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Enhancing seawater desalination performance using a vortex generator in a modified window air
conditioner

The growing demand for air conditioning systems has driven research into alternative applications, such
as seawater desalination. This study evaluates the performance of a modified window air conditioner
(WAC) integrated with a vortex generator for desalination. Experiments were conducted using R410A
refrigerant under four conditions: closed container (CC), without vortex (WV), connected vortex (CV), and
separated vortex (SV). Seawater was heated via the condenser to 55-60°C, controlled by a thermostat,
and data was collected every five minutes over eight hours. The thermodynamic properties of R410A
were analyzed using Refprop software to determine refrigeration effect (RE), compression work (CW),
and coefficient of performance (COP). Results indicate that the SV configuration achieved the highest
evaporation rate (5.01 kg) but led to a lower COP (3.91) due to increased condenser temperature and
compressor workload. Conversely, CC yielded the highest COP (5.08) by stabilizing the evaporator air
temperature and reducing compressor effort. These findings suggest that vortex generators enhance
evaporation rates but reduce system efficiency. Further research is needed to optimize vortex
generator configurations to improve desalination efficiency while minimizing COP reduction.

Window air conditioner, Vortex generator, Desalination, Refprop, COP
en
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Performance evaluation of a modified window air
conditioner for seawater desalination

Abstract

The increasing use of air conditioning systems in everyday life has
encouraged the development of alternative applications of these
devices, one of which is seawater desalination. This study aims to
evaluate the performande. of a modified window air conditioner
(WAC) as a desalination device against seawater evaporation.
Experiments were conducted using a WAC with R410A refrigerant
modified with closed container (CC), without vortex (WV),
connected vortex (CV), and separate vortex (SV) variables.
Seawater was heated with a condenser until it reached a temperature
of 55-60°C controlled by a thermostat. Data were collected every 5
minutes for eight hours of testing. The system performance was
analysed using Refprop version 10.0.0.9b to calculade{ the
thermodynamic properties of R410A, specifically enthalpy, which
was then used to determine the refrigeration effect (RE),
compression work (CW), and coefficient of performance (COP).
The results showed that the use of vortex increased the evaporation
rate, with SV showing the best evaporation due to the use of a
greater number of vortex. The increase in evaporation resulted in a
decrease in COP|, which was due to an increase in condenser
temperature requiring greater compression work. CC produces the
highest refrigeration effect and reduces compression work,
resulting in an optimal COP because it prevents evaporation in the
condenser from affecting the temperature of the air entering the
evaporator. The highest COP occurs in a closed container and the
lowest in a separate vortex.

Keywords
Window air conditioner, R410A, Desalination, Refprop, COP

1 Introduction

Along with the improvement of the quality of life and the need
for comfort, the use of air conditioning systems is increasing in
daily life [1],[2]. Air conditioning systems also help remove
moisture and airborne particles from the room [3]. Therefore, the
use of air conditioners is no longer just part of a lifestyle, but rather
aims to provide comfort when moving or doing activities indoors
[4]. One of the most common types is the Window Air Conditioner
(WAC), which uses a vapor compression cycle to take heat from
the air inside and expel it outside through condensation [5]. This
condensation water is usually disposed of as waste, but can be used
to make clean water under certain conditions [6]. The high demand
for clean water around the world, as well as environmental issues
such as drought and limited availability of clean water resources,
are major challenges that need to be addressed [7], [8], [9]. The use
of amodified WAC as a desalination device is an option to consider.
This modification allows the WAC to function as both an air
conditioning unit and a system to separate salt from saltwater.
Evaluating the performance of the WAC as a desalination device is
essential to ensure the effectiveness of this system in removing salt
from seawater.

Currently available desalination systems, such as Reverse Osmosis
(RO) [10]. However, such technologies consume a lot of energy [11],
especially on a large scale, making it inefficient for households or places
with limited energy resources. On the other hand, WAC is a device that is
widely used in many homes [12] and operates according to the principles
thatallow it to be used in desalination processes. The main problem is how
to modify the WAC without compromising its cooling efficiency and
ensuring optimal system performance during its switch to desalination
function.

Research on the use of air conditioning for desalination processes is
still in its infancy. Some of the research that has been conducted includes
the integration of a split air conditioning system with a humidification-
dehumidification (HDH) desalination unit utilizing solar energy, the

utilization of solar heating to improve the performance of a hybrid
desiccant air conditioning system coupled with an HDH desalination unit,
and numerical analysis of a solar energy-assisted hybrid air conditioning
system integrated with an HDH desalination system [13], [14], [15].
However, no previous research has explored the performance of a
modified WAC as a desalination device against seawater evaporation. AC
performance can be determined by assessing the Refrigeration Effect
(RE), Compression Work (CW), and Coefficient of Performance (COP)
[16].

Therefore, this study aims to determine the performance of the
modified WAC as a desalination device against seawater evaporation.
This study has analyzed the impact of various tested variables on seawater
evaporation at a set temperature. This research focuses on measuring the
Refrigeration Effect (RE), Compression Work (CW), and Coefficient of
Performance (COP), which are the main indicators in assessing the
device's ability as a desalination system. It is hoped that this research can
provide in-depth -insight into the potential of WAC modification to
produce a more effective and efficient desalination system.

2 Method

This study used a Window Air Conditioner (WAC) to
compare its performance as a desalination device. The experimental
setup used in this study is presented in Fig. 1. The working fluid of
the air conditioning system is R410A refrigerant [17] with the
specifications shown in Table 1. This research was conducted at the
Mechanical Engineering Laboratory, Faculty of Industrial
Technology and Informatics, Universitas Muhammadiyah Prof. Dr.
Hamka. In addition, the measurement tools used are listed in Table
2. Tests on the utilization of WAC as a desalination tool were
carried out with variables of closed container (CC), without vortex
(WV), connected vortex (CV), and separate vortex (SV).

AC Window Steam Funnel

PLTI Variable Location
P212 /' Main Container

Control Container

B

Y Evaporation
Container
e

Condensation
Container

L) e
Digital = Digital
Scale _Scale.

