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Abstract—The increasing demand for clean water has driven the development of various technologies,
including seawater reverse osmosis (SWRO), rainwater harvesting, and atmospheric water harvesting
systems. Among these, atmospheric water harvesters operate using a vapor-compression refrigeration
cycle to condense water vapor from ambient air. This study investigates the effect of air velocity on
water production and heat transfer performance in a four-coil evaporator atmospheric water
harvester. An experimental approach was employed using R134a as the working fluid and a 1 PK
rotary compressor. The system was equipped with four coil-type evaporators, each with a tube
diameter of 6.35 mm, 26 turns, and a coil diameter of 80 mm. Air velocity was varied at 4 m/s, 5 m/s,
and 6 m/s. The results show that the highest water yield of 0.733 kg was obtained at an air velocity of
6 m/s over 7 hours of operation. The maximum heat transfer rate from air to the evaporator reached
290.778 J/s at an air velocity of 5 m/s. Meanwhile, the highest coefficient of performance (COPrev) of
9.21 was achieved under no-airflow conditions (0 m/s). These findings indicate that air velocity
significantly affects water production, heat transfer, and overall system performance, with optimal
conditions depending on the desired performance parameter.

IndexTerms—Atmospheric water harvester, Air velocity, Water production; Heat transfer, Four-coil
evaporator, Coefficient of performance (COP,,, )

I Introduction

Various technologies have been developed to address the increasing global demand for clean water,
particularly in response to the growing water scarcity crisis [1]. Common approaches include seawater
reverse osmosis (SWRO), rainwater harvesting, and fog harvesting systems assisted by wind energy [2-4].
Nevertheless, each of these technologies presents inherent limitations. For example, SWRO and
wind-assisted systems generally require high capital investment and operational costs [2]. Moreover, SWRO
is primarily applicable in coastal regions or areas with access to saline or brackish water sources [2]. In
contrast, rainwater harvesting systems are highly dependent on seasonal rainfall patterns, making them less
reliable in regions with low precipitation [3]. Similarly, fog harvesting technologies tend to be effective only
in high-altitude areas with high humidity and sufficient water vapor content [4].

As an alternative solution, atmospheric water harvester (AWH) technology offers greater flexibility, as it can
be applied in a wide range of environmental conditions. This system extracts water directly from ambient air
by condensing water vapor into liquid form through a refrigeration-based process. The system operates
using a vapor-compression refrigeration cycle, in which the evaporator plays a critical role in absorbing heat
from the air and facilitating condensation. According to Mirmanto et al. [5-6], AWH systems show strong
potential for meeting household-scale water demands due to their independence from conventional water
sources.
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Numerous studies have been conducted to evaluate the performance of AWH systems under varying
operating conditions. Djafar et al. [7], Suriatman et al. [8], and Mirmanto et al. [9-12] investigated system
performance across different parameters. In addition, studies by Firdaus [13], Fauzan [14], and Irhami [15]
specifically examined the influence of inlet air velocity on water production. These studies consistently
indicate that air velocity is a key parameter affecting heat transfer rates and the amount of condensate
produced.

However, most previous research has focused on single or parallel evaporator configurations. To address
this limitation, the present study proposes the use of four coil-type evaporators to increase the effective heat
transfer surface area. This work builds upon the research conducted by Firdaus [13], which utilized a
single-coil evaporator. By increasing the number of evaporators to four units, it is expected that water
production, heat transfer rate, and system performance—particularly the coefficient of performance
(COPrev)—will improve.

Previous studies also provide important insights into system design parameters. Ardiansyah [16]
investigated the performance of AWH with open and closed evaporator. The study used a Y4-inch diameter
copper pipe evaporator with R134a refrigerant and a %2 PK compressor. Experiments were conducted over 7
hours at the Heat Transfer Laboratory, Faculty of Engineering, University of Mataram, with each variation
repeated three times. The results demonstrated that evaporator orientation significantly affects water
production.

Furthermore, Mirmanto et al. [5] examined the effect of the number of evaporators on water production and
system performance. The evaporators, made of copper pipes (480 mm x 285 mm X 6.25 mm), were
arranged in parallel within an open box system (500 mm X 500 mm x 500 mm). The system operated using
R134a refrigerant at low and high pressures of 40 psi and 180 psi, respectively. Three configurations were
tested: one, two, and three evaporators. Each evaporator consisted of 25 copper tubes with a length of 285
mm. The results showed that increasing the number of evaporators enhanced water production, with a
maximum yield of 0.51 L over 7 hours.

