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Article history: Human life cannot be separated from water; therefore, water must be fulfilled because
Received 14 June 2023 it is a basic human need. In the dry season, several regions in Indonesia experience a

Received in revised form 8 September 2023 c|ean water crisis. This crisis needs to be overcome with methods or equipment that can
Accepted 20 September 2023 produce water. Various methods for obtaining clean water were carried out in previous
Available online 8 October 2023 research, but not all methods were suitable for the current condition of Indonesia's
territory. One method that could be used in all positions and situations and was suitable
for household scales was an air-water harvester machine using a cooling machine.
However, this method resulted in less freshwater production. Therefore, the authors
were interested to examine the effect of the evaporator positions on the freshwater
production and heat transfer rates. This research was carried out experimentally with
the working fluid refrigerant R134a. The compressor used was a rotary type 1 PK
compressor. This study varied the positions of the coil evaporator, namely the vertical

Keywords: position, the 45° position, and the horizontal position. The highest freshwater
Air-water harvester; evaporator production and heat transfer rate were attained using the vertical position. The
position; freshwater production; heat maximum freshwater production and heat transfer rate were 0.641 kg and 127.17 W
transfer rate respectively.

1. Introduction

In all human activities, water is a basic need such as household needs, for example for drinking,
cooking, bathing, washing, industrial needs, trade needs, agricultural and animal husbandry needs,
shipping needs and so on. When the dry season arrives, some areas in Indonesia experience a clean
water crisis, as happened in several areas in South Kuripan Village, Kuripan District, West Lombok
Regency, Central Lombok, NTT and parts of Central and East Java. Therefore, it takes some method
or equipment to produce water.

Various methods of obtaining clean water have been reported in previous studies, such as
purifying dirty or waste water, seawater distillation, reverse osmosis, dew harvesting using nets, and
dew harvesting using windmills. Seawater distillation is an easy way to do it, but requires high energy
unless the energy used comes from the sun. In addition, this method cannot be applied in highland
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areas or far from the sea. Catching dew with a net can be maximized if the net is placed in a zone
that has a lot of moisture. The use of windmills is not suitable for residents with a low economic level,
except for residents who have a higher economy or the government, because it is expensive to
manufacture. An alternative method that can be used in all places and conditions, and is suitable for
the household scale is to convert water vapor into dew using a cooling machine as reported in
Mirmanto et al., [1] which is often called an air-water harvester machine using the working principle
of the vapor compression cycle.

Much research on air-water harvester machines has been carried out, such as by Mirmanto et al.,
[1,2], Atmoko [3], Gaol [4], and Ahmad [5]. Atmoko [3] researched a water-producing machine using
a 1.5 PK AC engine with the original evaporator from the AC machine itself and producing 4.29 liters
of water/hour. Gaol [4] conducted research on a water-producing machine using an AC machine with
3/4 PK power, refrigerant type R410a obtained a yield of 2.01 liters/hour and Ahmad [5] examined
an air-water harvester made of copper pipes and a parallel evaporator. The refrigerant used is R134a
and the compressor used is a rotary type 1/2 PK compressor. This research produces water of 0.369
kg/7 hours. Mirmanto et al., [2] examined the effect of evaporator diameters on performances of a
custom air water harvester. Mirmanto et al., [2] used a parallel evaporator, R134a refrigerant and
1/2 PK compressor power and air flow was assisted by a fan. The water yield obtained was only 0.369
kg/7 hours of experiment. Ibnu [6] also conducted research on a water-producing machine with a
spiral-shaped evaporator and air entering at a speed of 2.2 m/s. The machine uses R134a and the
compressor power is 1/2 PK. The results obtained were still small, namely 0.4384 kg/7 hours.
Meanwhile, Ridho [7] conducted research using an evaporator in the form of vertical pipes, 1/2 PK
compressor power, and R-134a refrigerant. Aerospace research variations are the evaporator
position, namely vertical, 45° and horizontal. The results obtained were 0.3537 kg/7 hours.