Fig. 1. Experimental Setup

Water Pump

Table 1. Refrigeration unit specifications

Item Specification
Model WAC Uchida MP — W9M
Voltage 1 Fase 220V — 50 Hz
PK Power 1PK
Cooling Capacity 8600 BTU/h
Electrical power 840 W
Current 40A

EER 10.01 BTU/h.W
Refrigerant R410A 360 g

Size 500x345%465 mm

Table 2. Measurement tools
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Tools Function Spesification
Thermostat XH-W3001 Water -50°C -110°C,
Digital thermometer Temperature -50°C -110°C,
Manifold Gauge Pressure 0 - 500 psia, 5
Digital scale 30 kg Water Mass 0-30kg,
Digital scale 20 kg Condensed 0-20kg,1gr

In this experiment, the seawater in the evaporation container is
transferred to the control container via a pump. This step aims to
deliver the water to the main container, where it will be heated using
a condenser until the temperature reaches about 55-60°C, which is
regulated by a thermostat. As the water evaporates, the resulting
vapor is directed upwards through the steam funnel before finally
entering into the evaporator.

The main container has an overflow mechanism that delivers
water to the evaporation container to maintain the temperature in
the range of 55-60°C. In addition, the control container is also
equipped with an overflow system to the evaporation container to
ensure the water level remains stable. With this mechanism, the
water level in the control container can be maintained, while the
water level in the evaporation container decreases as the
evaporation process occurs [18]. The evaporation rate was
measured by the masH of water in the evaporation container, which
was assessed using a digital balance to confirm the mass of water
reduceld due to evaporation. In Fig. 1. data was collected at P1, T1,
P2, T2,P3, T3, P4, T4, T5, T6, T7. Where P1,T1 is the compressor
inlet pressure, temperature, P2,T2 is the compressor outlet pressure,
temperature, P3,T3 is the expansion inlet pressure, temperature,
P4,T4 is the expansion outlet pressure, temperature, T5 is the
condenser temperature, T6 is the evaporator temperature, T7 is the
evaporator outlet air temperature, and the variable location is used
for a closed container by placing a plate on top of the container, a
container without vortex, vortex connected, and vortex separated.
Fig. 2-3 shows the vortex used in this study.

Fig. 3. Separated vortex (SV)

Refprop software version 10.0.0.9b is used to determine the
properties of the refrigerant at enthalpy each point based on the
cooling system performance data, by analyzing the saturation
pressure, temperature, enthalpy, entropy, and density of the
refrigerant [19], [20]. System performance is analyzed using
pressure and temperature obtained through calculations on R410A
refrigerant using Refprop software [21]. The effectiveness of an air
conditioner is evaluated by determining the refrigeration effect,
which is the difference in refrigerant enthalpy at the inlet and outlet
of the evaporator, and the compression work, which is the
difference in refrigerant enthalpy at the outlet and inlet of the
compressor. Refrigeration Effect (RE), Compression Work (CW),
and Coefficient of Performance (COP) are calculated by using the
enthalpy results obtained [22].

The Refrigeration Effect (RE), Compression Work (CW), and
Coefficient of Performance (COP) are determined using Eq. 1 - Eq.
3[23].

RE=h;—h4 (l)

CW=hz—hy @

cop =22 ®)
CW  h2-h1

Where: hl is enthalpy at compressor inlet, h2 is Enthalpy at
compressor outlet, and h4 is enthalpy at the Evaporator inlet

3 Results and Discussion
This study examines the performance of WAC for utilization
as a desalination tool with four variables: CC, WV, CV, and SV.

K N \ T
Figure 4. Window Air Conditioner (WAC) as a desalination device

Fig. 4 shows the data collection process. At points 1 to 4, data
of P1, T1, P2, T2, P3, T3, P4, and T4 are collected sequentially. The
digital scaIH at point 5 monitors the evaporation rate and provides
accurate data. The seawater in the main container was heated by a
condenser controlled by a thermostat to maintain a temperature
between 55-60°C. Data was collected every 5 minutes for eight
hours.

R410A

Closed Container  ==—Without Vortex  ==C¢

| Vortex  ===Separated Vortex

5000

N

50.0
1000 2000 3000 4000 500.0
Enthalpy (k1)

Fig. 5. P-h diagram for R410A with closed container, without
vortex, connected vortex and separated vortex
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Fig. 5 shows the pressure-enthalpy (P-h) diagram for R410A
refrigerant at various variables, namely CC, WV, CV, and SV. The
enthalpy values are obtained from the calculation results using
Refprop software, with input data in the form of pressure and
temperature at each point: P1, T1, P2, T2, P3, T3, P4, and T4. The
average evaporator exit air temperature for each variable is 17.8°C,
18.6°C, 18.7°C, and 18.9°C, respectively. Meanwhile, the
condenser exit air temperatures were 55.7°C, 56.3°C, 56.9°C, and
57.1°C, respectively. Based on the enthalpy values obtained, the
performance of the WAC system can be calculated, including the
RE, CW, and COP values.

W Refrigeration Effect W Comprassion Works

180,00
160.00

140,00
12000
100,00
80.00
60.00
2000
2000 . . l l
0.00

Clozed Cortainer  Without Vortex Connected Vortex  Separated Vortex

K/kg)

Enthalpy

Fig. 6. Refrigeration effect and compression work with closed
container, without vortex, connected vortex, and separated vortex.

In a refrigeration system, efficiency is very important to
consider. One concept that plays a role in measuring the efficiency
of a refrigeration system is the refrigeration effect (RE), which is
the amount of heat absorbed by the refrigerant in the evaporator for
each unit mass of cooling, which occurs in the process from 4 to 1
[24], [25]. By calculating using Eq. 1, the Refrigration Effect (RE)
of R410A for various CC, WV, CV, and SV variables in the
desalination process is shown in Fig. 6. The results show a decrease
in RE; a lower refrigeration effect can lower COP [26]. Latent heat
of vaporization in the air conditioning system (AC) comes from the
evaporation of refrigerant refrigerants [27]. The closed container of
R410A has the highest RE value. The high RE value is due to the
latent heat of vaporization [28] and high enthalpy compared to the
other variable R410A. As a result, the desalination process using
closed-container R410A yields better cooling capacity than the
other variable R410A.