Fauzan [14] investigated the performance of an AWH system using parallel condenser units and a 1 PK
rotary compressor with R134a refrigerant. The study varied inlet air velocity at 0 m/s, 1.5 m/s, 3 m/s, and
4.5 m/s. The highest water production was obtained at an air velocity of 3 m/s, with an average of 0.869 kg
over 7 hours. Meanwhile, the highest total heat transfer rate occurred at 4.5 m/s, reaching an average of
132.42 J/s.

In addition, Faroni [17] studied the effect of condenser pipe diameter on water production using a 0.5 PK
rotary compressor and R134a refrigerant. The pipe diameters tested were 3.00 mm, 4.00 mm, and 6.35 mm.
The results indicated that the highest water production, 0.369 kg over 7 hours, was achieved using a 3.00
mm diameter pipe. This configuration also produced the highest heat transfer rate, reaching 52.101 W.

Il. Materials and Method

The experimental apparatus contains evaporator, condenser, centrifugal fans, capillary tube,
compressor, condensation box, and bucket, as shown in Fig. 1. This study employed an experimental
method to evaluate the performance of an atmospheric water harvester system under different operating
conditions. The experimental approach allows for the investigation of system behavior by applying
controlled variations to selected parameters and comparing the results under different treatment conditions.
Devices and materials were prepared prior to the experiment to ensure smooth execution and avoid
interruptions during data collection. The main components of the system include a compressor, condenser,
evaporator unit, and capillary tube. Additional used in this study consist of a computer, thermocouples, an
anemometer, a barometer, a data logger, a digital weighing scale, a water collection container, and a fan to
control airflow. The working fluid used in the system was refrigerant R-134a.
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Figure 1. Schematic diagram of the apparatus

The variables considered in this study are classified into dependent and independent variables: Dependent
variables are those measured during the experiment and analyzed to evaluate system performance. These
include (i) Outlet air temperature, (ii) Outlet air relative humidity (RH), (iii) Mass of condensed water, (iv)
Heat transfer rate from air to the evaporator. Independent variables are controlled and varied according to
the objectives of the study. The independent variable in this research is the inlet air velocity, which was set
at 0 m/s, 4 m/s, 5 m/s, and 6 m/s.

Prior to system operation, the data logger was activated to record initial air temperature and relative
humidity. The desired air velocity was then set using a fan (e.g., 4 m/s). Afterward, the atmospheric water
harvester system was turned on. Once steady operation was achieved, data were recorded periodically,
including air temperature, relative humidity, inlet air velocity, compressor power consumption, and the mass
of water collected every hour. Each experimental run was conducted for duration of 7 hours. To ensure data
reliability, each test condition was repeated three times. The same procedure was applied for all variations of
air velocity.

The refrigerant used was R134a, and temperatures were measured using k type thermocouples connected to
data logger Applent 24 channels, and the air velocity was detected using a anemometer, while the mass of
the freshwater gained was measured using a digital balancer.

1. Results and Discussion

The experimental investigation was conducted using a vapor-compression-based air—water harvester
system to evaluate the effect of inlet air velocity on water production (m,) and the total heat transfer rate
absorbed by the evaporator (Q,). The experiments were performed at four air velocity conditions, namely 0
m/s (natural convection), 4 m/s, 5 m/s, and 6 m/s (forced convection). Each test was repeated three times to
ensure data reliability, resulting in a total experimental duration of 12 days. Data acquisition was carried out
for 7 hours per day, from 08:00 to 15:00 WITA, under relatively consistent environmental conditions.

Figure 2 presents the average mass of water produced under different inlet air velocities. The results clearly
demonstrate that air velocity has a significant effect on water production, as confirmed by the error bar
analysis showing non-overlapping intervals. This indicates that the differences between test conditions are
statistically meaningful.
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The highest average water production was obtained at an air velocity of 6 m/s, reaching 0.733 kg over 7
hours. This was followed by 4 m/s (0.677 kg) and 5 m/s (0.644 kg). Meanwhile, the lowest performance was
observed under natural convection (0 m/s), highlighting the importance of forced airflow in enhancing
system productivity.
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Figure 2. Relationship of freshwater mass and air inlet velocity

From a thermodynamic perspective, increasing air velocity enhances convective heat transfer between the
moist air and the evaporator surface. This leads to a higher rate of sensible cooling, enabling the air
temperature to reach the dew point more rapidly, thereby accelerating the condensation process [18]. In
addition, higher airflow rates increase the mass flow rate of humid air entering the system, which directly
increases the availability of water vapor for condensation.

