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Abstract 

Urban residents in most Malaysian cities are experiencing thermal discomfort from 

exposure of high environment temperature due to the emergence of urban heat 

island situation (UHI) and climate change. To increase comfortability of urban 

residents, a thermal comfort study needs to be done by assessing suitable material 

to be used as a thermal comfort sensor that can indicate heat exposure. This study 

aims to fabricate white clay and red clay pots with additional textile insulation in 

simulating sweating process under a controlled environment. Specifically, it was 

done to evaluate the evaporation rate of red and white clay as well as the effects of 

additional textile cover towards the evaporation rate. This research covered the 

aspects by adding textile insulation and checking for suitability of red and white 

clay pots as a thermal comfort sensor material. The study was conducted by 

carrying out experimental procedures to measure the evaporation rate and surface 

temperature of the red and white clay material in the condition of with and without 

textile cover by using cotton and polyester textile under a controlled environment, 

whereby the heat exposure towards the material is regulated. The findings showed 

that the saturated red and white clay pots could simulate perspiration process 

through the evaporation rate under controlled environment and the additional cotton 

and polyester textile provided greater evaporative cooling effect for the material. 

Therefore, the relationship between the evaporation rate of porous material and 

sweating mechanism will be the driving force for expansion on the innovation of 

human thermal comfort sensor in evaluating human thermal comfort in the future 

to maintain comfortable surroundings. 
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1.  Introduction 

Urbanization causing the surrounding natural city lands started to be replaced 

with dense concentration of built spaces and artificial surface materials, such as 

pavements. Those rapid development processes contributed to the loss of green 

areas. Since the natural land area is being narrowed, tree crowns that can prevent 

penetration of sun rays and storage of energy decreased, causing radiation of 

accumulated energy that leads to temperature increase. As a result, humans will 

be exposed to direct heat and the increment of temperature will deteriorate 

thermal comfort amongst people and influenced the human’s productivity while 

doing tasks.  

Thermal comfort depends on a person’s desirable state of mind in terms of the 

sensation that he/she is feeling, i.e., either hot or cold [1]. As stated by Elnabawi 

and Hamza [2], the study of thermal comfort should be done by considering the 

integration of a few factors, which included physical, psychological and 

physiological aspects. All factors should be considered in the process of evaluating 

thermal environment. Enescu [3] explained that to achieve and maintain heat 

balance between the human body and environment, the body needs to go through a 

process known as thermoregulation.  

Naturally, a human body has its natural way to cool down the skin through sweat 

evaporation to adapt with heat conditions. The evaporative cooling efficiency of 

the skin is affected by the volume of perspired moisture that attached to the skin 

[4]. Consequently, the balanced sweating evaporative rate is crucial for heat 

dissipation process of the human body in adapting with the rising temperature 

nowadays. Sweating may play an important role as the physiological factors in 

assessing human thermal comfort.  

In this respect, the usage of sweating thermal manikin in assessing outdoor 

thermal comfort is becoming more frequent worldwide, as it can avoid humans 

from going through direct exposure to sunlight in evaluating the thermal comfort. 

According to Lei [5], the purpose of sweating thermal manikin invention is to 

analyse the thermal interface between the human body and ambient environment. 

Comparing it to human subjects’ usage, this type of testing is good in repeatability 

and high in accuracy. The thermal manikin is generally known as an indicator used 

to evaluate thermal comfort of the surrounding, as it has characteristics that is 

almost like human physiological systems, specifically the human skin. It was 

invented to enhance the conception and understanding by analysing thermal 

interface between the human body and ambient environment on the surroundings, 

mainly for the assessment of thermal comfort [6]. The usage of various types of 

thermal manikins is becoming more common worldwide, as it produces valuable 

data, emphasising direct trials with human subjects.  

According to Mandal et al. [7], sweating thermal manikin is generally used to 

evaluate the thermo-physiological comfort of clothing, as it is capable to imitate 

the conditions that is comparable to the human body and simulate metabolic heat 

production and perspiration process. Sweating is a significant thermoregulatory 

process that assists in the dissipation of heat and prevents the human body from 

becoming overheated. Moreover, one of the typical uses of sweating thermal 

manikin is to evaluate the thermal and evaporative resistance of clothing [8]. Sweat 

evaporation can provide a cooling effect to the human body and prevents the 

increase in body temperature above values that lead to heat-related illnesses. 
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Utilisation of sweating thermal manikin is helpful in studying the heat and mass 

transfer of the human body. 

