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This study shows the evaluation of the indirect evaporative cooling system beneath the 
roof that aims to reduce the cooling load in buildings. As the energy demand for space 
cooling increases over the years, the evaporative cooler that has lower energy 
consumption can be a green technology for space cooling compared with air-
conditioning systems. An example of an evaporative roof cooling method that is 
commonly used is a rooftop sprinkler system. This study emphasizes the evaluation of 
the performances of an indirect evaporative cooler and rooftop sprinkler system in 
terms of temperature reduction and cooling capacity. The modelling is done by using 
the sol-air temperature to estimate the solar heat gain. Then, the cooling power of each 
system is calculated, and finally, the indoor temperature for the respective system can 
be determined. The finding shows that the temperature drop for the indirect 
evaporative cooler is 9.2°C, whereas for the rooftop sprinkler system, it is only about 
4.4°C. The simulated cooling load of the indirect evaporative cooler for this test house 
can go up to 49.2W. 
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1. Introduction 
 

In Malaysia, an air-cooling system is often used to achieve a more comfortable interior 
environment. There are a few methods to cool an interior space, such as using an air-conditioning 
system or an evaporative cooling system. However, the air-conditioning is not favourable as it 
consumes a large amount of electricity. Not to mention, the refrigerant used may potentially pollute 
the environment. According to “The Future of Cooling” report, 20% of total electrical energy is used 
for air-conditioning and electric fans to stay cool in buildings around the world today. The demand 
for air conditioning is still increasing. It is predicted that by the year 2050, two-thirds of the world’s 
households could have air conditioners [1]. Thus, there is no doubt that the global demand for space 
cooling systems and the energy needed to support them will continue to grow over the next decades. 

An evaporative cooling system uses relatively lower electricity, is more practical, and is more 
environmentally friendly as the refrigerant used is water [2]. During the evaporation process, it is 
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required to absorb the large quantity of latent heat of vaporization, about 2260 kJ/kg for the phase 
change of water from liquid to vapor. This eventually reduces the surrounding air temperature and 
chills the interior space [3]. Most research pointed out that the application of an indirect evaporative 
cooler could reduce the total electric energy consumption in buildings with air-conditioning systems, 
which ranges from 20% to 70% depending on the design of the cooling system [4]. There are two 
types of evaporative air coolers, which are direct evaporative coolers and indirect evaporative coolers 
(IEC) [5]. In direct evaporative cooling, the ambient air is passed through an evaporative cooler to 
reach a wet-bulb temperature. The water in the system evaporates to increase the humidity ratio of 
the air, causing the air temperature to decrease and ideally reach the wet-bulb temperature 
according to the psychometric chart. In the IEC, there are primary and secondary airstreams, where 
the primary airstream will go through the evaporative cooling system, and the secondary airstream 
is air from interior space. Then, the heat exchanger will be applied to cool the secondary air with the 
primary airstream that has a lower temperature. The major advantage of the IEC system is that it 
does not increase the humidity in the secondary airstream, which may affect human comfort [6]. 
However, the IEC system is highly dependent on the parameters of ambient air. It can lower the air 
temperature until it reaches its maximum air humidity [7]. 

There are three methods to reduce the heat flux from the roof, which are reflective roof tiles, 
roof ventilation, and evaporative cooling. Firstly, a covered roof with reflective roof tiles can help in 
cooling the interior space as reflective tiles have lower emissivity. Reflective roof tiles can reflect the 
majority of solar radiation and achieve a cooler interior environment [8]. Secondly, forced ventilation 
is done by using a pump or blower over the ventilation duct to circulate the air. The interior is chilled 
by circulating cool air consistently. Thirdly, the conventional method of evaporative cooling on a roof 
is by installing a water spraying nozzle on the roof. The water is spread on the roof tiles and aims to 
decrease the roof temperature. According to studies [9,10], this method could only cool the roof tiles 
up to 4°C but not the indoor temperature.  

