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Abstract

The increasing demand for clean water and the diminishing
supply of clean water sources can result in a clean water
crisis. Air is a ubiquitous, inexpensive, and clean water
source. Using Atmospheric Water Generators (AWG), the
water contained in the air can be extracted. This study's
objective was to determine the effect of inlet air temperature
and air heater power variations on tool performance and
PAWG condensate water production at a condenser angle of
75 degrees. The procedure utilized is experimental on three
PAWG boxes. Each box has a distinct temperature at its
entrance. The variation of inlet air temperature is
accomplished by heating the air before it enters the box with
an air heater; the applied power variations are 0.484 Watt,
0.964 Watt, and 1.702 Watt. The results demonstrated that
variations in air heater power and inlet air temperature
affected system performance and condensate water
production. Maximum water discharge and PAWG
performance were achieved when the air heating power was
0.48 watts and the water discharge was 1.166 milli liters per
hour. At 0.0084 ml/h/W, the Psys system performance had
the highest value. The variable air heating power of 0.946
Watt represents the utmost COP value of PAWG. This
power variable has a high temperature difference and
influences the COP value at high levels.
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1 Introduction

All organisms require water for numerous processes and
survival. Therefore, a sufficient water supply is required to meet
water demands. The increasing demand for clean water and the
decreasing supply of clean water could result in a water crisis. At
least one month per year, two-thirds of the global population (4.0
billion people) experiences acute water scarcity [1]. Of course,
some Indonesians also experience this. Initially, the earth was
covered in water surfaces; however, as population pressure
increases, the quantity of water surfaces is diminishing, and we
must seek alternative water sources [2]. The atmosphere is an
abundant, inexpensive, and pure source of water.

It is estimated that atmospheric air contains more than
12.91012 m? of renewable water, which is more than the total
quantity of freshwater available in the world's marshes, wetlands,
and rivers [3]. This quantity of water vapor is nearly 30 percent
untapped water. Using or applying the Atmospheric Water
Generators (AWG) tool [4] allows us to extract the water
contained in atmospheric air. This AWG instrument can convert
atmospheric air humidity directly into usable water, including
potable water [5]. Humidity is the amount of water vapor in the air
[6]. This term only applies to water in its gaseous state. There are
numerous methods for analyzing humidity, including mixture
ratio, specific humidity, and relative humidity. A portable
atmospheric air water generator (Portable Atmospheric Water
Generators) PAWG, which is smaller in size, lighter in weight,
and uses less energy, is presently being developed as one of the
tools for producing water from atmospheric air [7]. The
thermoelectric cooling (TEC) module serves a crucial role in
converting atmospheric air into water in the PAWG.

A thermoelectrical module is a device that, when subjected to a
direct electrical voltage, can generate a temperature difference.
Thermoelectric cooling (TEC) technology, which utilizes the
Peltier effect to generate a heat flux between the junction of two
distinct types of materials, has attracted widespread interest over
the past few decades. When the Peltier element is supplied with
DC electrical energy in a pair of P-type semiconductor cells
(which have a low energy level), thermoelectric cooling based on
the Peltier effect is initiated. The higher energy level of the N-type
semiconductor will cause one side of the Peltier element to cool
(heat absorption process) and the other side to heat [8]. To
calculate the dew point temperature from [9], the location must
know the current air temperature and relative humidity. For 100
percent relative humidity, the dew point temperature is the same
as the atmospheric temperature.
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Fig. 1. Peltier Element [10].

COP investigations of TEC modules, which examined
materials with modelling approaches, and strategies to improve
cooling performance [11] and [7], using genetic algorithms to
optimise thermoelectric coolers in limited volumes [12].

In addition to the thermoelectric module, there is a fan that
provides the necessary airflow and moves air into the heatsink to
aid in the condensation process. Condensation is the physical
transformation of vapour from the vapor phase to the liquid phase.
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Humidity is the quantity of water vapor that the air can hold. Air
humidity can provide a remedy for the dearth of potable water.
Because the atmosphere contains an estimated 12.9 1012 m3 of
regenerative water. Temperature determines the maximum
quantity of water vapor present in the air. Warm air is capable of
holding more water vapor than frigid air [4]. Designed a heat sink
with rectangular fins and analyzed the influence of various
operational parameters, including heat sink spacing with/without
fan, fan voltage, and heat applied to the heat sink [13]. [14] When
designing microchannel heat sinks that use water or air as a
coolant to dissipate heat. Experiments indicate that the orientation
of the thermoelectric condenser should be considered in order to
optimize the water collection rate under high humidity conditions
[15].

