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 Clean water is a natural resource that humans really need. However, availability is starting 

to be limited. One solution to overcome this problem is to condense the water vapor in the 

atmospheric air. Condensation of water vapor can be done using an atmospheric water 

generator (AWG) based on the vapor compression cycle (VCC) using refrigerant. This 

research aims to find the best conditions for extracting water vapor content in atmospheric 

air where the best conditions are determined by the optimum amount of refrigerant used 

and also the optimum rate of atmospheric air. In this research, 3 variations of refrigerant 

mass flow rate were carried out, namely 0.00124 kg/s, 0.00128 kg/s and 0.00131 kg/s. 

Furthermore, for the best mass flow rate, 3 variations of atmospheric air velocity entering 

the cooling/condensing chamber were carried out, namely 2.7 m/s, 2.1 m/s and 1.6 m/s. 

The test results show that optimal conditions (producing the most water) occur at a 

refrigerant mass flow rate of 0.00124 kg/s and with an air velocity entering the 

condensation chamber of 1.6 m/s. The water produced under optimum conditions is 73 

ml/hour. Furthermore, the test results also show that apart from being a water producer, the 

AWG tool can also be used as an air conditioner for tropical areas. 
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1. INTRODUCTION 

 

Humans need water for daily needs, such as drinking, 

cooking, washing, bathing, and various other daily activities 

[1]. Water is also needed for various sectors of life, such as 

industry, agriculture, health, trade and other sectors, so that 

demand has experienced a significant increase [2]. 

Currently, several countries are experiencing a crisis in 

clean water sources [3, 4]. This water crisis problem can be 

overcome by utilizing water sources that come from 

atmospheric air. The Earth's atmosphere contains billions of 

tons of fresh water (98% in the vapor state) in the form of 

potential atmospheric dew [5]. 

There are two ways that can be done to extract water from 

atmospheric air. Namely by using absorbent material and by 

cooling the air until it reaches the dew point temperature [6]. 

Furthermore, air cooling can be done using a vapor 

compression cycle (VCC) machine or using a thermoelectric 

cooler (TEC). 

In line with the principle of air conditioning (AC) machines, 

Tripathi et al. [7] and Ahmad et al. [8] introduced a device 

called an atmospheric water generator (AWG) where 

atmospheric air is passed over a cold surface so that the water 

vapor in the air condenses into water. 

AWG devices use the principle of latent heat absorption 

using a VCC machine where high pressure refrigerant is 

obtained using a compressor [9-12]. Unfortunately, 

information about AWG is still very minimal except that it is 

explained that the tool does not work well at atmospheric air 

temperatures below 18.3℃ and relative humidity of 30%. 

Other research on AWG with VCC is related to modification 

of the input power source using solar panels [13] and 

combination with parabolic collectors [14] as well as 

increasing the absorption capacity of atmospheric air [15-17]. 

Furthermore, Shahrokhi and Esmaeili [15] designed an AWG 

by utilizing the cold side of the Thermoelectric Cooler (TEC) 

as an evaporator to help accelerate the saturation point of 

atmospheric vapor. TEC's electrical energy input is obtained 

from renewable energy (PV). Like Shahrokhi and Esmaeili, 

Abirami et al. [18] have also utilized a thermoelectric cooler 

in their research to help produce water from atmospheric air. 

Beyond air cooling methods, Ali et al. [16] proposed the use 

of composite carbon-based materials capable of absorbing 

sunlight across a broader energy spectrum to enhance the 

absorption capacity of atmospheric water vapor. Similarly, 

Xiang et al. [17] utilized nanoporous carbon to improve 

atmospheric vapor absorption, optimizing water generation 

performance. 

From the description above, it raises curiosity about 

whether the lower the cold surface temperature, the greater the 

water production will be and also whether the more air 

introduced into the cooling chamber will have a positive 
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impact on water production. In this research, the optimal 

conditions for the atmospheric air condensation system based 

on VCC refrigeration will be observed. 

 

 

2. LITERATURE REVIEW 
 

2.1 Air humidity  

 

Atmospheric air consists of a mixture of dry air and water 

vapor [19]. In addition, air humidity is the amount of water 

vapor contained in the atmospheric air. The water vapor 

content in atmospheric air depends on the amount of 

evaporation in the surroundings, such as from seas, lakes and 

rivers, as well as from ground water. Beside that, it can also 

come from the transpiration process, namely evaporation from 

plants or human respiration and sweat. The amount of water 

vapor also depends on air temperature, air pressure and wind 

[15, 20]. 

 

2.2 Condensation 

 

Condensation is the process in which water vapor 

transitions from the gaseous phase to the liquid phase [21]. 