However, there are limitations in obtaining the sweating thermal manikin, as it 

is a complicated, delicate and expensive tool [5]. The complications in obtaining or 

producing a sweating thermal manikin are due to the complex integration of 

materials that need some proper designing. This is to enable it to present the motion 

of human body by having joints and combinations of materials as well as having 

different segments on the surface of manikin with different usage. The production 

of that medium is complicated and might be costly. Additionally, there are 

limitations in acquiring the material medium to carry out the evaluation. In this 

study, sweating mechanism is the main concern, as it is a way to assess thermal 

comfort due to heat dissipation through sweat evaporation, other than using 

physical measurement and subjective measurement. On that account, sweating 

thermal manikin was used as a reference in this study to propose an alternative way 

to simulate the human perspiration systems in terms of evaporation process.  

As a preparatory study, appropriateness of the material that poses the 

characteristic of human skin needs to be evaluated by studying the relationship 

between the evaporation rate and thermal characteristics of materials used. The 

intention is to simulate the workflow of sweating evaporation process to determine 

the evaporation cooling effect. In this case, a porous material, which is the red and 

white clay is proposed to be used as it is almost comparable to human skin in terms 

of its porosity characteristics especially when wet which providing cooling effect 

near the surface due to the heat extraction during water evaporation. It similar with 

human perspiration when the necessary heat was removed due to sweat 

evaporation. The utilisation of porous material is due to the existence of micro pores 

that can induce capillary forces supporting the formation of humid layer by drawing 

out water moisture to the surface of material, which is almost like human skin, and 

thus it is comparable [9]. With the additional features of having capillary effect on 

the porous material surface, this material will be used as an indicator resembling 

human physiology in terms of sweating mechanism. Besides that, porous material's 

suitability in simulating human perspiration can be associated with its evaporative 

cooling ability. This can be seen in clay pot coolers that are often used to store post-

harvest vegetables that are ideally stored in high humidity and cool setting - are the 

most common use of a porous material in evaporative cooling. Evaporative cooling 

is the most effective in an arid and hot environment which includes the African 

Sahel region as stated in a study by Rehman et al. [10] where they carried out 17 

field trials from Mali and Rwanda to obtain experimental data on clay pot coolers.  

However, a previous study conducted by Kelundapyan et al. [11], explained that 

there was only a moderate correlation between evaporation rate of porous material 

with human sweating mechanism, as it only covered the physical and physiological 

aspects of the thermal comfort, excluding the personal aspect of physiological 

factor on textile insulation. Nonetheless, the former did not consider the usage of 

textile on the porous material as what an actual human would normally wear during 

perspiration. Therefore, a study will be conducted using porous material with textile 

to provide a good development of heat indicator and further development of thermal 

manikin can be continued. Consequently, an alternative option is proposed, which 

is to carry out a smaller scale experiment adapting to the concept of sweating 

thermal manikin through the usage of another simple material relating to the 

evaporative sweating mechanism. This study aims to fabricate red and white clay 
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pots with additional textile cover in simulating sweating process under a controlled 

environment and determine the relationship between evaporation rate of red and 

white clay with human perspiration process. 

2. Research Methodology 

2.1. Material 

Ten unglazed red and white clay pots were prepared. Two out of ten of the clay 

pots were used as controlled samples, while the rest were submerged in water to 

saturate and test in different conditions while observing the surface temperature and 

weight as well as the evaporation rate by acquiring the average value to get a higher 

accuracy of data. From eight of the saturated clay, four were tested without textile, 

two with cotton textile and the other two with polyester textile. 

2.2. Experiment set up and procedure 

The evaporation rates for the red and white clay pots were obtained by measuring 

the weight loss and surface temperature of the pots for every ten min interval 

from 8 a.m. to 5 p.m. This experiment was carried out in a controlled 

environment, whereby a 60W incandescent light bulbs were used to simulate the 

heat as the source of heat that was regulated by turning on and off during the 

experiment. This resembles the condition of the environment whether there is 

sunlight exposure or otherwise. The samples were placed in a box to regulate the 

temperature inside the box to create a consistent thermal environment. The 

samples were exposed to lighting from the 60-Watt tungsten light bulb to simulate 

constant heat gain, eliminating variables that interference from the surrounding 

temperature to enter or exit the box. The insides of the box were covered with 

polystyrene to ensure that the internal temperature was not affected by the 

surrounding temperature. The surface temperature was measured for every ten 

min. Furthermore, the mass of the red and white clay pots was recorded to identify 

the evaporation rate in the later stage. 