This AWG device employs latent heat to transform molecules
of water vapor into water droplets. Similarly, a PAWG (portable
air water generator) is a tiny, simple AWG that can be transported
and only produces a small quantity of condensate water. The
temperature required for water to condense is known as the dew
point temperature. Before selecting an efficient device, several
parameters must be determined, including cold surface
temperature (TC) and heated surface temperature (TH). TH
incorporates two primary parameters, the first of which is the
device's efficiency, which is the difference between the device's
hot surface temperature and the ambient temperature. Second, the
temperature of the environment in which the heat dissipates [5].
The cold surface temperature (TC) and the heated surface
temperature (TH) are determined by the air temperature entering
the PAWG system.

Each location simultaneously enters the system at a distinct
ambient temperature. Low, moderate, high, and even extreme
temperatures exist. The quantity of water vapor in the air increases
as the temperature rises. Consequently, muggy and humid
environments contain more water vapor [16]. In previous studies,
variations in the orientation of the condenser angle were observed,
but not the effect of air temperature entering the box if the
temperature of the incoming air varied at each location. Therefore,
it is necessary to conduct research representing a range of low to
high environmental temperatures. Obtaining an inlet air
temperature that varies from low to high at a particular location is
challenging, so adjusting the power variation on the air heater
installed on the inlet side of the system will cause inlet air
temperature variations.

This research seeks to determine the impact of inlet air
temperature and air heater power variations on the system
performance and condensate water production of PAWG with a
heatsink angle of 750 degrees. The angle orientation of heatsinks
is based on previous research [17]. The experimental research
procedure employs three PAWG boxes, each of which has a
different temperature. The variation of inlet air temperature is
accomplished by heating the air before it enters the box with an air
heater of varying power, specifically 0.484 Watt, 0.964 Watt, and
1.702 Watt.
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Fig. 2. Orientation of Heatsink 75°

2 Research Methods

This research was conducted at the Mechanical Engineering
Laboratory of Nusa Cendana University from 08:00 AM on 23
June 2022 until 08:00 AM on 24 June 2022. The tools and
materials used in this research are;

Table 1. Tools and materials used in this research.
Material/Tools Name Specifications

Tools
Power supply 12V 40A Switching Trafo Jaring
Fan Item Dimensions: 24x12,5x6,5cm

Peltier Element Brand Name : Generic, EAN :
6329161934776, Item Wight : 20.0 grams,
Manufacturer Series Number : KG103
Size : 12*12*1.3cm, Fan interface : 2.0 2
pin, Voltage : AC12V+20%, Rotate speed
: 3000 rpm+15%, Wire Length : 10cm)
Hot side heatsink Fan Size : 9*9*2.5cm, Current : 0.30A, Rotate
speed : 2500 rpm, Frequency : 50/60Hz,
Voltage : DC 12V
Size : 2*3*0.5cm, Power : 1-30 w, Voltage
DC12V
Volume capacity : 0-120 ml
SKU KW0600653

Materials
Length : 10cm, Number of fins : 21
Length : 4 cm, Number of fins: 8
Thick 2 mm

Inlet Fan

Air heater 220°C

Measuring Cup
Hot Wire Anemometer

Outer Heatsink
Inner Heatsink
Acrylic

The PAWG tool shown in Fig. 3.

Description: 1. Inlet air box, 2. Air heater, 3. Inlet air fan, 4. Inlet
air funnel, 5. Condensation chamber, 6. Hinge, 7. Portable
converter cover, 8. Hot heatsink, 9. Hot side heatsink fan, 10.
Peltier, 11. Cold heatsink, 12. Cold side heatsink fan.

Fig. 3:. Schematic of the PAWG tool system

The operating principle of this device is that ambient air enters
through the inlet and passes through the air heater to reach the
desired temperature. By using a fan, the compartment is filled with
air. This process can be accelerated by passing the same hot air
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through the cold side of the TEC so that the water droplets do not
freeze and water condensation occurs.

The data was collected by situating temperature measuring
instruments on the inlet side, within the box, on the cold side of
the Peltier, on the hot side of the Peltier, and at the ambient
temperature. This study measured the temperature inside the box,
the cold side Peltier temperature, the hot side Peltier temperature,
the inlet air temperature, and the environmental temperature using
a thermocouple data recorder and the Elitech-RC-4Hac to measure
the outside and inside humidity. These data are calculated in real-
time using a data recorder, and freshwater production data is
measured with a measuring cup.

The research commences with the placement of three PAWG
test media representing three independent variables, namely the
inlet air temperature heated by an air heater with 0.484 Watt,
0.964 Watt, and 1.702 Watt of power. While the dependent
variable is the PAWG tool's performance. The three media were
set in an open area with a northern orientation. Using temperature
data loggers, thermocouple data loggers, and outside and inside
humidity sensors, they calibrate measuring instruments. Every two
hours for 24 hours, beginning at 08.00 WIB and ending at 08.00
WIB the following day, data is collected. Before testing, all testing
instruments must undergo the calibration procedure.

