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During the dry season, clean water crisis often occurs in
various parts of Indonesia. As a result, clean potable water is
difficult to obtain. Therefore, this research uses an air-water
harvester machine, because this machine can be used anywhere
as long as there is a source of electricity at that location. This
study aims to determine the effect of inlet air velocity on air-
water harvester machines using one and two evaporators with
1.5 PK rotary compressor power on water mass and total heat
transfer rate. The method used in this research is the
experimental method, with variations in inlet air velocity of 0
m/s, 1.5 m/s and 3 m/s, using one and two split AC fin type
evaporators each with a capacity of 0.5 PK, with a pipe
diameter of 7.65 mm. The refrigerant used is R32. The study
was conducted from 09:00 to 16:00, for 18 days, 7 hours per
day. The results showed that the higher the air velocity used
and the increase in the number of evaporators, can increase the
mass of water and the heat transfer rate obtained. The highest
mass of water and heat transfer rate obtained in this study is in
the air velocity variation of 3 m/s using two evaporators, which
is 4.073 kg of water mass for 7 hours and a total heat transfer
rate of 1375.09 W.
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1. INTRODUCTION

During the dry season, clean water crises frequently occur in various regions of Indonesia. Clean water

plays a crucial role as a fundamental necessity for living beings. To meet this need, several efforts are
undertaken by the community, such as traveling long distances solely to obtain clean water, only to find murky
and unclean water instead. The provision of clean water in this context refers to water intended for consumption
(drinking water).

There are several methods for obtaining clean water, one of which is capturing water from the air. This
method has various types, including the use of wind turbines designed to extract water from the air. However,
this approach has certain limitations, such as requiring specific height conditions, high installation costs, and a
location with strong wind speeds. Additionally, it is highly dependent on weather conditions, although it can
produce a significant amount of water. Another method involves fog-harvesting nets, which also have
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drawbacks, as they rely heavily on foggy locations and are highly weather-dependent. Therefore, the most
practical and straightforward method is the use of an air-water harvester machine. This machine can be
employed in any location to extract water from the air, provided there is an available electricity source. It
operates using a vapor compression system in a refrigeration unit, where an evaporator serves as the medium for
condensing water vapor from the air to generate water (Mirmanto et al. 2021).

Research on air-water harvester machines has been widely conducted; however, these machines still
produce a relatively small mass of water. Some of these studies have been conducted by Winata (2021), Faroni
(2022), Prasetya (2022), and Azari (2022), however, the studies conducted so far have not been able to produce
water in large quantities. Winata (2021) produced 0.5043 kg of water in his study, while the studies conducted
by Faroni (2022), Prasetya (2022), and Azari (2022) only yielded 0.369 kg, 0.438 kg, and 0.44 kg, respectively,
within the same duration. However, Winata’s (2021) results were comparatively higher. Therefore, further
research on air-water harvester machines is crucial to enhance water production efficiency.

Mirmanto et al. (2023) conducted a study on an air-water harvester machine using a natural convection
method, without the assistance of an airflow fan on the evaporator coil. However, the obtained water mass and
heat transfer rate were 527 g and 75.47 W, respectively, which were lower compared to the use of forced
convection. Mirmanto et al. (2024a) investigated an air-water harvester machine utilizing forced convection with
two evaporator coils of 6.35 mm diameter, varying the inlet air velocity at the evaporator. The results showed
that an air velocity of 6 m/s increased the total heat transfer rate to 240 W. However, freshwater production
reached 1,457 g at an inlet air velocity of 5 m/s. In another study, Mirmanto et.al (2024b) examined the effect of
inlet air velocity variation using three evaporator coils with a 6.35 mm diameter and a 1 PK compressor.
However, the impact of air velocity on machine performance remained unclear. The highest recorded water mass
production was 1.72 kg, with a maximum total heat transfer rate of 582 W at an inlet air velocity of 5 m/s. Irhami
(2023) investigated an evaporator pipe arranged in parallel with a 1.7 mm diameter and a fan on the inlet side,
resulting in a water mass of 1.241 kg and a heat transfer rate of 208.21 W at a velocity of 5 m/s. Mar’i (2024)
conducted a study using a 0.5 PK air conditioning component with an evaporator pipe diameter of 7.65 mm. By
implementing a forced convection system, the achieved water mass was 3.73 kg, with a total heat transfer rate of
1,238.22 W at an air velocity of 3 m/s. Therefore, this study will employ a forced convection system while
increasing the number of evaporators, as higher water mass production has been observed with this approach.