Universally, the research results that were carried out above were the original AC evaporator,
parallel evaporator and coil evaporator. Then there was only one study that examined the position
of the evaporator, namely Ridho [7] while the other was the heat transfer systems such as natural
convection, and forced convection. However, no one had examined the position of the coil
evaporator against the mass of freshwater produced by the forced convection system. For this
reason, this study continued the study of Ibnu [6] by using a coil evaporator and following the study
of Ridho [7] by varying the position of the evaporator.

2. Materials and Method

The experimental apparatus is given in Figure 1. The shape of the evaporator is the coil and the
evaporator positions varied are vertical, inclined 45°, and horizontal. The apparatus contains a PVC
tube (condensation room), a coil evaporator, a condenser, a compressor and a capillary tube. The air
flowed through a fan and came into the condensation room where the coil evaporator was placed.
Due to the cold evaporator wall, part of the water vapour contained in the air condensed. The
condensate flowed down along the PVC tube and was collected using a bucket placed near the end
of the PVC tube. The temperature of the evaporator walls is lower than the dew point. Then the air
flows out from the condensation room through the bottom hole of the PVC tube.

All temperatures were measured using K-type thermocouples that were calibrated against the
stainless steel thermometer probe that emerged in an oil bath. The measurement ranges of the
thermocouple are -50°C to 1300°C and the uncertainty of the temperature measurements was +
0.5°C obtained from the calibration. The relative humidity, ambient temperature and ambient
pressure were detected using a digital hydro-barometer model Fj3373B. Meanwhile, the freshwater
attained was weighed using a digital balancer model CAMRY 5055.
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Fig. 1. Evaporator positions (a) vertically, (b) incline 45°, (c)
horizontally, and (d) is the coil evaporator that is placed inside
the PVC tube

<—— Coil shape

To analyze the results, some equations are used. The mass flow rate of the freshwater is
calculated using Eq. (1) which could be obtained in Mirmanto et al., [1,2] and is written as

md :T (1)

m, is the mass flow rate of the dew or freshwater (kg/s), mq is the mass of dew (kg), t is the time
running of the machine (s). Meanwhile, the total mass flow rate can be estimated as

m, = pAV (2)

m, is the total mass flow rate of the air (kg/s), p is the density of the air (kg/m3) that can be

obtained in the atmospheric air table based on the average air temperature. A is the inlet area (m?),
and Vis the air velocity at the entrance (m/s). The part of water vapour in the air can be known using
an online psychometric chat that can be accessed in HVAC Calculator [8]. By inputting the parameter
dry bulb temperature and relative humidity (RH) into HVAC Calculator [8], part of the water vapour
can be found.

m,=m, +m,

mt =mda + Wlmda
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rht
= 3
1+w, )

mda

m,, is the mass flow rate of dry air (kg/s), m, is the mass flow rate of water vapour at the entrance

(kg/s) and ws is part of water vapour at the entrance (kg./kgda) that can be obtained in HVAC
Calculator [8]. Heat transfer rates from the air to the evaporator walls contain heat transfer rate from
dry air, heat transfer rate from water vapour and heat transfer rate from dew or freshwater. The heat
transfer rate from the dry air can be estimated using Eqg. (4) which can be obtained in Cengel and
Boles [9], Incropera et al., [10], and Mirmanto et al., [1,11-13].

C.zda = mducpda (Tl - To ) (4)

Q,, is heat transfer rate from dry air (W), T; and T, are the inlet and outlet temperatures of the

air (°C), and cpda is the specific heat of the air (J/kgK). The parameter can be obtained from a table of
air at atmospheric pressure based on the average air temperature, Eq. (5) that can be seen in
Mirmanto et al., [1,11].

T, =T +T,)/2 (5)
Tav is the average air temperature (°C). The heat transfer rate from the water vapour can be

calculated using Eq. (6) which can be obtained in Mirmanto et al., [1,11-13], Fauzan [14], and
Sunaryono [15].