Before the experiment was carried out, eight of the red and white clay pots were 

submerged in water for a few days until the clay pots reached a condition, whereby 

their weight is constant. This is to ensure that the pots are in a saturated state. There 

were two pots that acted as a controlled sample, whereby the pots were not required 

to be immersed in water and could be tested directly. 

Next, all the pots were filled up with water and the tops were wrapped with 

aluminium foil to prevent direct process of evaporation through the openings on the 

surface of the pots by the high intensity incandescent light bulbs. Then, those 

samples were placed inside a controlled environment box under the exposure of 

heat from the incandescent light bulbs. 

The weight of every pot was measured and recorded for every ten min interval 

to determine the evaporation rate. At the same time, the surface temperature was 

measured and recorded at every ten min. The tungsten light bulbs were switched 

off when the mass of the clay pots became constant, and the experiment continued 

until 5 p.m. by measuring the weight and surface temperature. Initially, the               

pots were tested without any textile, however, they were covered with textile at 

a later stage.  
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3. Results and Discussion 

3.1. Surface temperature 

The surface temperature of the pots varies with the exposure of heat from the 

incandescent light bulbs and is regulated by turning on and off the incandescent 

light bulbs. The controlled environment was chosen with the necessities to control 

the parameters under study, which was the temperature as well as to ensure that the 

influence of other variables that could affect the results was minimised or 

eliminated [12]. According to the Materials Research Science & Engineering 

Centre of Pennsylvania State University, the light bulb efficiency for a 60W 

incandescent light bulb is only 10% of its energy, which is converted to light. The 

other 90% is being taken as heat produced by the light bulbs. Consequently, the 

equivalence of the heat energy for the 60W incandescent light bulb was 54W.  

Figure 1 shows that there are significant differences between controlled sample 

pots and saturated sample pots surface temperature. Initially, with the lights turned 

on, the controlled sample pots’ surface temperature increment was faster compared 

to the saturated pots for red and white clay pots without textile and with textile, 

respectively. Comparing the graphs for different conditions, the red and white clay 

pots without textile surface temperature increased gradually in time, which took 

about 4 h to reach a peak, while it took slightly more than 4 h for the red and white 

clay pots with textile to reach a peak. 

Meanwhile, for saturated red and white clay pots with textile, the cotton reached 

a peak in 1-2 h before the polyester, as shown in Fig. 2. This may be due to the 

percentage retention difference between the two fabrics. Generally, polyester is 

more hydrophobic than cotton. Polyester has 0.4% moisture retention and cotton 

has 8.5% moisture retention, which means that it only releases a slight amount of 

moisture while damp according to conventional moisture regains for textile. This 

is also supported through physical observation throughout the experiment, whereby 

polyester dries up faster than cotton. Therefore, the larger amount of water retained 

in cotton, which acted as a ‘cooling agent’ helped in cooling the surface of the 

saturated red and white clay pots faster. Consequently, this may explain the reason 

cotton reaches peak faster than polyester. 

Besides, the trend of surface temperature for saturated red and white clay pots 

during the lights on condition was found to be in-line to the surrounding 

temperature in the controlled environment. The trend of the graphs corresponded 

to studies conducted by Choi and Loftness [13] on the forehead and chest areas of 

a human body. Furthermore, a study by Liu et al. [14] was conducted on local 

temperature of different skin parts of a human subject. From there, similarities that 

could be identified included relatively thinner fat layers in the human skin, resulting 

in sensitive responses to variations of the air temperature, which increased 

proportionally to the surrounding temperature. The variations of surface 

temperature concept were applicable for the conditions of saturated red and white 

clay pots with and without textile.  

Next, the increase and decrease in rates of the saturated samples were determined 

to observe the pattern of the sample surface temperature’s increment and decrement 

based on the heat exposure it received from the incandescent light bulbs. Based on 

the result, it could be deduced that the increased rate was higher compared to the 

decreased rate of the surface temperature for both saturated red and white clay pots 
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conditions with and without textile. The change of surface temperature during the 

lights off condition was slower compared to the condition when the lights were on. 