Several factors influence the amount of water mass produced, including the relative humidity (RH) of the
incoming air, the temperature of the incoming air, the evaporator surface area, the evaporator pipe diameter, and
the inlet air velocity. Considering these factors, this study utilizes variations of one and two finned evaporators
from a split-type air conditioner (AC), each with a capacity of 0.5 PK and a 1.5 PK compressor, which is
available in the laboratory. The selection of finned evaporators from a split AC system is based on their larger
surface area and pipe diameter compared to the evaporator coils used in previous studies, which is expected to
enhance water mass production and heat transfer rates. Additionally, a forced convection method is employed,
with inlet air velocity variations of 0 m/s, 1.5 m/s, and 3 m/s. The objective of this study is to analyze the effect
of varying inlet air velocities (0 m/s, 1.5 m/s, and 3 m/s) using one and two finned evaporators from a split AC
system, with a 1.5 PK compressor in an air-water harvester machine, on heat transfer rates and the amount of
water mass produced.

2. RESEARCH METHODS

The dependent variable is the variable that cannot be controlled or determined. In this study, the
dependent variables are mass of water resulting from condensation, temperature of air leaving the evaporator,
RH of air leaving the evaporator and rate of heat transfer absorbed by the evaporator from the air.

The independent variable is the variable that can be controlled and determined. In this study, the
independent variable is the inlet air velocity, which is set at 0 m/s, 1.5 m/s, and 3 m/s. The study utilizes one and
two finned evaporators from a split-type air conditioner (AC), each with a capacity of 0.5 PK. Data collection for
each independent variable is repeated three times.

The method used in this study is the experimental method, conducted from 09:00 to 16:00 for a duration
of 18 days. The schematic of the equipment used in this study is shown in Figure 1, which consists of several
components of a refrigeration system.
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Figure 1. Experimental apparatus: 1. compressor, 2. condenser using fan in one unit, 3. capillary tube, 4.
evaporators connected in parallel and blower in a single unit, 5. condensate water collection tank, 6. accumulaor,
7. valve.

Figure 1 illustrates the components used in this study. The objective of this research is to analyze only the
heat transfer and the mass of water produced by the condensation unit (4); therefore, the refrigerant flow is not
examined. The exterior of the condensation unit (4) is insulated using aluminum foil, while the input pipes
leading to evaporator 1 and evaporator 2 (4) are insulated with sponge pipe wrap. The length of each input pipe
is set to 186 cm, and the output pipes are 197 cm, adjusted to match the experimental setup. The working
principle of the system shown in figure 1 is as follows. The compressor (1) compresses the refrigerant in its
vapor phase, directing it to the condenser (2). This process increases the refrigerant’s pressure and temperature.
The refrigerant then flows from the condenser (2) to the capillary tube (3), where sensible heat is released,
causing a decrease in refrigerant temperature, and latent heat is discharged, leading to a phase change from vapor
to liquid. Next, the refrigerant moves from the capillary tube (3) to the evaporator (4). Here, the refrigerant
passes through small pipes (3), which result in a pressure and temperature drop. Before reaching the evaporator
(4), the refrigerant first flows through the valve (7). When the valve is closed, the refrigerant flows only to
evaporator 1, whereas when the valve is open, it flows to both evaporator 1 and evaporator 2 with a series of
parallel pipes (4). During this process, latent heat is absorbed from the surrounding air, causing the water vapor
in the air to reach its dew point and condense. The resulting condensate is collected in the water storage tank (5).
In the final stage, the refrigerant, now in vapor form after absorbing heat, flows to the accumulator (6) to ensure
itis entirely in the vapor phase before being re-circulated by the compressor (1).

Table 1. Specification of tools and materials

Name Specification

Outdoor compressor unit, AC Sharp 1,5 PK (968 W)

condenser, capillary pipe

Two Indoor evaporator units AC Taco split fin type 0.5 PK, pipe diameter 7.65 mm,
evaporator area 0.168 m”

Anemometer Air velocity measurement range: 0 — 45 m/s (= 3%)

Monitor temperature Digital thermometer and thermocouple

Data logger Applent AT45-24 channels

Refrigerant R32

Air The condition of the room is not maintained

RH The condition of the room is not maintained

Inlet air velocity 0 m/s, 1.5 m/s, 3 m/s.