In short, the air-conditioning system has its drawbacks as it has high electrical consumption and 
its refrigerant use could lead to environmental pollution, whereas the usage of the rooftop sprinkler 
system is limited by its low cooling capacity. Hence, this project aims to propose a new method for 
domestic cooling systems through roof ventilation assisted by evaporative cooling. This method also 
strives to overcome the adverse effect of a rooftop sprinkler system that has a low capability to 
reduce indoor temperature. A test house with three chambers, which are a chamber with a proposed 
cooling system, a condition-controlled chamber, and a chamber installed with a rooftop sprinkler 
system, will be built to estimate their cooling performance. Before that, mathematical modelling will 
be carried out with Python programming to simulate the temperature profile in each chamber 
according to the average ambient condition in Malaysia. 

 
2. Methodology  
2.1 Design of Test House  
  

A test house was constructed with an average height of 0.75m, 0.5m of width, and 0.7m of length. 
This test house was built with wood and the walls were made up of Styrofoam materials to eliminate 
heat gain or loss between the walls. The test house was covered with 12mm thick clay roof tiles. 
Referring to Figure 1, each chamber was set up for its respective purposes. For the proposed cooling 
system that is used in the first chamber, a cooling duct made of aluminum will be installed beneath 
the roof tiles as aluminum has better convective heat transfer performance than other proposed 
materials such as stainless steel and cast iron in the project by Ibrahim [11]. Cool water will be 
sprayed into the cooling duct via a nozzle. Then, an air blower will be equipped at the exit of the 
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cooling duct to enhance the rate of the evaporation process, aiming to decrease the duct 
temperature to the wet-bulb temperature as stated in the review [12]. The second chamber is the 
condition-controlled chamber where no cooling equipment will be used. Lastly, the third chamber is 
equipped with a rooftop sprinkler system where a water spray nozzle was installed at the top edge 
of the roof tiles. 
 

 
Fig. 1. CAD of Test House 

 
2.2 Solar Heat Gain Power 
 

The performance of an evaporative cooling system highly depends on the ambient conditions. 
Thus, the ambient condition parameters used in this modelling will affect the accuracy of the results. 
This experiment will be carried out in Pulau Pinang, Malaysia, which has a tropical rainforest climate 
with a longitude of 100.33°E and a latitude of 5.41°N. Based on the project “Energy Simulations for 
Buildings in Malaysia” carried out by Universiti Teknologi Malaysia (UiTM), the Test Reference Year 
(TRY) was developed that shows the hourly weather data of Kuala Lumpur, Malaysia [13]. As TRY is 
currently the only known set of weather data for energy simulation and it is used in many energy 
simulations in Malaysia [14]. This data set provides the parameters used in our simulation, which 
include dry-bulb temperature, wet-bulb temperature, and global radiation (the sum of direct and 
diffuse radiation).  

To calculate the solar heat through the roof, 𝑄𝑠𝑜𝑙𝑎𝑟 ℎ𝑒𝑎𝑡 𝑔𝑎𝑖𝑛, the Sol-air temperature equation 

commonly used is used, as can be shown in Eq. (1).  This method is a simplified calculation of 
accounting for the combined effects of conductive, convective, and radiative heat exchange in 
structures [15]. 
 

𝑄𝑠𝑜𝑙𝑎𝑟 ℎ𝑒𝑎𝑡 𝑔𝑎𝑖𝑛 = 𝑈𝑟𝑜𝑜𝑓𝐴[ (𝑇𝐷𝐵 − 𝑇𝑖) +
𝛼𝐼

ℎ𝑇
 ]                 (1) 
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where 𝑈𝑟𝑜𝑜𝑓 is the overall heat transfer coefficient, A is the area of roof tiles, 𝑇𝐷𝐵 is the dry-bulb 

temperature, 𝑇𝑖 is the indoor temperature, 𝛼 is the emissivity of roof tiles taken as 0.8, 𝐼 is the global 
radiation in Malaysia, ℎ𝑇 is total heat transfer coefficient. 
 The total heat transfer coefficient, which can also be represented as Eq. (2) 
 
ℎ𝑇 = ℎ𝑐𝑜𝑛𝑣,𝑟𝑜𝑜𝑓 + ℎ𝑟𝑎𝑑                       (2) 

 
where ℎ𝑐𝑜𝑛𝑣 is the convective heat transfer coefficient of the roof and ℎ𝑟𝑎𝑑  is the radiative heat 
transfer coefficient. 