The measurement data were tabulated to generate a graph
illustrating the relationship between the test variables and each
independent variable. In addition, the data were processed with
formulas in order to ascertain the performance of the PAWG
system via COP (coefficient of performance) analysis and
developed performance analysis. To evaluate the performance of
the PAWG system, one can use the formula devised in [17].

_ Wg/hour
Psys = Pawe €Y)

Where Psys is the system performance, Wg/hour is the flow rate of
water produced in (ml/h), while PAWG is the sum of the power
consumed by the incoming fan (Pran1), the energy consumed by
the outgoing fan (Peanz) and the power consumed by the Peltier
(Ppet.);

PAWG = l:)Fan,l + l:)Fan,z + 1:)F'el. (2)

3 Results and Discussion.

3.1 Results
Y
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Fig. 4. Graph of the relationship between temperature, humidity
and volume of water produced by the heater variation with a
power of 0.484 Watt. (a) Temperature vs Time, (b) Moisture vs
Time, (c) Freshwater produced vs Time.

The results of testing the effect of changes in inlet air
temperature through variations in heater power of 0.484 Watts,
0.946 Watt, and 1.702 Watt on water productivity are tabulated
and graphed as shown in the following Fig. 4.

With an inlet air velocity of 0.97 m/s and a heating power of
0.484 Watt, as shown in Fig. 4, the temperature of the hot side
Peltier is the highest, followed by the temperature in the box and
the ambient temperature, and the temperature of the cool side
Peltier is the lowest. At 2:19 p.m., the Peltier hot side temperature
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reached its maximum point of 38.50C, before dropping to 24.8°C.
The cold side of the Peltier reached its maximum temperature of
19.5°C at 4:24 a.m. and then dropped to 16.5°C. The relative
humidity inside the PAWG instrument reduced at the beginning of
the test and then increased to 90%, whereas the relative humidity
outside grew from the beginning to the middle of the test and then
decreased. While the highest freshwater productivity occurred at
2:19 PM, at 3.6 ml, and the lowest at 10:09 AM, at 1.1 ml, the
lowest freshwater productivity occurred at 10:09 AM, at 1.1 ml.
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Fig. 5. Graph of the relationship between temperature, humidity
and volume of water produced by the heater variation with a
power of 0.946 watts. (a) Temperature vs Time, (b) Moisture vs
Time, (c) Freshwater produced vs Time.

For PAWG with an air velocity of 0.97 m/s and heating power
of 0.946 watts (Fig. 5), the highest Peltier hot-side temperature
occurred at 2:19 PM at 39.5°C, then decreased to 29.5°C. While
the Peltier cold side temperature, the highest temperature occurred
at 4:24 PM, which was 19.7°C and dropped to 16.7°C. The
humidity in the PAWG device initially decreased at the beginning
of the test and then increased to 78%, while the outside humidity,
from the beginning to the middle of the test time, increased and
then decreased. The highest freshwater productivity occurred at
6:28 PM at 2.6 ml, and the lowest occurred at 10:09 AM with a
water production of 0.8 ml.
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Fig. 6. Graph of the relationship between temperature, humidity
and volume of water produced by the heater variation with a
power of 1,702 Watts. (a) Temperature vs Time, (b) Moisture vs
Time, (c) Freshwater produced vs Time..

As for the PAWG with an air velocity of 0.97 m/s and heating
power of 1,702 Watt (Fig. 6), for each time the data is taken, the
Peltier hot side temperature is the highest, followed by the
temperature in the box, environmental temperature, and the lowest
Peltier cold side temperature. The highest Peltier hot-side
temperature occurred at 06:28 PM at 40.2°C, then decreased to
37°C. Peltier cold side temperature, the highest temperature,
occurred at 02:45 AM, which was 35°C and decreased to 26.5°C.
The humidity inside the PAWG device initially reduced at the
beginning of the test and then increased to 88%, while the outside

humidity, from the beginning to the middle of the test time, rose
and then decreased. The highest freshwater productivity occurred
at 2:45 AM at 1.9 ml, and the lowest freshwater production
occurred at 10:09 AM with a water production of 0.5 ml.

3.2  Research Data Processing

The data processed in this study are fan specification data such
as Peltier elements. This data is processed using formulas to
obtain system performance and the system's Coefficient of
Performance. To analyse the performance of the PAWG system,
equations (1) and (2) can be used.

The results of the data analysis of the PAWG system
performance, namely Psys They are tabulated, as shown in Table 1
and made as a graph in Fig. 6 to facilitate discussion.

Table 2. The results of the system performance analysis (PAWG)
are Psys. for heater variations with power of 0.484 Watts, 0.946
Watts, and 1.702 Watts.