Dimension of intake air area 0,06 m x 0,3m=0,018 m’

Temperature Measured with a K-type thermocouple with error + 0,5 °C

The variable sought in this study is the heat transfer rate. The following equation is derived from
Mirmanto et al. (2024c). The first variables calculated are the mass flow rate of condensate, the mass flow rate of
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water vapor, and the mass flow rate of dry air. The mass flow rate of condensate can be determined using the
following equation (1).

my )

M =
w t

my, is the flow rate of dew or condensed water (kg/s), my is the mass of dew or water produced (kg), t is the
duration of the trial (s).

rhv = Wy X rhd (2)

m, is the water vapour flow rate (kg/s), w is the section of water vapour at the time of entering the evaporator

obtained through the online psychrometric chart at http://www.hvac-calculator.net/index.php?v=2 based on
evaporator inlet air temperature and RH. m, is the dry air mass flow rate (kg/s) which is obtained through

equations (3) and (4).

Ma = 31
g = @)

Equation (3) is used for the calculation of forced convection systems namely at an inlet air speed of 1.5 m/s and
3 m/s, while equation (4) is for natural convection systems namely at an inlet air speed of 0 m/s. m; is the total

mass flow rate (kg/s) which can be obtained through equations (6) and (7). While w is the portion of water
vapour that is condensed, which can be obtained using equation (5).

w=w; -Wwy (5)
w; is the share of water vapour at the exit of the evaporator, which can be obtained through the online
psychrometric chart at http://www.hvac-calculator.net/index.php?v=2 based on the temperature and RH of the
evaporator outlet air.

m; =1, + my (6)
m,=p xAXv (N

P is the density of air (kg/m’) which can be obtained from the atmospheric pressure table Cengel (2002), based

on the evaporator inlet air temperature. A is the inlet air area (m®), and v expresses the inlet air velocity (m/s).
After the mass flow rate is obtained, the heat transfer rate can be calculated using the following equation:

Qu= riy, X hgg ®)
Q. is the heat transfer rate of dew or water produced (W). hg is either evaporation or condensation (J/kg)

obtained from the table of vapour or saturated water properties Padang (2019), based on T .y is the average air
temperature entering and leaving the evaporator (°C).

T avg = (Tm + Toul)/2 (9)
T inis the evaporator inlet air temperature (°C) and T, is the evaporator exit air temperature (°C).

Qv = 1, X (hg in — hg out) (10)

Q, is the heat rate of the cooled vapour (W). hg i,is the enthalpy of saturated vapour entering the evaporator
(J/kg) and hg . is the enthalpy of saturated vapour exiting the evaporator. hg i, obtained based on the inlet air
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temperature and &g . obtained based on the exit air temperature of the vapour table or saturated water properties
Padang (2019).

Qd: I‘th(h in_h out) (1)

Qu is the heat rate of dry air (W). & i is the enthalpy of air entering the evaporator (J/kg) and 4 o is the enthalpy
of air leaving the evaporator. s i, obtained through online psychrometric charts at http://www.hvac-
calculator.net/index.php?v=2 based on evaporator inlet air temperature and RH. /4 ,,, obtained through online
psychrometric charts at http://www.hvac-calculator.net/index.php?v=2 based on the temperature and RH of the
evaporator outlet air.

Qtotal = Qw'" Q\ + Qa’ (12)
Qutar 18 the total heat transfer rate (W).

3. RESULTS AND DISCUSSION

From the calculations that have been carried out, the discussion will be divided into two according to the
research objectives of the effect of inlet air velocity with one and two evaporators on the mass of water and the
resulting displacement rate.

75
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Water production (kg)

| .'
0
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L5 3
Air velocity (m/s)

Figure 2. The effect of inlet air velocity using one and two evaporators on the mass of water produced.

Based on Figure 2, it can be observed that the differences in the water mass produced across the six
variations are significant, as indicated by the fact that the error bar legs do not intersect the horizontal line. An
increase in the inlet air velocity and the number of evaporators enhances the mass of water generated. The
highest water mass, 4.073 kg, was achieved at an air velocity of 3 m/s using two evaporators. This outcome is
attributed to the increased amount of water vapor entering the condensation unit per unit time with higher air
velocities. However, higher air velocity also reduces the contact time between the water vapor and the
evaporator surface, leading to greater vapor outflow and a relative humidity at the outlet RH , higher than at the
inlet RH ;,. Condensation occurs due to the heat transfer from the air to the evaporator wall, where the wall
temperature is lower than the dew point, causing the water vapor in the air to condense. Therefore, when the air
velocity decreases, the amount of vapor entering the evaporator is reduced; however, a greater proportion of this
vapor condenses due to the longer contact time, resulting in a lower amount of collected condensate but a lower
RH ou compared to RH i,. The lowest water mass production, 0.673 kg, was recorded at 0 m/s using a single
evaporator.