Meanwhile, the Compression Work (CW) of R410A for various
variables, the CW value in the figure is calculated using Eq.2.
Unlike RE, CW has a constant increase. This is due to the increase
in compressor pressure, refrigerant temperature [29], and enthalpy.
Peningkatan tekanan refrigeran dapat meningkatkan kerja
kompresor, sehingga menurunkan nilai |COP\ [30]. CW of the
closed container R410A is lower than that of the other variable
R410A. This indicates that the R410A refrigerant in the sealed
container has a lower temperature, so the compressor workload is
lighter [31].

The COP is calculated using Eq. 3, and Fig. 7 shows that the
COP value decreases as the evaporation increases. The use of a
vortex increases the evaporation rate and efficiency in the
desalination unit, resulting in faster evaporation [32]. SV showed
better vaporization due to the use of a larger number of vorteM,
resulting in an increase in effectiveness [33]. On the other hand, an
increase in refrigerant in the refrigeration machine can lead to an
increase in temperature in the condenser, which requires greater
compression effort [34]. The condenser located inside the main
container helps to heat the water and increase evaporation as the
temperature rises. The increased evaporation temperature from the
condenser is then transferred to the evaporator through a vapor
funnel designed to direct the incoming air to the evaporator.

mEvaparation W WCOP

6.00 6.00

500 5.00

4.00

A 3.00
2.00

L 1.00
0.00 0.00

Closed Container  Without Vortex  Connected Vortex  Separated Vortex

Evaporation (kg)
1 w =
g g g
Coeffisian of Performance (COP)

B

Fig. 7. Evaporation and COP with closed container, without vortex,
connected vortex, and separated vortex.

The CC is secured with plates to prevent evaporation in the
condenser from affecting the temperature of the air entering the
evaporator. This causes a high refrigeration effect and reduces
compression work, resulting in an optimal coefficient of
performance (COP).

4 Conclusioh|

Based on the research that has been done, it can be concluded
that the use of vortex can affect the evaporation of seawater during
desalination. Separate vortex produces the highest evaporation
compared to other variables, namely closed container, without
vortex, and connected vortex. This shows the effect of vortex
geometry on evaporation performance. Over eight hours, the
highest coefficient of performance (COP) value (5.08) with the
closed container; the lowest COP amount (3.91) with the separated
vortex was due to the increase in condenser temperature. This
temperature increase, when combined with the vortex at the
evaporator inlet, results in increased airflow in the evaporation
process. Based on the results, the modified WAC can serve as a
small-scale desalination device. This is expected to improve the
efficiency of cooling resource utilization for clean water
production. Therefore, future research should optimize the vortex
geometry and conduct large-scale testing to evaluate the system
performance for more efficient desalination.
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Abstract

The growing demand for air conditioning systems has driven
research into alternative applications, such as seawater
desalination. This study evaluates the performance of a modified
Window Air Conditioner (WAC) integrated with a vortex
generator for desalination. Experiments were conducted using
R410A refrigerant under four conditions: Closed Container (CC),
Without Vortex (WV), Connected Vortex (CV), and Separated
Vortex (SV). Seawater was heated via the condenser to 55-60°C,
controlled by a thermostat, and data was collected every five
minutes over eight hours. The thermodynamic properties of
R410A were analysed using Refprop™ software to determine the
Refrigeration Effect (RE), Compression Work (CW), and
Coefficient of Performance (COP). Results indicate that the SV
configuration achieved the highest evaporation rate (5.01 kg) but
led to a lower COP (3.91) due to increased condenser temperature
and compressor workload. Conversely, CC yielded the highest
COP (5.08) by stabilizing the evaporator air temperature and
reducing compressor effort. These findings suggest that vortex
generators enhance evaporation rates but reduce system
efficiency. Further research is needed to optimize vortex generator
configurations to improve desalination efficiency while
minimizing COP reduction.

Keywords:
Window  air
Refprop™, COP

conditioner, vortex generator, desalination,

1 Introduction

Along with the improvement of the quality of life and the need
for comfort, the use of air conditioning systems is increasing in
daily life [1], [2]. Air conditioning systems also help remove
moisture and airborne particles from the room [3]. Therefore, the
use of air conditioners is no longer just part of a lifestyle but rather
aims to provide comfort when moving or doing activities indoors
[4]. One of the most common types is the Window Air Conditioner
(WAC), which uses a vapor compression cycle to take heat from
the air inside and expel it outside through condensation [5]. This
condensation water is usually disposed of as waste but can be used
to make clean water under certain conditions [6]. The high demand
for clean water around the world, as well as environmental issues
such as drought and limited availability of clean water resources,
are major challenges that need to be addressed [7], [8], [9]. The use
of amodified WAC as a desalination device is an option to consider.
This modification allows the WAC to function as both an air
conditioning unit and a system to separate salt from saltwater.

Evaluating the performance of the WAC as a desalination device is
essential to ensure the effectiveness of this system in removing salt
from seawater.

Desalination systems, such as reverse osmosis (RO), are
currently available [10]. However, such technologies consume
much energy [11], especially on a large scale, making it inefficient
for households or places with limited energy resources. On the other
hand, WAC is a device that is widely used in many homes [12] and
operates according to the principles that allow it to be used in
desalination processes. The main problem is how to modify the
WAC without compromising its cooling efficiency and ensuring
optimal system performance during its switch to desalination
function.

Research on the use of air conditioning for desalination
processes is still in its infancy. Some of the research that has been
conducted includes the integration of a split air conditioning system
with a Humidification-Dehumidification (HDH) desalination unit
utilizing solar energy, the utilization of solar heating to improve the
performance of a hybrid desiccant air conditioning system coupled
with an HDH desalination unit, numerical analysis of a hybrid air
conditioning system supported by solar energy and integrated with
an HDH desalination system, and modified window air conditioner
to produce potable water through humidification-dehumidification
desalination process [13], [14], [15], [16]. These experiments show
that combining an air conditioning system with a desalination unit
can produce clean water. Nevertheless, these studies have not
investigated the impact of vortex generators on desalination
effectiveness, particularly in enhancing the evaporation rate.
Multiple studies have investigated the application of vortex
generators in desalination to enhance the evaporation rate [17],
[18], given that vortex generators influence the convection heat
transfer coefficient [19]. Previous research has not examined the
performance of WAC modified with a vortex generator as a
desalination tool against seawater evaporation. Desalination itself
is the process of separating salt and minerals from seawater to
produce freshwater [20]. Cooling system performance can be
determined by assessing the Refrigeration Effect (RE),
Compression Work (CW), and Coefficient of Performance (COP)
[21].