Q,=m,c,,(T,-T,) (6)

Qv is the heat transfer rate from the water vapour (W), cpv is the specific heat of the vapour
(J/kg°C). Then, the heat transfer rate from the dew or freshwater can be determined using Eq. (7)

which can be found in Mirmanto et al., [11-13], Fauzan [14], and Sunaryono [15] and written as:

Qd = mdhlg (7)

Qd is the heat transfer rate from the dew or freshwater (W), hyy is the latent heat of condensation

(J/kg). Then the total heat transfer rate from the air to the evaporator walls is equal to the sum of all
heat transfer rates and it is expressed as:

Qt :Qda +Qv +Qd (8)
Eq. (8) can be found in Mirmanto et al., [1,2,11,12], Fauzan [14], and Sunaryono [15].
3. Results and Discussion

The data obtained on the online psychometric chart is the portion of water vapour in the air when
it enters the evaporator (w1), it requires the temperature of the air entering the evaporator and RH;,
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by entering temperature and RH into the online psychometric chart: Free online Psychometric
Calculator (HVAC-calculator .net), obtained data as shown in Table 1.

Table 1
The results of the psychometric chart calculation
Evaporator position Ti To RHi RHo w1

(°C) (°C) (%) (%) (kgv/kgda)
Vertical 29.13 25.27 76.14 88.43 0.01947
45° 29.04 25.16 76.43 88.86 0.01944
Horizontal 28.64 24.66 77.71 89.71 0.01931

To get the value of wi, the value of Tin and RHi is needed, it is known that the value of Ti=29.13°C
and RH; = 76.14, then the value of w1 is obtained so that the value of w1 = 0.01947 kg vapour /kg dry
air =19.47 g vapour/kg dry air. From the data obtained in the study, the following parameters can be
calculated: the mass flow rate of condensed water (mg), the heat flow rate from dry air (Q4a), the
heat flow rate from dew or water (Quq), the heat flow rate from the cooled vapour (Qy), the mass flow
rate of dry air (mdqs), the mass flow rate of incoming water vapour (m,), the total mass flow rate of air
(M), and the total heat flow rate absorbed by the evaporator (Q:).

The results of the average water mass are shown in Figure 2. The most water mass was produced
by the vertical position evaporator with a total average mass of water produced as much as 0.653 kg,
followed by the evaporator in position 45° with an average mass of water as much as 0.567 kg and
horizontal position evaporator with the lowest average water mass obtained as much as 0.519 kg. As
can be seen in Figure 2, the vertical position gets the most average mass of freshwater. This was
because the vertical position could help the dew that bonded to the evaporator wall to fall more
easily. The other positions did not help the dew to drop down. This phenomenon was also found by
Ridho [7], who stated that the best position was vertical; however, the shape of the evaporator was
different though. However, the difference of the freshwater production is significant between
vertical and horizontal positions.
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Fig. 2. The experimental freshwater mass for the three evaporator positions
Figure 3 shows that the highest total heat transfer rate (Q:) occurs in vertical position variations

with the value of 127.17 J/s, while the 45° and horizontal positions result in 121.19 J/s, and 118.43
J/s respectively. This could happen because the vertical position variation had the highest mg, Maa
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and m,. Those are shown in Table 2. However, by adding error bars, the positions of the evaporator
do not affect the heat transfer rate at the confidence level of 95%.
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Fig. 3. The experimental total heat transfer rate for the three
evaporator positions

Table 2

Calculation results of the heat flow rates

Evaporator md My me Mda my Qda Q Qi Q:
position (kg)  (kg/s) (kg/s) (kg/s) (kg/s) (/s)  (/s) (/s)  (/s)
Vertical 0.641 0.00002544 0.016523 0.01653 0.0003157 62.89 2.28 6199 127.17
45° 0.574 0.00002278 0.016533 0.01622 0.0003153 63.38 2.29 55.52 121.19

Horizontal 0.527 0.00002091 0.016553 0.01624 0.0003136 65.09 2.34 50.99 118.43

4. Conclusions

The experimental investigation was conducted to know the effect of coil evaporator positions on
freshwater production and the heat transfer rate. Based on the experimental data and analysis, the
following conclusions can be drawn: (i) The vertical coil evaporator position results in the highest
freshwater production and heat transfer rate, (ii) The maximum freshwater mass obtained is 0.641
kg, corresponding to the maximum total heat transfer rate of 127.17 W, (iii) To attain the high
freshwater production, the vertical evaporator position is the most recommended. Based on the
error bars with a confidence level of 95%, the effect of coil evaporator positions on heat transfer rate
is not significant.
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