When comparing the mass of water obtained using one and two evaporators, a higher mass of water is
produced when using two evaporators. This is because the use of two evaporators increases the heat absorption
area, leading to greater water condensation. Mirmanto et al. (2021) conducted a study on the effect of increasing
the number of evaporators on the mass of water produced, demonstrating that a higher number of evaporators
results in an increased amount of water obtained. In this study, a similar trend was observed, where the mass of
water increased as the number of evaporators increased. However, in this study, when using two evaporators
arranged in parallel, the mass of water obtained per evaporator was lower than when using a single evaporator.
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This is because, in a parallel configuration, the refrigerant mass flow is divided into two, reducing the
effectiveness of the condensation process. Furthermore, during the experiment, there was no addition or
reduction of refrigerant mass, ensuring that the refrigerant mass remained constant across all variations.

In this study, similar to the research conducted by Muslimin (2025), a single AC evaporator with a
capacity of 0.5 PK, a compressor power of 1.5 PK, and an inlet air velocity of 3 m/s was used. However, the
results of this study yielded a water mass of 3.753 kg over 7 hours, whereas Muslimin (2025) achieved a higher
water mass of 5.837 kg over the same duration. This difference is attributed to the larger evaporator surface area
and inlet air area used in Muslimin (2025) study, which were 0.207 m? and 0.03 m?, respectively. The larger
surface area allowed for greater heat absorption, resulting in a higher amount of water vapor entering and
condensing. In contrast, this study utilized an evaporator surface area of 0.168 m? and an inlet air area of 0.018
m?, leading to a lower amount of water vapor entering and condensing due to the smaller heat absorption area.
This comparison further confirms that both the evaporator surface area and the inlet air area significantly
influence the amount of water produced. Consequently, the water mass obtained in Muslimin (2025) study
remains higher than in this study.
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Heat from dew (W)
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Figure 3. The effect of inlet air velocity using one and two evaporators on heat transfer from water or
condensation.
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Figure 4. The effect of inlet air velocity using one and two evaporators on heat transfer from water vapor.
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Figure 5. The effect of inlet air velocity using one and two evaporators on heat transfer from dry air.
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Figure 6. The effect of inlet air velocity using one and two evaporators on total heat transfer.

Based on figure 6, the total heat transfer consists of heat transfer from condensate (figure 3), water vapor
(figure 4), and dry air (figure 5). The differences observed in each variation are significant, as the error bar
margins do not intersect the horizontal line. The results exhibit an increasing trend similar to the other heat
transfer processes. The lowest total heat transfer is obtained at an air velocity of O m/s using a single evaporator,
amounting to 162.99 W. This low result is due to the O m/s velocity corresponding to natural convection heat
transfer. In contrast, the highest total heat transfer is achieved at an air velocity of 3 m/s using two evaporators,
reaching 1375.09 W. The increasing heat transfer is attributed to the rise in mass flow rate with increasing air
velocity, which significantly affects the calculated heat transfer rate, resulting in higher total heat transfer at 3
m/s. The use of two evaporators enhances heat transfer due to the larger heat exchange surface area. However,
when using two evaporators, the heat transfer per individual evaporator is lower than that of a single evaporator.
This occurs because, in a parallel configuration, the temperature drop is distributed across both evaporators,
leading to a less significant temperature decrease per evaporator compared to a single evaporator setup.

This study resulted in a total heat transfer of 1196.56 W using a single evaporator at an air velocity of 3
m/s, utilizing the same equipment as in the study by Muslimin (2025). The obtained result is lower than that of
Muslimin (2025), which reported a total heat transfer of 3030.78 W. This discrepancy is attributed to the larger
air inlet area and evaporator surface area used in Muslimin (2025) study, allowing a greater amount of water
vapor to pass through the evaporator. Additionally, a larger evaporator surface area and air inlet area contribute
to higher heat transfer, resulting in a greater total heat transfer. Consequently, this study yielded a lower total
heat transfer compared to Muslimin (2025).

4. CONCLUSION

Based on the research findings and analysis conducted on the effect of air inlet velocity using one and two
evaporators on the produced water mass and total heat transfer rate, the following conclusions were obtained:
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1. The highest water mass was achieved at an air inlet velocity of 3 m/s using two evaporators, with an
average water mass of 4.073 kg over 7 hours.