Therefore, this study aims to determine the performance of the
modified WAC as a desalination device against seawater
evaporation. This research has analysed the impact of various tested
variables on the evaporation of seawater at a given temperature. The
desalination mechanism focuses on the evaporation process, where
seawater is evaporated using the modified WAC. The performance
assessment of this system uses the parameters RE, CW, and COP,
which are the main indicators in assessing the ability of the device
as a desalination system. It is hoped that this research can provide a
deep insight into the potential of WAC modification to produce a
more effective and efficient desalination system.

2 Method

This study used a WAC to compare its performance as a
desalination device. The experimental setup used in this study is
presented in Fig. 1. The working fluid of the air conditioning system
is R410A refrigerant [22] with the specifications shown in Table 1.
This research was conducted at the Mechanical Engineering
Laboratory, Faculty of Industrial Technology and Informatics,
Universitas Muhammadiyah Prof. Dr. Hamka. In addition, the
measurement tools used are listed in Table 2. Tests on the utilization
of WAC as a desalination tool were carried out with variables of
Closed Container (CC), Without Vortex (WV), Connected Vortex
(CV), and Separate Vortex (SV) (Fig. 2).

Refprop™ software version 10.0.0.9b is used to determine the
properties of the refrigerant at enthalpy at each point based on the
cooling system performance data by analyzing the saturation
pressure, temperature, enthalpy, entropy, and density of the
refrigerant [24], [25]. System performance is analyzed using
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pressure and temperature obtained through calculations on R410A
refrigerant using Refprop™ software [26]. The effectiveness of an
air conditioner is evaluated by determining the refrigeration effect,
which is the difference in refrigerant enthalpy between the
evaporator's inlet and outlet, and the compression work, which is
the enthalpy difference between the compressor's outlet and inlet.
The values of RE, CW, and Coefficient of COP are determined
based on the obtained enthalpy results [27].

Main Container  Control Container

|

Condensation
Container

Cn/ntainer
[}

igital
Scale

Fig. 1. Experimental setup
Table 1. Refrigeration unit specifications

Dimension Specification
Model WAC Uchida MP — W9M
Voltage 1 Fase 220V — 50 Hz
PK Power 1PK

Cooling Capacity 8600 BTU/h
Electrical power 840 W

Current 40A

EER 10.01 BTU/hW
Refrigerant R410A 360 g

Size 500%345x465 mm

Table 2. Measurement tools
Tools Function
Thermostat XH-W3001 Water temperature

Specification
-50°C -110°C, £0.1°C.

Digital thermometer Temperature -50°C -110°C, +0.1°C.
Manifold Gauge Pressure 0 —500 psi, 5 psi
Digital scale 30 kg Water Mass 0 — 30 kg, 0.005 kg

In this experiment, the seawater in the evaporation container is
transferred to the control container via a pump. This step aims to
deliver the water to the main container, where it will be heated using
a condenser until the temperature reaches about 55-60°C, which is
regulated by a thermostat. As the water evaporates, the resulting
vapor is directed upwards through the steam funnel before finally
entering the evaporator.

The main container has an overflow mechanism that delivers water
to the evaporation container to maintain the temperature in the
range of 55-60°C. In addition, the control container is also equipped
with an overflow system for the evaporation container to ensure the
water level remains Stable. This system allows the control container's
water level to remain constant while the evaporation container's
water level drops due to the evaporation process [23]. The
evaporation rate was determined by the mass of water in the
evaporation container, which was measured with a digital scale to
confirm the amount of water lost owing to evaporation. In Fig. 1
data was collected at Py, Ty, Py, To, Ps, T3, Pa, Ta, Ts, Te, T7. Where
P1, Ty is the compressor inlet pressure, temperature, Py, T is the
compressor outlet pressure, temperature, Ps, Ts is the expansion
inlet pressure, temperature, P4, T4 is the expansion outlet pressure,
temperature, Ts is the condenser temperature, T6 is the evaporator
temperature, T is the evaporator outlet air temperature, and the

l Evaporation

variable location is used for a closed container by placing a plate on
top of the container, a container without vortex, vortex connected,
and vortex separated. Figs 3-4 shows the vortex used in this study.

(c) Connected vortex (CV) location

(d) Separated vortex (SV) location
Fig. 2. Variable location
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Fig. 4. Separated vortex (SV)

Refprop™ software version 10.0.0.9b is used to determine the
properties of the refrigerant at enthalpy at each point based on the
cooling system performance data by analyzing the saturation
pressure, temperature, enthalpy, entropy, and density of the
refrigerant [24], [25]. System performance is analysed using
pressure and temperature obtained through calculations on R410A
refrigerant using Refprop™ software [26]. The effectiveness of an
air conditioner is evaluated by determining the refrigeration effect,
which is the difference in refrigerant enthalpy between the
evaporator's inlet and outlet, and the compression work, which is
the enthalpy difference between the compressor's outlet and inlet.
The values of RE, CW, and COP are determined based on the
obtained enthalpy results [27]. The RE, CW, COP are determined
using Eqs(1-3) [28].Where: h; is enthalpy at the compressor inlet,
h, is Enthalpy at the compressor outlet, and h4 is enthalpy at the
Evaporator inlet.

RE = h1 — h4 (1)

CWwW = hz - h1 (2)
_ RE _hl-h4

COP = o “mamt @)

3 Results and Discussion

This study examines the performance of WAC for utilization as
a desalination tool with four variables: CC, WV, CV, and SV. Fig.
5 shows the data collection process. At points 1 to 4, data of Py, Ty,
P2, T, P3, T3, P4, and T are collected sequentially. The digital scale
at point 5 is used to measure the mass of water in the evaporation
container to determine the decrease in mass due to evaporation. The
seawater in the main container was heated by a condenser
controlled by a thermostat to maintain a temperature between 55-
60°C. Data was collected every 5 minutes for 8 hours. The system
performance is greatly affected by the evaporation rate, which
impacts the COP value of the WAC. In addition, this process
demonstrates how the integration of vortex generators can improve
desalination efficiency.