This transformation occurs when the vapor is cooled below its 

saturation temperature, typically upon contact with a surface 

cooler than the vapor’s dew point. Initially, condensation 

begins with the formation of clusters of atoms or molecules in 

the air, situated in the interface between the gas phase and the 

liquid or solid surface [22]. 

Once liquid condensate forms on a surface, it typically 

flows downward under the influence of gravity. In many cases, 

the liquid wets the surface, spreading to form a thin film—a 

phenomenon referred to as film condensation. Conversely, 

when the surface is not wetted, individual droplets form, which 

coalesce and flow downward as they merge with other droplets, 

a process termed dropwise condensation [23]. 

 

 
 

Figure 1. Psychrometric of the air condensation process 

 

The condensation process can be illustrated in Figure 1. For 

example, at Point A, where the air temperature is 20℃ and the 

relative humidity is 70%, the dew point is calculated to be 

14.359℃. If air at these conditions contacts a surface with a 

temperature lower than the dew point, water vapor will 

condense into liquid droplets, reducing the vapor content in the 

air. As the surface temperature decreases further, more vapors 

condense [24]. The amount of condensation also depends on 

the air's humidity level; higher humidity allows for greater 

water collection. Studies have shown that water harvesting 

systems perform most efficiently in hot and humid 

environments [25-28]. 

 

2.3 Vapor compression cycle (VCC) 

 

The basic configuration of a vapor compression 

refrigeration system (VCC) is shown in Figure 2. The working 

fluid, typically a refrigerant [29], undergoes phase transitions, 

along with changes in temperature and pressure, as it circulates 

through the system’s main components [30]. Heat absorption, 

which cools the air, occurs in the evaporator, while heat is 

released in the condenser. For the refrigerant to discharge heat 

effectively in the condenser, its temperature must exceed the 

ambient temperature. Achieving this temperature differential 

requires the use of a compressor.  

 

 
 

Figure 2. Vapor compression 

 

Each heat exchange device such as the evaporator and 

condenser has a certain ability to transfer heat. 

 

2.4 R600a hydrocarbon refrigerant 

 

Based on its chemical properties, a good refrigerant is: non-

toxic, does not react with refrigeration components, and is not 

flammable, and does not have the potential to cause global 

warming (non-GWP (Global Warming Potential)) and does 

not damage the ozone layer (non-ODP (Ozone Depleting 

Potential)) [31]. 

In this research, the refrigerant R600a with the chemical 

formula C4H10, or it could also be called isobutane, was used. 

This refrigerant is widely used because of concerns about the 

problem of ozone layer depletion. Refrigerant R600a does not 

have the potential to damage ozone because it has ODP=0 and 

GWP=20 [32]. R600a refrigerant also has the characteristics 

of a lower pressure ratio, making it suitable for small 

compressors and saving energy consumption. Apart from that, 

R600a also has a smaller hydrocarbon density, so it uses less 

than synthetic refrigerants. In addition, the viscosity of R600a 

is smaller, this can lighten the load on the compressor [33, 34]. 

 

 

3. RESEARCH METHODS 
 

The research equipment setup is depicted schematically in 

Figure 3. The vapor compression system comprises four 

primary components: the evaporator, compressor, condenser, 

 
Condens or 

 
 

  Expansion Valve   Compressor  
 
 
 

Evaporator 

 

 

  

 

203



 

and capillary tube. The dimensions of the cooling/condensing 

chamber are 600 mm × 420 mm × 540 mm. In this study, a 1/8 

PK compressor was employed, with three variations in 

refrigerant filling pressure to achieve differing refrigerant 

mass flow rates. Both the evaporator and condenser are 

constructed from U-shaped finned pipes with 3.5 bends (U.35 

type), as illustrated in Figures 4 and 5. The evaporator’s 

dimensions (120 mm × 205 mm) are tailored to fit the cooling 

chamber, while the condenser’s dimensions (160 mm × 

205 mm) are larger to account for the higher amount of heat 

released compared to the heat absorbed in the evaporator. A 

capillary tube with a diameter of 0.031 inches and a length of 

160 cm was used. 

 

 
 

Figure 3. Scheme of testing installation AWG 

 

 
 

Figure 4. Dimension of evaporator 

 

Air is introduced into the condensation chamber via a fan 

with three-speed settings, producing air velocities of 1.6 m/s, 

2.1 m/s, and 2.7 m/s, achieved by adjusting the fan’s input 

voltage to 6 Volts, 8 Volts, and 12 Volts, respectively. 

Conversely, the air velocity passing through the condenser 

remained constant at 3.2 m/s, driven by a fan operating at 12 

Volts. The primary research parameters measured included the 

refrigerant mass flow rate at the compressor, the evaporator 

temperature, air temperature, and relative humidity, and the air 

speed entering the cooling chamber. Additionally, the air 

temperature exiting the chamber was recorded. The quantity 

of water produced was collected and measured. 