2. The highest total heat transfer rate was obtained at an air inlet velocity of 3 m/s using two evaporators,
with an average total heat transfer rate of 1375.09 W..
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NOMENCLATURE

1 . flow rate of dew or condensed water (kg/s)
m,, : mass of dew or water produced (kg)
t : trial duration (s)
w : large fraction of condensed water vapour (kg/kg ary air )
wy : large fraction of condensed water vapour (kg/kg ary air)
1) : large fraction of condensed water vapour (kg/kg ary air)
RHj, . relative humidity entering the evaporator (%)
RH ,, .evaporator exit relative humidity (%)

Ty . dry air mass flow rate (kg/s)

i1, . water vapour mass flow rate (kg/s)

T, . total mass flow rate (kg/s)

p . density of air (kg/m3)
A . cross-sectional area of inlet air duct (m?)
% . intake air velocity (m/s)
hy, - enthalpy of evaporation or condensation (latent energy) (J/kg)
hgin - enthalpy of saturated vapour entering the evaporator (J/kg)
heow - enthalpy of saturated vapour exiting the evaporator (J/kg)
hin . enthalpy of air entering the evaporator (J/kg)
N our . enthalpy of air leaving the evaporator (J/kg)
T, . evaporator inlet air temperature (°C)
T o . evaporator exit air temperature (°C)
T avg . average air temperature (°C)

Qu - heat flow rate of dew or water produced (W)

Q. - heat flow rate of cooled vapour (W)

Qu . dry air heat flow rate (W)

Qtotal . total heat transfer rate (W)
REFERENCES

Azari, A., Pengaruh diameter pipa evaporator terhadap massa air yang dihasilkan dengan sistem kompresi uap,
Skripsi Universitas Mataram, 2022.

Cengel, Y. A., Heat Transfer A Practical Approach, second ed, New York: McGraw Hill Inc, 2002.

Faroni, A., Pengaruh diameter pipa unit pengembunan terhadap massa air yang dihasilkan dari air-water
harvester, Skripsi Universitas Mataram, 2002.

Free online psychometric chart calculator. http://www.hvac-calculator.net/index.php?v=2.

Irhami, G., Pengaruh kecepatan udara masuk terhadap massa air yang dihasilkan pada mesin air-water harvester
dengan kipas disisi inlet, Skripsi Universitas Mataram, 2023.

Mar'i, A. K., Pengaruh kecepatan udara masuk terhadap massa air dan perpindahan panas pada mesin air water
harvester 0,5 PK, Skripsi Universitas Mataram, 2024.

Mirmanto, Alit, I. B., Maulana, A., Kinerja mesin air-water harvester dengan evaporator koil pada berbagai
kecepatan udara masuk, Dinamika Teknik Mesin, 14(1), 98-105, 2024,
https://doi.org/10.29303/dtm.v14i1.828

https://doi.org/10.29303/dtm.v15i2.1077
83



Dinamika Teknik Mesin.  Vayasqi et al. Effect of inlet air velocity on air-water harvester machines using one and two evaporator
with 1.5 PK compressor power

Mirmanto, Syahrul, Sutrisno, A. 1., Improved performance of an air water harvester with two coil evaporators at
various inlet air velocities, JP Journal of Heat and Mass Transfer, 37(3), 389-400, 2024,
https://doi.org/10.17654/0973576324027

Mirmanto, Syahrul, Wijayanta, A. T., Habib, A., Improvement of the performance of an air-water harvester with
different evaporator shapes, Case Studies in Chemical and Environmental Engineering, 8, 1-7, 2023,
https://doi.org/10.1016/j.cscee.2023.100517

Mirmanto, Syahrul, Wijayanta, A. T., Mulyanto, A., Winata, L. A., Effect of evaporator numbers on water
production of a free convection air-water harvester, Case Studies in Thermal Engineering, 27, 1-11, 2021,
https://doi.org/10.1016/j.csite.2021.101

Mirmanto, Wirawan, M., Mulyanto, A., Joniarta, I. W., Najib, A., Lestari, D. D., Winata, L.A., Faroni, A., Azari,
A., Mesin Air-Water Harvester Menggunakan Sistem Refrigerasi, Jilid 1, Mataram-NTB: Pustaka Bangsa
(Anggota IKAPI), 2024.

Muslimin, I. N., Pengaruh berbagai kapasitas evaporator terhadap massa air dan laju perpindahan panas pada
mesin air-water harvester, Skripsi Universitas Mataram, 2025.

Padang, Y. A., Buku Ajar Termodinamika 1, Mataram University Press, 2019.

Prasetya, 1. A., Pengaruh tekanan unit pengembunan pada mesin air-water harvester terhadap massa air yang
dihasilkan, Skripsi Universitas Mataram, 2022.

Winata, L. A., Pengaruh jumlah pipa evaporator vertikal terhadap laju aliran massa air yang diembunkan dari
udara, Skripsi Universitas Mataram, 2021.

https://doi.org/10.29303/dtm.v15i2.1077
84



