Typical infrared
images of Sample C during the evaporation process are presented in Figure 12. It is evident
from the results that the upper surface of the material underwent a more rapid reduction in
wettability compared with the lower section. This phenomenon can be attributed to the
vertical orientation of the material because moisture tends to move downward in response
to the force of gravity. This discovery can be employed to optimise IEC systems, specifically
in the areas of water-spray strategy optimisation and determining the optimal orientation.
For instance, future studies could investigate if a horizontal arrangement for an IEC system,
combined with an intermittent water-spray strategy, would enhance the overall cooling
performance compared with the conventional vertical configuration.

Figure 11. Back surface temperature measurements until completely dry.

Figure 13 presents the impact of metal plate thickness on thermal response perfor-
mance, with Sample C serving as a representative example under ambient conditions
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characterised by a temperature of 22.99 ◦C and relative humidity of 43.31%. As anticipated,
a reduced thickness was associated with reduced thermal resistance, thereby facilitating an
accelerated conduction of heat and, consequently, a more rapid decline in temperature. It
was further noted that, after 4.2 min of the tests, all three plate thickness variants attained
an equivalent temperature level of 16.3 ◦C.

Figure 12. Thermal images documenting the evaporation process of Sample C at 15 min intervals.
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Figure 13. Effect of metal plate thickness on the thermal response of Sample C.

4.4. Overall Comparison of the Five Materials

Based on the aforementioned test results, a synthesis of the performance of the tested
samples and corresponding recommendations for a water-spray strategy are presented in
Table 3. Considering the brief evaporation process, it is advisable to employ a continuous
spray approach for Samples A and E. Notably, Sample E exhibits superior thermal response
and mechanical strength compared with the traditional material, Sample A. However, due
to the relatively low wicking and water-holding capacity of Sample E, future studies could
focus on optimising the groove structures (e.g., adjusting the density and depth) to further
enhance performance. Sample B demonstrates strengths across various parameters, with
the sole drawback being the requisite use of a metal support plate, leading to an elevation
in overall thermal resistance and system weight. Given the extended cooling duration of
Sample B, an intermittent spray method is deemed suitable. Moreover, the implementation
of an auto-wicking strategy for IEC utilising Sample B should be contemplated due to
its exceptional wicking performance. In the case of Samples C and D, characterised by a
surface temperature sustained at a low level for over 20 min, it is recommended that the
intermittent spray method is adopted.

Table 3. A summary of tested materials and water-spray strategy suggestions.

Sample

Performance Evaluation

Wicking
Rate Water-Holding Mechanical

Strength
Thermal
Response

Cooling
Duration

Water-Spray
Strategy
Recommendation

A Poor Poor Poor Good Poor Continuous spray

B Excellent Excellent Poor Good Excellent Intermittent
spray/auto-wicking

C Good Good Poor Good Good Intermittent spray
D Poor Good Excellent * Excellent Good Intermittent spray
E Poor Poor Excellent * Excellent Poor Continuous spray

* Mainly due to the dispensability of metal plates for furnishing mechanical support.
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5. Conclusions and Future Works
This study presents a comparative experimental study of five wetting materials for

potential application in the wet channels of indirect evaporative cooling (IEC) systems.
The experiments examined wicking performance, water-holding capacity, evaporation
behaviour, and thermal response, including the influence of plate thickness. The results
have been distilled into insights that inform material selection and system design, which
are summarised as follows:

(1) Fabric materials (Samples B and C) showed outstanding vertical wicking ability
(>16 cm) and long-term cooling stability (up to 90 min), making them highly suitable
for IEC designs favouring intermittent spray strategies and extended operational
periods. Sample D offered a balanced performance, combining moderate wicking
with a fast and durable thermal response without the need for mechanical support
plates, which makes it promising for compact or simplified IEC configurations.

(2) The laser-resurfaced polymer (Sample E) demonstrated a fast thermal response and
mechanical robustness due to its direct hydrophilic surface, eliminating reliance on
supporting plates. However, its limited water retention curtailed the cooling duration,
highlighting the need for further groove-structure optimisation to balance thermal
efficiency and moisture storage.

(3) From an engineering perspective, these results provide practical design recommenda-
tions. Continuous spraying is appropriate for low-retention materials (Samples A and
E), while intermittent spraying is more effective for high-capacity materials (Samples
B, C, and D). The observed gravitational influence on vertical moisture distribution
suggests that alternative orientations (horizontal configuration) may enhance the
moisture utilisation and cooling performance of IEC systems.

In summary, the laser-resurfaced polymer (Sample E) presents strong potential for IEC
applications. The present work represents an early-stage investigation, and further studies
will focus on developing a prototype IEC system utilising this novel material, accompanied
by a comprehensive performance evaluation. In addition, the effects of different water-
spray strategies on water and energy savings, as well as the long-term operational stability
of the system, warrant further investigation.
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