 

 
 

Figure 5. Dimension of condenser 

 

3.1 Experiment set-up 

 

The components of the VCC are assembled as in Figure 3 

and connected directly to an electrical source and a computer 

as a data recording device equipped with the LabVIEW 

software program [35-37] from National Instrument. The 

AWG image on the top right is an illustrative image because, 

in reality, the Evaporator is in a cooling chamber made of 

acrylic. Meanwhile, the Fan is placed on the surface of the 

acrylic wall, which functions to draw atmospheric air into the 

cooling chamber with 3-speed variations. The real AWG 

image is shown in the lower left corner. The evaporator 

functions as a cooler that flows refrigerant from the 

compressor. The compressor is given 3 variations of charging 

pressure to get 3 variations of refrigerant mass flow rate. Data 

collection was repeated three times for each variation in 

compressor filling pressure and air speed entering the cooling 

room. The test duration for each variation was 60 minutes. 

The study was conducted under three distinct environmental 

conditions: Inside a laboratory room, in an open courtyard 

adjacent to the laboratory building, and on the rooftop of the 

laboratory building, situated 13 meters above ground level.  

 

 

4. RESULTS AND DISCUSSION  

 

The mass flow rate of the refrigerant used is one of the 

important parameters in heat absorption in a VCC engine. 

Figure 6 shows the evaporator temperature during 60 

minutes of data collection at 3 variations in refrigerant mass 

flow rate. Initially the evaporator temperature decreases 

rapidly in about 5 minutes. Then it is relatively constant. It can 

be seen that the smaller the refrigerant mass flow rate, the 

higher the evaporator temperature will be closed to the air 

temperature. The difference between air and evaporator 

temperatures is getting smaller. This is in line with the less 

energy that can be absorbed by the evaporator. For a flow rate 

of 0.00131 kg/s, the evaporator temperature is around -5.81℃ 

and at a flow rate of 0.00128 kg/s it is around -2.45℃ and at a 

flow rate of 0.00124 kg/s it is around -0.35℃. 

Figure 7 shows the volume of water produced at three 

variations of refrigerant mass flow rate with an inlet air speed 

of 1.6 m/s (6 Volts). The largest volume of water was produced 

at a mass flow rate of 0.00124 kg/s, namely 73 mL with air 

humidity of 78.8%. Meanwhile, at a mass flow rate of 0.00128 
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kg/s the volume of water produced is only 40 mL with an air 

humidity of 68.4%, and at a mass flow rate of 0.00131 kg/s the 

volume of water produced is 43 mL with an air humidity of 

70.4%. At a mass flow rate of 0.00128 kg/s and 0.00131 kg/s 

the cooling temperature (evaporator) is significantly lower 

than 0℃ which results in the evaporator being covered in frost, 

thereby inhibiting the process of condensing the air into water 

drops. This results in low water production. This phenomenon 

shows that negative effects on water production occur if the 

coolant temperature is much lower than 0℃. It has been 

mentioned above that the amount of water production does not 

only depend on the cooling temperature but also depends on 

the amount of water vapor content in the air, so the 

performance of these three conditions can be assessed by 

comparing the ratio of the amount of water production to the 

relative humidity.  

 

 
 

Figure 6. Graph of Evaporator temperature for 3 variations 

in refrigerant mass flow rate with air velocity of 1.6 m/s (6 

Volts) 

 

 
 

Figure 7. Graph of water volume and humidity for 3 

variations of refrigerant mass flow rate with 1.6 m/s air 

velocity 

 

In the Figure 7 shows that for a mass flow rate of 0.00124 

kg/s the value is 0.93 and for a mass flow rate of 0.00128 kg/s 

the value is 0.58 and for a mass flow rate of 0.00131 kg/s the 

value is 0.61. The highest value is at a mass flow rate of 

0.00124 kg/s. Another thing that can be taken from the results 

of this observation is that the lower the cooling temperature 

does not guarantee that the resulting water production will be 

better.  

The best temperature should be slightly lower than 0℃. 

After obtaining the best mass flow rate, we will try to see how 

the air speed entering the cooling room affects water 

production. 
 