However, it is important to note that the relationship between air velocity and water production is not
strictly linear. Although 6 m/s yields the highest water mass, the result at 5 m/s is lower than at 4 m/s. This
suggests the presence of competing mechanisms, such as reduced residence time of air within the evaporator
chamber at higher velocities. When airflow becomes too fast, the contact time between air and the cold
evaporator surface decreases, potentially limiting the condensation efficiency despite the increased mass
flow rate.

When compared to previous studies, the present work shows a noticeable improvement in water production.
Handaru [19] reported a maximum yield of 0.653 kg/7 hours, while Firdaus [13] obtained 0.622 kg/7 hours.
In contrast, this study achieved an average of 0.710 kg/7 hours at optimal conditions. The improvement can
be attributed primarily to system design modifications.

First, the use of four evaporator units significantly increases the effective heat transfer area. A larger surface
area allows more air—surface interaction, thereby enhancing condensation rates [5]. Second, the use of dual
fans increases airflow distribution and uniformity within the chamber, reducing stagnant zones and
improving overall system effectiveness. Third, the addition of multiple air inlets enhances air intake
capacity, ensuring a continuous supply of moist air into the system. These findings confirm that both airflow
management and heat exchanger configuration play crucial roles in optimizing atmospheric water harvesting
performance.

Figure 3 shows the average total heat transfer rate absorbed by the evaporator under different air velocity
conditions. Similar to water production, the error bar analysis indicates that air velocity significantly
influences the heat transfer rate. In general, increasing air velocity enhances convective heat transfer due to
a higher Reynolds number, which reduces the thermal boundary layer thickness and increases the heat
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transfer coefficient [20]. As a result, more heat is removed from the air, facilitating both sensible and latent
heat transfer processes.

Interestingly, the highest heat transfer rate was observed at 5 m/s rather than 6 m/s. This phenomenon can be
explained by examining the enthalpy difference between inlet and outlet air conditions. At 5 m/s, the system
achieves a more optimal balance between airflow rate and heat exchange effectiveness, resulting in a larger
enthalpy drop. In contrast, at 6 m/s, although the airflow rate is higher, the reduced residence time limits the
extent of cooling and condensation, leading to a slightly lower overall heat transfer rate.

The total heat transfer rate in this study reached 290.78 J/s, which is significantly higher than the results
reported by Firdaus [13] at 161.71 J/s and Handaru [19] at 124.16 J/s. This substantial improvement further
supports the effectiveness of the multi-evaporator configuration.
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Figure 3. Relationship of total heat transfer rate and air inlet velocity

From a physical standpoint, the enhancement can be explained by improved refrigerant distribution and
thermal uniformity across the evaporator coils. As reported by Wang et al. [21], uniform refrigerant flow
ensures that all evaporator tubes maintain a consistently low temperature, maximizing condensation across
the entire surface. This leads to an increase in all components of heat transfer, including sensible heat, latent
heat, and condensate heat.

Furthermore, the presence of multiple evaporators reduces thermal resistance within the system and
improves overall heat exchanger effectiveness. This aligns with fundamental heat transfer theory, where
increasing surface area and enhancing convection are key strategies for improving thermal performance
[20].

Overall, the results suggest that there exists an optimal range of air velocity that balances airflow rate and
heat transfer effectiveness. Excessively low velocity limits the supply of water vapor, while excessively high
velocity reduces contact time and system efficiency. Therefore, system optimization should consider both
aerodynamic and thermodynamic factors simultaneously.

In addition, the integration of multiple evaporators and improved airflow design represents a promising
approach for scaling up atmospheric water harvesting systems. Future work may focus on optimizing
evaporator geometry, refrigerant type, and control strategies to further enhance system performance and
energy efficiency.
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\VA Conclusion

This study confirms that the performance of a vapor-compression-based atmospheric water harvester
(AWH) is strongly influenced by inlet air velocity and evaporator configuration. The highest water
production was obtained at an air velocity of 6 m/s, reaching 0.733 kg over 7 hours, while the maximum
heat transfer rate of 290.78 J/s occurred at 5 m/s. These results indicate that increasing air velocity enhances
heat transfer and condensation, although excessively high velocity may reduce effectiveness due to shorter
air residence time. The use of four evaporator units significantly improved system performance compared to
previous studies, increasing the average water production to 0.710 kg/7 hours, higher than earlier results
(0.622—0.653 kg/7 hours). This improvement is attributed to the increased heat transfer surface area and
better airflow distribution. Overall, optimal airflow and multi-evaporator design are key factors in
enhancing AWH efficiency, making this system a promising solution for decentralized freshwater
production.
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