To calculate the radiative heat transfer coefficient, the rate of radiant interchange between the 
roof tile surface and the ambient can be represented as Eq. (3) Then the radiative heat transfer 
coefficient can be obtained in Eq. (4) [16]. If the ambient temperature is equal to the roof tile surface 
temperature, such as during the nighttime, the derived Eq. (5) will be used. 
 

𝑄𝑟𝑜𝑜𝑓−𝑎𝑚𝑏𝑖𝑒𝑛𝑡(𝑟𝑎𝑑) = 𝛼 𝜎 𝐴 (𝑇𝑟𝑜𝑜𝑓
4 − 𝑇𝐷𝐵

4) = ℎ𝑟𝑎𝑑  𝐴 (𝑇𝑟𝑜𝑜𝑓 − 𝑇𝐷𝐵)           (3) 

 

ℎ𝑟𝑎𝑑 =
𝛼 𝜎(𝑇𝑟𝑜𝑜𝑓

4−𝑇𝐷𝐵
4)

𝑇𝑟𝑜𝑜𝑓−𝑇𝐷𝐵
                       (4) 

 

ℎ𝑟𝑎𝑑 = 4 𝛼 𝜎 𝑇𝐷𝐵
3                        (5) 

 
where 𝜎 is the Stefan-Boltzmann constant equal 5.670Wm-2K-4; 𝑇𝑟𝑜𝑜𝑓 is the roof tiles surface 

temperature in K. 
To determine the surface temperature of roof tiles, the Stefan Boltzmann law is applied as Eq. (6) 

by using the maximum global radiation in Malaysia. Therefore, the roof tiles’ surface temperature 
can be expressed in Eq. (7). 
 

𝑄𝑠𝑜𝑙𝑎𝑟 𝑟𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛 = 𝛼 𝜎 𝐴 𝑇𝑟𝑜𝑜𝑓
4                     (6) 

 

𝑇𝑟𝑜𝑜𝑓 = √(
𝑞𝑠𝑜𝑙𝑎𝑟 𝑟𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛

𝛼 𝜎 
)

4
                       (7) 

 
where 𝑞𝑠𝑜𝑙𝑎𝑟 𝑟𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛 is the solar radiation heat flux.  

Lastly, the overall heat transfer coefficient of the roof tiles can be expressed in Eq. (8) 
 

𝑈𝑟𝑜𝑜𝑓 =
1

1

ℎ𝑐𝑜𝑛𝑣,𝑖
+

𝐿

𝑘𝑐𝑙𝑎𝑦
+

1

ℎ𝑐𝑜𝑛𝑣,𝑟𝑜𝑜𝑓

                     (8) 

 
where ℎ𝑐𝑜𝑛𝑣,𝑖 is the convective heat transfer coefficient of indoor air to roof, ℎ𝑐𝑜𝑛𝑣,𝑟𝑜𝑜𝑓 is the 

convective heat transfer coefficient of the roof to ambient, L= 12mm is the thickness of roof tiles, 
and 𝑘𝑐𝑙𝑎𝑦 is the conductivity of clay tiles which is equal to 0.7106 Wm-1K-1 [17]. 

With these calculations, the maximum heat gain through the roof using the Sol-air temperature 
Eq. (1) can be determined. Then, the heat gain is used as the required cooling load for each chamber. 
The cooling capacity and final room temperature of each chamber will be calculated, followed by the 
hourly weather conditions in Malaysia based on [14]. Generally, in the condition-controlled chamber, 
the cooling is only by natural convection through the roof tiles. The indirect evaporative cooling 
system is cooled by natural convection through the roof tiles, convection through the cooling duct, 
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and conduction through the water inside the cooling duct. Lastly, the rooftop sprinkler system is only 
cooled by conduction through the water being sprayed on the surface of the roof tiles.  
 
2.3 Cooling Power in Condition-Controlled Chamber 
 

For in condition-controlled chamber, the only cooling is by convection through roof tiles that can 
be represented by Eq. (9). 
 
𝑄𝑐𝑜𝑛𝑣 = 𝑈𝑟𝑜𝑜𝑓𝐴[ (𝑇𝑖 − 𝑇𝐷𝐵) ]                     (9) 

 
where A is the area of roof tiles that are exposed to ambient. 
 