"

Digital Scale

Fig. 5. WAC as a desalination devices

Fig. 6 shows the pressure-enthalpy (P-h) diagram for R410A
refrigerant at various variables, namely CC, WV, CV, and SV. The
enthalpy values are obtained from the calculation results using
Refprop™ software, with input data in the form of pressure and
temperature at each point: Py, Tq, P2, To, P, T3, P4, and Ta. The
average evaporator exit air temperature for each variable is 17.8°C,
18.6°C, 18.7°C, and 18.9°C, respectively. Meanwhile, the
condenser exit air temperatures were 55.7°C, 56.3°C, 56.9°C, and
57.1°C, respectively. Based on the enthalpy values obtained, the
performance of the WAC system can be calculated, including the
RE, CW, and COP values.

R410A

Closed Container — Without Vortex — Connected Vortex — Separated Vortex

500.0 B v,

Pressure (Psia)
. w
I}

100.0 200.0 300.0 400.0 500.0

Enthalpy (kJ/kg)

Fig. 6. P-h diagram for R410A with a closed container, without
vortex, connected vortex, and separated vortex

In a refrigeration system, efficiency is crucial to consider. One
concept that plays a role in measuring the efficiency of a
refrigeration system is the RE, which is the amount of heat absorbed
by the refrigerant in the evaporator for each unit mass of cooling,
which occurs in the process from 4 to 1 [29], [30]. By calculating
using Eqg. 1, the RE of R410A for various CC, WV, CV, and SV
variables in the desalination process is shown in Fig. 7. The results
show a decrease in RE; a lower refrigeration effect can lower COP
[31]. The latent heat of vaporization in the Air Conditioning (AC)
system comes from the evaporation of refrigerant [32]. The closed
container of R410A has the highest RE value. The high RE value is
due to the latent heat of vaporization [33] and high enthalpy
compared to the other variable, R410A. As a result, the desalination
process using closed-container R410A yields better cooling
capacity than the other variable, R410A.
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Fig. 7. Refrigeration effect and compression work with closed
container, without vortex, connected vortex, and separated vortex.

Meanwhile, the CW of R410A for various variables, the CW
value in the figure is calculated using Eq.2. Unlike RE, CW has a
constant increase. This is due to the increase in compressor
pressure, the refrigerant temperature [34], and enthalpy. An
increase in refrigerant pressure can increase compressor work, thus
decreasing the COP value [35]. CW of the closed container R410A
is lower than that of the other variable R410A. This indicates that
the R410A refrigerant in the sealed container has a lower
temperature, so the compressor workload is lighter [36].

The COP is calculated using Eqg. 3, and Fig. 8 shows that the
COP value decreases as the evaporation increases. The use of a
vortex increases the evaporation rate and efficiency in the
desalination unit, resulting in faster evaporation [37], [38]. CV and
SV have different geometry so it can affect the characteristics of
airflow. CV has fewer and connected, while SV with more
separated numbers produces better evaporation and increased
effectiveness [39].
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Fig. 8. Evaporation and COP with closed container, without vortex,
connected vortex, and separated vortex.
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Coeffisien of Performance (COP)

On the other hand, an increase in refrigerant in the refrigeration
machine can lead to an increase in temperature in the condenser,
which requires greater compression effort [40]. The condenser
located inside the main container helps to heat the water and
increase evaporation as the temperature rises. The increased
evaporation temperature from the condenser is then transferred to
the evaporator through a steam funnel designed to direct the
incoming air to the evaporator. The CC is secured with plates to
prevent evaporation in the condenser from affecting the temperature
of the air entering the evaporator. This causes a high refrigeration
effect and reduces compression work, resulting in an optimal COP.

4 Conclusion
This study demonstrates that incorporating a vortex generator
into a modified WAC significantly impacts seawater evaporation

rates in desalination. The SV configuration produced the highest
evaporation rate (5.01 kg) but reduced system efficiency by
increasing compressor workload, leading to a lower COP (3.91).
Conversely, the CC condition achieved the highest COP (5.08) by
minimizing heat loss and stabilizing air temperature entering the
evaporator. These findings highlight the trade-off between
evaporation enhancement and system efficiency.

Future research should explore alternative  vortex
configurations, large scale testing, and environmental variations to
optimize WAC-based desalination systems.

Acknowledgment

The author would like to express sincere gratitude for the in-
kind support provided by the Renewable Energy Research Group at
FTII UHAMKA.

References

[1] P. Martinez, J. Ruiz, C. G. Cutillas, P. J. Martinez, A. S.
Kaiser, and M. Lucas, “Experimental study on energy
performance of a split air-conditioner by using variable
thickness evaporative cooling pads coupled to the condenser,”
Appl. Therm. Eng., vol. 105, pp. 1041-1050, 2016, doi:
10.1016/j.applthermaleng.2016.01.067.

[2] M. H. Alhamdo, M. A. Theeb, and J. J. Abdulhameed, “Using
evaporative cooling methods for improving performance of an
Air-cooled Condenser,” Univers. J. Mech. Eng., vol. 3, no. 3,
pp. 94-106, 2015, doi: 10.13189/ujme.2015.030304.

[3] K. Harby, D. R. Gebaly, N. S. Koura, and M. S. Hassan,
“Performance improvement of vapor compression cooling
systems using evaporative condenser: An overview,” Renew.
Sustain. Energy Rev., vol. 58, pp. 347-360, 2016, doi:
10.1016/j.rser.2015.12.313.

[4] N.D. Purnama, T. P. Pramudantoro, and A. Badarufin, “Kaji
eksperimental perbandingan performansi ac split sebelum dan
sesudah pemanfaatan panas buang kondenser untuk alat
penetas telur,” Pros. Ind. Res. Work. Natl. Semin., vol. 15, no.
1, pp. 64-70, 2024, doi: 10.35313/irwns.v15i1.6242.

[5] N. L lbrahim, A. A. Al-Farayedhi, and P. Gandhidasan,
“Experimental investigation of a vapor compression system
with condenser air pre-cooling by condensate,” Appl. Therm.
Eng., vol. 110, pp. 1255-1263, 2017, doi:
10.1016/j.applthermaleng.2016.09.042.