The result analysis trend for saturated white clay pots gradients was close to the 

results of human skin temperature for different parts of the human body [8], whereby 

the local skin temperature was unable to increase immediately due to high radiant 

temperature that influenced the nature of thermal inertia possessed by the human 

body. Furthermore, the study in Liu et al. [14] regulated the temperature, specifically 

known as radiant temperature, by setting the temperature increasing from 26℃ to 

38℃ and decreasing from 38℃ to 26℃ to provide unstable environment condition, 

which is almost like switching the light on and off to regulate the temperature inside 

the controlled environment. Mean radiant temperature is a measure of the surfaces 

average temperature that surround a particular point, whereby it will exchange 

thermal radiation that is usually measured by using a globe thermometer.  

 

(a) 

 

(b) 

Fig. 1. Surface temperature against time  

without textile: (a) white clay, (b) red clay. 
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(a) 

 

(b) 

Fig. 2 Surface temperature against time  

graph with textile: (a) white clay, (b) red clay. 

3.2. Evaporation rate 

Evaporation rate is defined as the measure of air capacity to absorb moisture and one 

of the factors that affects the amount of absorption, which is temperature of the 

surrounding [15]. The values for the evaporation rate were calculated using Equation 

1 that consisted of the values of sample pots weight loss (kg), external surface area 

for conical frustum (m2) as well as time interval (min). Based on the results, it showed 

that there was weight difference for the sample pots by time. The reduction in weight 

could be seen for the saturated sample, however, there were no changes recorded for 

the controlled sample. The differences might happen due to the moisture content on 

the surface of the pots. The presence of water moisture on the surface of the saturated 

sample pots allows the water evaporation process to happen due to the process ability 

to extract heat from the pots, which is like the human body, whereby heat is extracted 

during the sweat evaporation process [9, 10]. 
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According to Guan et al. [4], previous studies have proven that sweat evaporation 

efficiency is related to skin wettedness. In this case, the saturated sample was assumed 

to simulate a sweating human skin where there is moisture on the surface of the pots 

(saturated condition). The evaporation process did not take place all the way till the 

end of the experiment. It only took place when there was a weight decrease, indicating 

that the moisture on the clay pots surface being evaporated. Since the experiment was 

conducted in a controlled environment, whereby the temperature was controlled by 

turning on and off the light bulbs, the evaporation rate was varied, depending on the 

temperature conditions.  

Based on the graphs shown in Figs. 3 and 4, the average evaporation rate for the 

saturated white clay pots for both conditions with and without textile showed that the 

trend of the evaporation rate increased drastically in the first few hours and gradually 

decreased in time as the weight and surface temperature became constant. By 

comparison, it demonstrated that the evaporation rate for pots with additional textile 

cover was higher compared to the pots without textile. The differences were due to 

the textile fibre, which facilitated the distribution of water over a wide region 

increasing the total cooling potential by evaporation [16]. 

Meanwhile, Fig. 5 illustrates the occurrences of evaporation for the saturated red 

clay pots without textile, which could be seen when they were almost reaching the 

peak, causing a surface temperature drop. The drops for the three days occurred 

consistently around 11 a.m. to 12 p.m. for the condition of saturated red clay pots 

without textile, which indicated that constant evaporation, as mentioned by Mendes 

and Silva [9] was evident. The evaporative cooling for the saturated red clay pots with 

textile, however, occurred earlier than without textile, as there was additional ‘cooling 

agent’ present in the textiles because water is an excellent compound in cooling 

objects down. The drops occurred around 10 a.m. to 11 a.m., which also showed 

consistency for the condition of saturated red clay pots with textile (Fig. 6). The 

evaporation process of the saturated red clay pots occurred earlier with textile, as the 

process by which fibre facilitated the distribution of water over a wider region in a 

fabric increased the total cooling potential by evaporation. The evaporation efficiency 

of water from fabric would, however, also be impacted by the overall quantity of 

water stored within the fabric [16]. 