2.4 Cooling Power in Indirect Evaporative Cooling System Chamber 
 

For the indirect evaporative cooling system, the first cooling is by convection through the roof 
tiles, which is Eq. (9). For the convective cooling by the running airstream inside the duct, it can be 
expressed in Eq. (10). As water evaporation happens, the air temperature will ideally drop to the wet-
bulb temperature, but the actual wet-bulb temperature is always higher than the ideal wet-bulb 
temperature. The extent to which the temperature drops and approaches the wet-bulb temperature 
can be defined as the wet-bulb efficiency. It describes the ratio of the difference between the inlet 
and outlet airflow dry bulb temperatures to the difference between the inlet airflow dry bulb 
temperature and its dew point temperature as expressed in Eq. (12) [18]. Based on [6], the maximum 
efficiency for an indirect evaporative cooler that can be achieved is about 80%. Hence, the convective 
cooling by the duct can be expressed as Eq. (11).  
 
𝑄𝑐𝑜𝑛𝑣,𝑑𝑢𝑐𝑡 = 𝑈𝑐𝑜𝑛𝑣,𝑑𝑢𝑐𝑡 𝐴 [ (𝑇𝑖 − 𝑇𝑊𝐵′) ]                (10) 
 
𝑄𝑐𝑜𝑛𝑣,𝑑𝑢𝑐𝑡 = 𝑈𝑐𝑜𝑛𝑣,𝑑𝑢𝑐𝑡 𝐴 [ (𝑇𝑖 − (𝑇𝐷𝐵 − 0.8(𝑇𝐷𝐵−𝑇𝑊𝐵)) ]           (11) 
 

𝜂𝑊𝐵 =
𝑇𝐷𝐵−𝑇𝑊𝐵′

𝑇𝐷𝐵−𝑇𝑊𝐵
                       (12) 

 
where A is the area of cooling duct, 𝑇𝑊𝐵 is the ideal wet bulb temperature, 𝑇𝑊𝐵′ is the actual wet-
bulb temperature, 𝑈𝑐𝑜𝑛𝑣,𝑑𝑢𝑐𝑡 is calculated with Eq. (8) and replace thickness L to 2mm, k to aluminum 
conductivity of 239 Wm-1K-1, and ℎ𝑐𝑜𝑛𝑣,𝑟𝑜𝑜𝑓 replaced with calculated air convective heat transfer 

coefficient at 4ms-1 [19]. 
Next, as water is sprayed continuously inside the cooling duct, the cooling by water conduction 

through the cooling duct can be represented by Eq. (13). In this instance, the calculated Reynolds 
number shows the laminar flow inside the duct, and therefore the convective heat transfer 
coefficient can be calculated from the Nusselt Number for laminar flow over an isothermal flat plate 
that can be represented by Eq. (14) [20]. 

 
𝑄𝑐𝑜𝑛𝑑,𝑑𝑢𝑐𝑡 = 𝑈𝑐𝑜𝑛𝑑,𝑑𝑢𝑐𝑡 𝐴 [ (𝑇𝑖 − 𝑇𝑤𝑎𝑡𝑒𝑟) ]                (13) 
 

𝑁𝑢𝐿 =
ℎ 𝐿

𝑘
= 0.664 𝑅𝑒𝐿

0.5𝑃𝑟
1

3                   (14) 
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where k is fluid conductivity, Pr is Prandtl number which can be retrieved from source [21], A is the 
area of the cooling duct that is exposed to flowing water, L is the length of the flat plat, Re is Reynolds 
Number, 𝑈𝑐𝑜𝑛𝑑,𝑑𝑢𝑐𝑡  is the overall heat transfer coefficient of the cooling duct due to conduction and 
calculated based on Eq. (8) by replacing thickness L to 2 mm, k to aluminum conductivity of 239 Wm-

1K-1, and ℎ𝑐𝑜𝑛𝑣,𝑟𝑜𝑜𝑓 replaced with calculated water convective heat transfer coefficient. 