[6] M. W. Akram, R. Mursalin, M. M. Hassan, M. R. Islam, and
S. K. Choudhury, “recycling of condensed water from an air
conditioning unit,” in International Conference on Computer,
Communication, Chemical, Material and Electronic
Engineering, IC4ME2, IEEE, 2018, pp. 1-5. doi:
10.1109/ICAME2.2018.8465612.

[71 A. Gross and E. Park, “Water and wastewater treatment
worldwide: The industry and the market for equipment and
chemicals,” Bus. Econ., vol. 53, no. 2, pp. 3747, 2018, doi:
10.1057/s11369-018-0069-1.

[8] D.Mugisidi, A. Fajar, and H. Oktarina, “Peningkatan efisiensi
dan efektivitas kondensor pada solar still,” J. Teknosains, vol.
12, no. 1, pp. 19-31, 2022.

[9] J.J. Messakh, A. Sabar, I. K. Hadihardaja, and A. A. Chalik,
“A study on fulfillment of drinking water need of people in
semi-arid areas in Indonesia,” J. Mns. dan Lingkung., vol. 22,
no. 3, pp. 271-280, 2015.

[10] A. A. Ragetisvara and H. S. Titah, “Studi kemampuan
desalinasi air laut menggunakan sistem sea water reverse
osmosis (swro) pada kapal pesiar,” J. Tek. ITS, vol. 10, no. 2,
pp. 68-75, 2021, doi: 10.12962/j23373539.v10i2.63933.

[11] L. A. Yoshi and I. N. Widiasa, “Prosiding seminar nasional
teknik kimia ‘kejuangan’ sistem desalinasi membran reverse
osmosis (RO) untuk penyediaan air bersih,” in Prosiding
Seminar Nasional Teknik Kimia “Kejuangan,” 2016, pp. 1-7.

Disseminating Information on the Research of Mechanical Engineering - Jurnal Polimesin Volume 23, No. 1, February 2025 41



[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

B. Shen and B. Fricke, “Development of high efficiency
window air conditioner using propane under limited charge,”
Appl. Therm. Eng., vol. 166, p. 114662, 2020, doi:
10.1016/j.applthermaleng.2019.114662.

A. E. Kabeel, M. Abdelgaied, and Z. M. Omara,
“Experimentally evaluation of split air conditioner integrated
with humidification-dehumidification desalination unit for
better thermal comfort, produce freshwater, and energy
saving,” J. Therm. Anal. Calorim., vol. 147, no. 6, pp. 4197-
4207, 2022, doi: 10.1007/s10973-021-10810-6.

M. Abdelgaied, A. E. Kabeel, and Y. Zakaria, “Performance
improvement of desiccant air conditioner coupled with
humidification-dehumidification desalination unit using solar
reheating of regeneration air,” Energy Convers. Manag., vol.
198, p. 111808, 2019, doi: 10.1016/j.enconman.2019.111808.
A. E. Kabeel, M. Abdelgaied, and Y. Zakaria, “Performance
evaluation of a solar energy assisted hybrid desiccant air
conditioner integrated with HDH desalination system,”
Energy Convers. Manag., vol. 150, pp. 382-391, 2017, doi:
10.1016/j.enconman.2017.08.032.

P. Dalai, P. Nanda, C. Mund, D. Mishra, and A. Gupta, “An
experimental study on water harvesting from a modified
window air-conditioner,” Energy Procedia, vol. 109, pp. 253—
260, 2017, doi: 10.1016/j.egypro.2017.03.058.

D. Mugisidi and O. Heriyani, “Improving the performance of
a forced-flow desalination unit using a vortex generator,” CFD
Lett. , wvol. 16, no. 10, pp. 81-93, 2024, doi:
10.37934/cfdl.16.10.8193.

A. N. Shmroukh, A. A. Serageldin, A. Abdal-hay, A. Elreedy,
and A. Radwan, “Application of new series connection
scheme of vortex tubes in seawater desalination unit using
new vortex generators,” SN Appl. Sci., vol. 3, pp. 1-13, 2021,
doi: 10.1007/s42452-021-04205-3.

O. Heriyani, M. Djaeni, Syaiful, and A. K. Putri, “Perforated
concave rectangular winglet pair vortex generators enhance
the heat transfer of air flowing through heated tubes inside a
channel,” Results Eng., vol. 16, pp. 1-15, 2022, doi:
10.1016/j.rineng.2022.100705.

J. Williams, “Desalination in the 21st Century: A Critical
Review of Trends and Debates,” Water Altern., vol. 15, no. 2,
pp. 193-217, 2022.

Widodo, F. Rachmanu, and A. 1. Tauvana, “analysis of
savings on electricity consumption in room air conditioning
by using r1270 (propylene) refrigerant instead of R32 capacity
of 13,000 Btuh,” J. Phys. Conf. Ser., vol. 1477, no. 5, pp. 1-
6, 2020, doi: 10.1088/1742-6596/1477/5/052035.

I. G. A. Negara et al., “Real-time thermodynamic monitoring
of splitinverter ACs: a microcontroller-driven investigation of
performance,” J. Polimesin, vol. 22, no. 2, pp. 199-205, 2024.
R. Wirangga, D. Mugisidi, A. T. Sayuti, and O. Heriyani, “The
impact of wind speed on the rate of water evaporation in a
desalination chamber,” J. Adv. Res. Fluid Mech. Therm. Sci.,
vol. 106, no. 1, pp. 39-50, 2023, doi:
10.37934/arfmts.106.1.3950.

E. W. Lemmon, I. H. Bell, M. L. Huber, and M. O. McL.inden,
“NIST Standard reference database 23: reference fluid
thermodynamic and transport properties-REFPROP, version
10.0, National Institute of Standards and Technology.”

M. L. Huber, E. W. Lemmon, I. H. Bell, and M. O. McLinden,
“The NIST REFPROP database for highly accurate properties
of industrially important fluids,” Ind. Eng. Chem. Res., vol.
61, no. 42, pp. 15449-15472, 2022, doi:
10.1021/acs.iecr.2c01427.

Widodo, B. Fajar, T. Suryo, and Winoto, “Simulation of
mixing synthetic with hydrocarbons refrigerant to reduce the
value of global warming potential with refprop software,” J.
Phys. Conf. Ser., vol. 1764, no. 1, pp. 1-6, 2021, doi:
10.1088/1742-6596/1764/1/012158.