According to Arens and Zhang [17], the evaporative cooling mechanism is a latent 

heat transfer process, whereby heat dissipation process is done through the 

evaporation of sweat on the surface of the skin. As for the experiment, the moisture 

on the surface of the saturated pots underwent the same evaporation process. The 

presence of heat energy produced from the tungsten light bulbs accumulated on the 

surface of the saturated sample pots, which then induced evaporative cooling effect 

through the phase change from liquid state to gaseous state when the energy, known 

as latent heat energy, was used up [18]. The evaporation process, which allowed the 

retained water to go through a phase change from liquid to gaseous state with the 

presence of vaporisation heat from the environment provided cooling for the pots and 

reduced the surface temperature of the white clay pots. This phenomenon is also 

applied in human sweat evaporation process, whereby the sweat liquid will go 

through a phase change from liquid to gaseous state and with the presence of 

vaporisation heat from the environment that provided cooling for the human body.  

As stated in a study by Qingqing et al. [19], the body evaporative rate of heat 

loss essential factor is the sweat loss, which is close to the saturated white clay 
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pots where the evaporation rate depends on its weight loss. In this study, it was 

considered the metabolic rate and clothing insulation values, which were obtained 

from ASHRAE [1] of Addendum g and Addendum h. From Addendum g, the 

metabolic rate task for the saturated white clay pots was assumed to be in a seated 

position, quiet state and the value for the metabolic rate was 60 W/m2. While the 

clothing insulation values from Addendum h were assumed that the garments 

included for the experiment were trousers and short sleeve shirts with the clothing 

insulation values of 0.57 Clo.  

In the same study conducted by Qingqing et al. [19], it also included the 

environmental conditions for metabolic rate and clothing insulation values, which 

were 50-250 W/m2 and 0.56-1.50 Clo, respectively. Moreover, the experiment was 

conducted in a controlled environment where the air temperature was controlled. The 

correlation of the evaporation rate for the saturated sample pots and sweating human 

skin could be seen through the trend of the results, whereby the evaporation rate was 

affected by the temperature surrounding the subject.  

The resemblance in the trend as correspond in the study of Qingqing et al. 

[19] suggested that the saturated sample pot was able to simulate human 

perspiration process, specifically the sweating process and the evaporation rate 

could provide evaporative cooling for the material by reducing the surface 

temperature approaching thermal equilibrium. There was no reduction in the 

controlled sample weight because there was no moisture on the surface of the 

pots to be evaporated, and thus the evaporation rate for the controlled sample was 

not considered. As a result, a higher water content in clothes resulted in increased 

evaporative mass loss [20, 21]. In other words, greater evaporation rate results 

from higher sweat retention, for instance, higher clothing wettedness. Therefore, 

it is notable that cotton provides greater evaporation rate than polyester as it can 

retain more water. 

 

Fig. 3 Average evaporation rate against time  

graph for saturated white clay pots without textile. 
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Fig. 4 Average evaporation rate against time  

graph for saturated white clay pots with textile. 

   
(a)       (b) 

Fig.5 Variation of red clay pots without textile against  

time: (a) Surface temperature; (b) Evaporation rate. 

   

(a)               (b) 

Fig. 6 Variation of red clay pots with textile against  

time: (a) Surface temperature; (b) Evaporation rate. 

4. Conclusions 

It can be concluded that the evaporation rate is identified with its porosity 

characteristics through the analysis and comparison that has been done. The findings 
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also proven that the additional textile cover does provide more effective evaporative 

cooling and thermal insulation for the material with the utilisation of cotton and 

polyester textiles which is the same concept as the condition when a human is using 

garments to provide them thermal insulation. The white clay pots demonstrated better 

reproducibility and good response of the evaporation rate towards regulated 

surrounding temperatures which close to the human sweat evaporation mechanism 

which have the same sensitivity towards surrounding temperature. Other than that, 

from the analysis and discussion that have been done, it can be concluded that the 

evaporation rate does help in reducing the surface temperature and the weight loss of 

the saturated clay pots is directly proportional to the higher surrounding temperature 

as well as the higher rate of evaporation. 

The material exhibited some characteristics resembling human perspiration 

process and was considered as an alternative of human skin in thermal 

assessments for thermal comfort evaluation. Hence, the saturated white clay has 

the potential be used in the expansion of the innovation of human thermal comfort 

sensor in evaluating human thermal comfort in the future so that a comfort 

surrounding can be maintained. 
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