 
2.5 Cooling Power in Rooftop Sprinkler System Chamber  
 

For the third chamber that was installed with a rooftop sprinkler system, the cooling is done by 
the conduction of water on the roof tiles, and it can be expressed as Eq. (15). Similarly, the convective 
heat transfer coefficient by water is calculated by the Nusselt Number for laminar flow over the 
isothermal flat plate as Eq. (14). In the equation, 𝑈𝑐𝑜𝑛𝑑,𝑑𝑢𝑐𝑡 is the overall heat transfer coefficient of 
the cooling duct due to conduction and is calculated based on Eq. (8) by replacing ℎ𝑐𝑜𝑛𝑣,𝑟𝑜𝑜𝑓 with the 

calculated water convective heat transfer coefficient. The roof tiles’ surface temperature is the actual 
wet-bulb temperature with 80% wet-bulb efficiency and can be calculated from Eq. (12). However, 
the study by Jefrey [10] shows that when roof tiles’ surface temperature goes above 31°C, the rooftop 
sprinkler system can only reduce the roof tile temperature to a minimum of 30°C. This parameter will 
also be included in the modelling. 
 

𝑄𝑐𝑜𝑛𝑑,𝑟𝑜𝑜𝑓 = 𝑈𝑐𝑜𝑛𝑑,𝑟𝑜𝑜𝑓 𝐴 [ (𝑇𝑖 − 𝑇𝑟𝑜𝑜𝑓) ]                (15) 

 
where A is the area of roof tiles for respective to that chamber. 
 
2.6 Final Temperature in Respective Chamber  
 

To simulate the final temperature of each chamber, net heat is calculated by subtracting the solar 
heat gain with the cooling capacity of each element, as shown in Eq. (16). The net heat gain into the 
chamber causes the temperature to rise proportionally to the mass of air and the specific heat 
capacity of air at a given time. By restructuring the equation, Eq. (17) is expressed and is used for 
simulation by iterating to calculate the final room temperature. 
 

𝑄𝑛𝑒𝑡𝑡 = 𝑄𝑠𝑜𝑙𝑎𝑟 ℎ𝑒𝑎𝑡 𝑔𝑎𝑖𝑛 − 𝛴𝑄𝑐𝑜𝑜𝑙𝑖𝑛𝑔 = 𝑚𝑎𝑖𝑟𝑐𝑝
𝑇𝑡2−𝑇𝑡1

𝑡2−𝑡1
             (16) 

 

𝑇𝑖+1 = 𝑇𝑖 +
𝑄𝑛𝑒𝑡𝑡,𝑖∗(𝑡𝑖+1−𝑡𝑖)

𝑚𝑎𝑖𝑟 𝑐𝑝
                    (17) 

 
where 𝑐𝑝 is the specific heat capacity of that air could be retrieved from the source [21]. 

 
3. Results 
3.1 Temperature Profile of Respective Chamber 
  

The result in Figure 2 shows that the heat radiation starts to increase at 7 am and achieves its 
peak of radiation of 1076.5 Wm-1 at 2 pm. After that, as the sun goes down, the radiation starts to 
decrease and reaches zero at 9 pm. Besides, from Table 1, it is noticed that the resulting temperature 
of the condition-controlled chamber has the greatest increase in temperature, and it reaches the 
maximum temperature of 49.6°C at 2 pm. For the rooftop sprinkler system, the maximum 
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temperature is 45.3°C, whereas for the indirect evaporative cooling system is 40.4°C. Table 2 also 
indicates that the temperature reduction by the rooftop sprinkler system is about 4.3°C and by the 
indirect evaporative cooling system is about 9.2°C. Based on the research done about rooftop 
sprinkler system [9], this system do not much affect a reduction in indoor temperature. Moreover, a 
study [22] that used an indirect evaporative cooler stated that the temperature reduction across the 
cooling duct could be 8.56°C with mist and water shower used and under the ambient condition of 
38°C and 55%RH. This temperature drop of 8.56°C demonstrates that a temperature drop of 9.2°C is 
possible in this modelling. In contrast, the proposed indirect evaporative cooling system can decrease 
by up to 9.2°C which could be an alternative way to reduce the cooling load of interior space.  
 