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

(38]

[39]

[40]

M. E. Pyjianto and A. Nugroho, “Performance air conditioner
on retrofitted refrigerant hydrocarbon,” J. Polimesin, vol. 22,
no. 1, pp. 15-18, 2024, doi: 10.1063/1.5049962.

K. Sumeru, M. Arman, I. Wellid, L. M. Simbolon, A.
Setyawan, and M. F. bin Sukri, “Investigation of automotive
air conditioning using eco-friendly R600a as an alternative
refrigerant to R134a,” J. Polimesin, vol. 22, no. 1, pp. 35-39,
2024, doi: 10.30811/jpl.v22i1.4463.

R. K. Sahu, Vinay, and A. Das, “Refrigerating effect produced
by engine exhaust heat,” Adv. Fluid Therm. Eng., pp. 489—
498, 2019, doi: 10.1007/978-981-13-6416-7_45.

I. N. Ardita and I. P. S. Negara, “Pengaruh heat recovery pada
sistem refrigerasi pengkondisian udara terhadap performansi
sistem,” J. Log., vol. 16, no. 3, pp. 199-203, 2016.

W. Widodo, B. F. T. Kiono, S. H. Winoto, and M. S. K. T. S.
Utomo, “A simulation of R32 refrigerant mixing with R1270
to reduce GWP R410A on wall mounted air conditioning,”
I0OP Publ., vol. 1098, no. 6, pp. 1-7, 2021, doi: 10.1088/1757-
899x/1098/6/062111.

G. Fekadu and S. Subudhi, “Renewable energy for liquid
desiccants air conditioning system: A review,” Renew.
Sustain. Energy Rev., vol. 93, pp. 364-379, 2018, doi:
10.1016/j.rser.2018.05.016.

Y. Sun, J. Wang, and Y. Hu, “Effect of refrigerant/oil
solubility on thermodynamic performance of the evaporator
working with R600a and DME,” J. Chem. Thermodyn., vol.
154, pp. 1-8, 2021, doi: 10.1016/j.jct.2020.106331.

S. M. Moosania and X. Zheng, “Performance improvement of
a high pressure ratio centrifugal compressor by integrated
cooling,” Proc. Inst. Mech. Eng. Part G J. Aerosp. Eng., vol.
230, no. 12, pp. 2233-2240, 2015, doi:
10.1177/0954410015622964.

Widodo, B. F. T. Kiono, S. H. Winoto, and T. S. Utomo,
“Performance analysis of using hydrocarbon mixed
refrigerant r32-r290 as an alternative to R410A in reducing the
GWP value of household split air conditioners,” J. Adv. Res.
Fluid Mech. Therm. Sci., vol. 107, no. 2, pp. 103-116, 2023,
doi: 10.37934/arfmts.107.2.103116.

A. Setyawan, “Enhancing air conditioner efficiency through
evaporative cooling of the compressor: field test results,” Int.
J. Heat Technol., vol. 42, no. 3, pp. 1073-1080, 2024, doi:
10.18280/ijht.420334.

O. Heriyani, M. Djaeni, and Syaiful, “Thermal-hydraulic
performance analysis by means of rectangular winglet vortex
generators in a channel: An Experimental Study,” Eur. J. Eng.
Technol. Res., vol. 6, no. 3, pp. 150-153, 2021, doi:
10.24018/ejers.2021.6.3.2424.

M. A. Saad, A. E. Tourab, M. H. Salem, and A. Ismail,
“Multifaceted analytical and computational fluid dynamics
investigations of vortex tube technology for the optimization
of seawater desalination efficiency,” Results Eng., vol. 25, pp.
1-12, 2025, doi: 10.1016/j.rineng.2025.104004.

D. Mugisidi, O. Heriyani, P. H. Gunawan, and D. Apriani,
“Performance improvement of a forced draught cooling tower
using a vortex generator,” CFD Lett., vol. 13, no. 1, pp. 45—
57, 2021, doi: 10.37934/cfdl.13.1.4557.

A. 1. Rifa’i and Novarini, “pengaruh tekanan refrigeran r-134a
terhadap nilai coefficient of performance (COP),” J. Inov.,
vol. 1, no. 1, pp. 1-5, 2018, doi: 10.37338/ji.v3i2.136.

Disseminating Information on the Research of Mechanical Engineering - Jurnal Polimesin Volume 23, No. 1, February 2025 42



Zﬂ turnitin Page 1 of 9 - Cover Page

Layanan Perpustakaan UHAMKA

Submission ID trn:oid:::1:3170265729

Dan Mugisidi - Enhancing Seawater desalination performance
using a vortex generator in a modified window air conditioner

17022025

¢iom

Document Details

Submission ID

trn:oid:::1:3170265729

Submission Date

Mar 2, 2025, 12:08 PM GMT+7

Download Date

Mar 5, 2025, 2:34 PM GMT+7

File Name

6110-19010-1-PB.pdf

File Size

584.0 KB

Z"j turnltln Page 1 of 9 - Cover Page

Fakultas Teknologi Industri dan Informatika

Universitas Muhammadiyah Prof. Dr. Hamka

5 Pages

4,258 Words

22,988 Characters

Submission ID trn:oid:::1:3170265729



Zﬂ turnitin Page 2 of 9 - Integrity Overview Submission ID trn:oid:::1:3170265729

15% Overall Similarity

The combined total of all matches, including overlapping sources, for each database.
Filtered from the Report

» Bibliography

Exclusions
» 9 Excluded Matches

Match Groups Top Sources

. 41 Not Cited or Quoted 15% 13% @ Internet sources

Matches with neither in-text citation nor quotation marks 50 R2 Publications

1) 0 Missing Quotations 0% 2% & Submitted works (Student Papers)
Matches that are still very similar to source material

0 Missing Citation 0%
Matches that have quotation marks, but no in-text citation

“

0 Cited and Quoted 0%
Matches with in-text citation present, but no quotation marks

Integrity Flags

0 Integrity Flags for Review
Our system's algorithms look deeply at a document for any inconsistencies that

No suspicious text manipulations found. would set it apart from a normal submission. If we notice something strange, we flag
it for you to review.