 
 

Figure 8. Graph of Evaporator temperature at 3 variations of 

air velocity at a refrigerant mass flow rate of 0.00124 kg/s 

 

Figure 8 shows the evaporator temperature for 60 minutes 

at 3 variations of air velocity entering the condensation 

chamber: 2.7 m/s, 2.1 m/s and 1.6 m/s on a refrigerant mass 

flow rate of 0.00124 kg/s. If the speed increases, the air will 

touch the evaporator relatively briefly. This results in the heat 

transferred by the air to the refrigerant in the evaporator being 

relatively smaller so that the evaporator temperature is still 

relatively lower. On the other hand, if the air speed is slowed 

down, the contact time of the air on the evaporator will be 

longer so that the air will transfer heat to the evaporator to a 

greater extent which has implications for higher evaporator 

temperatures. It can be seen that at the 10th minute, the change 

in speed from 2.7 m/s, 2.1 m/s causes the evaporator 

temperature to change from -4.41℃ to -1.10℃. Furthermore, 

the change in speed from 2.1 m/s to 1.6 m/s shows a relatively 

small change in temperature. Because the heating process take 

place continously, over time the evaporator temperature will 

reach its equilibrium state. In the picture, it appears to occur 

starting at 40 minutes. 

Figure 9 shows the volume of water produced and relative 

humidity in testing 3 variations of air velocity entering the 

cooling room for a refrigerant mass flow rate of 0.00124 kg/s. 

At an air velocity entering the cooling chamber of 2.7 m/s, it 

produces 39 ml/hour of water. At a velocity of 2.1 m/s it 

produces 54 ml/hour and at 1.6 m/s it produces 73 ml/hour. 

The quantity of atmospheric water produced from this research 

is greater than the study conducted by Ajiwiguna et al. [11] 

with maximum water production of 28.5 ml/hour at a velocity 

of 2.5 m/s. Furthermore, the ratio of the amount of water to 

relative humidity for velocities of 2.7 m/s, 2.1 m/s and 1.6 m/s 

is 0.53, 0.64 and 0.93, respectively. These results indicate that 

the optimum speed occurs at an inlet air velocity of 1.6 m/s. 

Compared with thermoelectric-based AWG [38], the results 

of AWG based on the VCC provide much better results. The 

thermoelectric AWG produces 5.5 ml/hour of water while the 

VCC AWG produces 73 ml/hour of water.
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Figure 9. Graph of water volume and relative humidity at 3 

variations of inlet air velocity on a refrigerant mass flow rate 

of 0.00124 kg/s 

 

 
 

Figure 10. Graph of air temperature leaving the cooling 

room at 3 variations in air velocity 

 

Another parameter measured is the temperature of the air 

leaving the cooling room. Figure 10 shows the average 

temperature of the air leaving the cooling room for 60 minutes 

with a refrigerant mass flow rate of 0.00124 kg/s with 3 

variations in air velocity entering the cooling room. It is also 

shown that the temperature of the environmental air entering 

the cooling room is greater than 18.3℃ as required by Tripathi 

et al. [7]. 

As expected, the lower the inlet air velocity, the lower the 

outlet air temperature because the heat absorption process in 

the evaporator takes longer. This phenomenon is very clearly 

visible in the change in velocity from 2.7 m/s to 2.1 m/s. 

However, the temperature change from 2.1 m/s to 1.6 m/s is 

very small. This indicates that the maximum ability of the 

evaporator to transfer heat begins to occur around before 1.6 

m/s.  

It was also revealed that the exit air temperature could reach 

24.46℃. This means that this AWG tool can also be used as 

an air conditioner, especially for tropical areas. 

Lastly, try to place the AWG device in another position in 

the building and operating it using the best parameters 

(refrigerant mass flow rate 0.00124 kg/s and air velocity 

entering the cooling room 1.6 m/s). The test results for the 3 

environmental variations, laboratory space, building courtyard 

and rooftop are shown in Figure 11. It can be seen that the use 

of AWG in the building courtyard and rooftop does not 

provide better results than when used indoors. 

 

 
 

Figure 11. Comparison diagram of water volume and relative 

humidity at 3 different environments 

 

The volume of water produced during 60 minutes of testing, 

in the laboratory environment, building roof top, and building 

courtyard were respectively 73 ml/hour, 10 ml/hour, and 28 

ml/hour. 

 

 

5. CONCLUSION  

 

The test results show that the best conditions are obtained at 

a refrigerant mass flow rate of 0.00124 kg/s with an input air 

velocity in the cooling chamber of 1.6 m/s. The water 

production rate under these conditions is 73 ml/hour. 

Furthermore, cooling temperatures that are far below 0℃ will 

have a negative impact on water production. The test results 

also show that the AWG device can double as a space cooler 

in tropical areas because the air temperature leaving the 

cooling room can reach 24.46℃. 
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NOMENCLATURE 

t time, minute 

Ta air temperature, ℃ 

Tev evaporator temperature, ℃ 

Subscripts 

AC air conditioning 

AWG atmospheric water generator 

GWP global warming potential 

ODP ozone depletion potential 

PK paardenkracht 

PV photovoltaic 

TEC thermoelectric cooler 

PV photovoltaic 

UV ultra violet 

VCC vapor compression cycle 
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