 
Fig. 1. Solar radiation and temperature profile of respective chamber versus time 

 
Table 1  
The temperature profile in degree Celsius in each chamber versus the hourly weather 
Time(h) 0000 0100 0200 0300 0400 0500 0600 0700 0800 0900 1000 1100 

Cham 1 27.7 27.1 26.9 26.7 26.5 26.4 26.3 26.7 30.0 33.5 35.8 37.5 
Cham 2 28.0 27.0 26.8 26.5 26.3 26.2 26.0 26.7 32.3 38.3 42.1 45.0 
Cham 3 27.1 26.6 26.4 26.0 25.9 25.8 25.6 26.2 30.8 37.1 39.9 42.0 

Time(h) 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 

Cham 1 39.0 39.5 40.4 39.7 37.9 35.7 33.0 29.9 29.0 28.2 28.1 27.8 
Cham 2 47.6 48.3 49.6 48.6 45.4 41.4 36.7 31.4 30.0 28.8 28.6 28.1 
Cham 3 44.0 44.4 45.3 44.2 41.7 38.6 34.7 31.1 28.6 27.7 27.6 27.3 

 
Table 2 
The temperature difference profile in degree Celsius respective to chamber 2 versus the 
hourly weather 
Time(h) 0000 0100 0200 0300 0400 0500 0600 0700 0800 0900 1000 1100 

Cham 1 0.3 -0.1 -0.1 -0.2 -0.2 -0.2 -0.3 0 2.3 4.8 6.3 7.5 
Cham 3 0.9 0.4 0.4 0.5 0.6 0.4 0.4 0.5 1.5 1.2 2.2 3.0 

Time(h) 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 

Cham 1 8.6 8.8 9.2 8.9 7.5 5.7 3.7 1.5 1.0 0.6 0.5 0.3 
Cham 3 3.6 3.9 4.3 4.4 3.7 2.8 2.0 0.3 1.4 1.1 1.0 0.8 
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3.2 Cooling Load Profile of Respective Chamber 
 

By assuming that there is no heat storage effect in this simulation, the space heat gain is equal to 
the space cooling load. By retrieving the solar heat gain, we can obtain the cooling load in each 
chamber, as plotted in Figure 3. From this figure and Table 3, the cooling load in the respective 
chamber can be estimated. The indirect evaporative cooling system has the highest cooling load with 
49.2W, especially during the hours of high solar radiation. The higher cooling load represents the 
greater capability of the cooling system to remove heat from a designated space and results in a 
lower indoor temperature. 
 

 
Fig. 2. Solar Radiation and Cooling Load Profile of Respective Chamber 

 
Table 3 
The cooling load profile in Watt versus the hourly weather 
Time(h) 0000 0100 0200 0300 0400 0500 0600 0700 0800 0900 1000 1100 

Cham 1 0.6 -0.2 -0.3 -0.3 -0.5 -0.5 -0.5 0.9 12.8 25.4 33.5 40.0 
Cham 2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.9 8.0 15.6 20.3 24.3 
Cham 3 1.8 0.9 0.9 1.0 0.8 0.9 0.9 2.0 11.2 18.0 25.1 30.5 

Time(h) 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 

Cham 1 46.3 46.8 49.2 45.5 37.5 28.0 15.5 5.2 2.3 1.2 0.9 0.6 
Cham 2 28.3 28.2 30.0 27.1 22.0 16.0 7.8 2.1 0.3 0.0 0.0 0.0 
Cham 3 35.7 36.5 39.0 36.2 29.7 21.9 12.0 2.8 3.2 2.3 2.0 1.7 

 
4. Conclusions 
 

This study aimed to propose a new method of domestic cooling through roof ventilation assisted 
by evaporative cooling to overcome the drawbacks of air-conditioning systems and rooftop sprinkler 
systems. This modelling of this test house shows that the potential temperature drops of an indirect 
evaporative cooling system could reach up to 9.2°C when compared to a rooftop sprinkler system 
that could only reduce 4.4°C. Besides, the cooling load of the indirect evaporative cooling system in 
this test house has a potential maximum cooling capacity of 49.2W. This modelling shows there is a 
potential application of the indirect evaporative cooling system that aims to reduce the cooling load 
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in some buildings. Moreover, the cooling capacity can be increased by upsizing the system to meet 
the required space cooling.  

Future research can be done by validating the simulated room temperature and cooling capacity. 
After constructing the test house, the outdoor performance test will be carried out, indoor 
temperature will be recorded, and cooling capacity can be calculated based on various parameters 
such as temperature and humidity ratio that can be collected during the experiment phase. 
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