Heater Variety Wag/hour (ml/h)  PAWG (Watt)  Psys (ml/h/W)
Box 1 (0.484 watt) 1.166 137.4 0.0849
Box 2 (0.946 watt) 1.000 137.4 0.0727
Box 3 (1.702 watt) 0.675 137.4 0.0491

The table 2 shown in graph form as shown in Fig. 6.
1.4

Power box 1 (0.484 watt) Power box 2 (0.946 watt) Power box 3 (1.702 watt)

Fig. 6. Relationship between heating variation and Psys

The performance of a PAWG device is assessed by the
magnitude of the Coefficient of Performance (COP) [18] with Eqg.
3:

_ Ouput

COoP 3)

"~ Input

The output or goal of the PAWG system is the condensation
effect, while the input effect is the energy absorbed by the Peltier
and fan. So Eq. 3 becomes Eq. 4;

Condensation effect
COP = . 4)
Pin

COP is the heat absorbed on the cold side Qc divided by the
input power: COP = Qc/Pin [19]. So in this study, Qc is the
condensation effect while Piy iS Pran + Ppeitier (EQ. 5-6).

COP = % = L (5)
Pi PFan + PPetier
where;

Qc = m(hyer — heorg) (6)
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Fig. 7. Relationship between independent variables on COP and
AT

3.3 Discussion

Peltier hot side and Peltier cold side temperature changes for
0.484 Watt, 0.946 Watt, and 1.702 Watt water heater power
exhibit the same trend of change from 10:09 a.m. to 10:37 p.m.,
but then decrease slightly for Peltier cold side temperature and
increase slightly for Peltier hot side temperature until the
conclusion of the test. The decreasing temperature trend of the
Peltier's hot side and cold side at the conclusion of the test is
directly proportional to the decreasing outside humidity.
Obviously, the temperature of the heated side of the Peltier and the
cold side of the Peltier is affected not only by the temperature of
the air passing through the air heater, but also by the surrounding
humidity. This result explains why the cold side surface
temperature drops below the dew point of the incoming humid air
temperature, resulting in the formation of a water deposit on the
cold side surface. As a consequence, heat and mass transfer occur
simultaneously near the surface of the cold side, and both heat
transfer processes are mutually advantageous. Increasing the
relative humidity of incoming moist air contributes to mass
transfer as the moisture content difference between incoming air
and air near the frigid surface increases. A more efficient mass
transfer accelerates heat transfer from the inlet air to the cold-side
surface, so the temperature of the cold-side surface rises as the
relative humidity of the inlet air rises. The same trend occurs in
the surface temperature of the hot side and is associated with an
increase in heat transfer from the cold side to the heated side.

Fig. 6. depicts the water discharge produced by each variable
water heater, with the 0.484 Watt water heater discharging
1.16666 ml/hour and the Psys system discharging 0.00849 ml/h/w.
For the air heater, 0.946 Watt decreased to 1.0 ml/hour, followed
by a 0.00728 ml/h/w decrease in Psys system performance. But for
the 1.702 Watt water heater, the water discharge is reduced to 0.67
ml/hour, followed by a 0.0041 ml/h/w decrease in Psys System
efficacy. The heating variation with 0.484 watts results in the
greatest water discharge and the highest system performance; this
is because the small power causes low inlet air temperature,
which, when in contact with the constant cold and hot side heat
sink, produces a great deal of water and maximum performance.

Fig. 7 reveals that the variable air heater with a COP of 0.946
Watt has the highest COP, followed by the variable air heater with
a COP of 0.484 Watt, and the variable air heater with a COP of
1.702 Watt has the lowest COP. This occurs due to the
temperature difference (T) between the hot side and cool side of
the Peltier device. As can be seen in the graph, the greater the
temperature difference, the greater the COP. Maximum
temperature difference (T) is observed in the variable air heater at
0.946 watts, followed by the variable air heater at 0.484 watts and
the variable air heater at 1.702 watts with the lowest COP. This
occurs because, with sufficient power to generate high inlet air

temperatures, the water vapor produced by latent heat is
suboptimal.

4 Conclusions.

The conclusion that can be derived is that the water
discharge generated by each variable water heater is 1.16666
ml/hour for the 0.484 Watt water heater and 0.00849 ml/h/
day for the Psys system. For the air heater, 0.946 Watt
decreased to 1.0 ml/hour, followed by a 0.00728 ml/h/w
decrease in Psys system performance. But for the 1,702 Watt
water heater, the water discharge is reduced to 0.67 ml/hour,
followed by a 0.0041 mi/h/w decrease in Psy System
efficacy. The 0.484 Watt heater variation produces the
highest water discharge and has the highest system
performance of the three variations listed above. The COP
indicates the efficacy of the PAWG, with the variable water
heater having the highest COP at 0.946 watts. As can be
seen in the graph, the greater the temperature difference, the
greater the COP. It comes out that the variable air heater has
the greatest temperature difference (T) at 0.946 watts..
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