A Flag is not necessarily an indicator of a problem. However, we'd recommend you
focus your attention there for further review.

Z'l-.l turnitin Page 2 of 9- Integrity Overview Submission ID tr:oid::1:3170265729



zﬂ turnitin Page 3 of 9 - Integrity Overview

Match Groups

. 41 Not Cited or Quoted 15%

Matches with neither in-text citation nor quotation marks

99 0 Missing Quotations 0%

Matches that are still very similar to source material

0 Missing Citation 0%

Matches that have quotation marks, but no in-text citation

“

0 Cited and Quoted 0%

Matches with in-text citation present, but no quotation marks

Top Sources

Top Sources

13%
5%
2%

@ Internet sources
RE Publications

2 Submitted works (Student Papers)

The sources with the highest number of matches within the submission. Overlapping sources will not be displayed.

o Internet

repository.uhamka.ac.id 3%
Internet

e-jurnal.pnl.ac.id 3%
Internet

www.researchgate.net 1%
Internet

docplayer.fi <1%
o Student papers

University of Salford <1%
° Student papers

University of Witwatersrand <1%
Internet

iieta.org <1%
° Publication

Nan Wang, Dongxuan Wang, Jungang Dong, Haitao Wang, Renliang Wang, Limin ... <1%
° Publication

W Widodo, B F T Kiono, S H Winoto, M S KT S Utomo. "A simulation of R32 refriger... <1%
c Publication

Bipul Krishna Saha, Basab Chakraborty, Joydip Mondal, Apostolos Pesyridis, El Mo... <1%

z"j turnitln Page 3 of 9 - Integrity Overview

Submission ID trn:oid:::1:3170265729

Submission ID trn:oid:::1:3170265729


http://repository.uhamka.ac.id/id/eprint/33982/2/Gabungan_Mugisidi%20et%20al.%20_%20Improving%20the%20Performance%20of%20a%20Forced-flow%20Desalination%20Unit%20Using%20a%20Vortex%20Generator%20_%20CFD%20Letters_online-merged-compressed.pdf
https://e-jurnal.pnl.ac.id/polimesin/article/download/4463/3611
https://www.researchgate.net/publication/319179438_Performance_evaluation_of_a_solar_energy_assisted_hybrid_desiccant_air_conditioner_integrated_with_HDH_desalination_system
http://docplayer.fi/131168865-P8-40m-1-valtteri-raatikainen-kuivau-6-70-2-kalle-hirsivaara-veitsilkv-7-17-3-tarmo-happonen-oulpy-7-20-4-elmeri-lehmikangas-keki-7-60.html
https://iieta.org/journals/ijht/paper/10.18280/ijht.400521
https://doi.org/10.1016/j.desal.2020.114705
https://doi.org/10.1088/1757-899X/1098/6/062111
https://doi.org/10.1002/ente.202300425

zﬂ turnitin Page 4 of 9 - Integrity Overview

Publication

D.C. Gao, Y.J. Sun, Z. Ma, H. Ren. "A review on integration and design of desiccant ...

Publication

I P S Negara, I M Arsawan. "The analysis of cooling system working performance ...

Internet

etj.uotechnology.edu.iq

° Internet

www.neliti.com

o Publication

Ehab S. Ali, Ramy H. Mohammed, Ahmed Askalany. "A daily freshwater productio...

e Internet

c5785bea-f979-4bab-9955-7d36152cef71.filesusr.com

Internet

catalog.lib.kyushu-u.ac.jp

a Internet

docs.lib.purdue.edu

o Internet

ouci.dntb.gov.ua

m Internet

www.jait.us

Internet

www.mdpi.com

z"j turnltln Page 4 of 9 - Integrity Overview

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

Submission ID trn:oid:::1:3170265729

Submission ID trn:oid:::1:3170265729


https://doi.org/10.1016/j.rser.2021.110809
https://doi.org/10.1088/1742-6596/1450/1/012096
https://etj.uotechnology.edu.iq/article_172007_8bf95916299b578bfac80f69ddf0bcff.pdf
https://www.neliti.com/uk/journals/jurnal-manusia-dan-lingkungan/browse/all?page=2&per_page=100
https://doi.org/10.1016/j.jclepro.2020.124494
https://c5785bea-f979-4bab-9955-7d36152cef71.filesusr.com/ugd/614b1f_e533389faf5a45f6ac17929fb01cb588.pdf
https://catalog.lib.kyushu-u.ac.jp/opac_download_md/3053994/3053994_fulltext.pdf
https://docs.lib.purdue.edu/cgi/viewcontent.cgi?article=2900&context=open_access_dissertations
https://ouci.dntb.gov.ua/works/7qj3JnN4/
https://www.jait.us/uploadfile/2024/JAIT-V15N4-519.pdf
https://www.mdpi.com/1996-1073/16/21/7416

'uyrna! Polimesin

Department of Mechanical Engineering
State Polytechnic of Lhokseumawe
http://e-jurnal.pnl.ac.id/polimesin
e-ISSN  :2549-1999 No. 1 Month : February
p-ISSN  :1693-5462 Volume :23 Year :2025

Processing dates: received on 2024-11-23, reviewed on 2025-01-
24, accepted on 2025-02-23 and online availability on 2025-02-28

Enhancing Seawater desalination performance using a
vortex generator in a modified window air conditioner

eNurkhoIid1 Dan Mugisidi'", Widodo?, Oktarina Heriyani?,
Ibnu Sulistiono?
elDepartment of Mechanical Engineering, University of
Muhammadiyah Prof. Dr. Hamka, Jakarta 13830, Indonesia
2Department of Mechanical Engineering, Polytechnic of
Enjinering Indorama, Purwakarta 41152, Indonesia
Corresponding author: dan.mugisidi@uhamka.ac.id

Abstract
The growing demand for air conditioning systems has driven
research into alternative applications, such as seawater
edesalmatlon This study evaluates the performance of a modified
Window Air Conditioner (WAC) integrated with a vortex
generator for desalination. Experiments were conducted using
R410A refrigerant under four conditions: Closed Container (CC),
Without Vortex (WV), Connected Vortex (CV), and Separated
Vortex (SV). Seawater was heated via the condenser to 55-60°C,
controlled by a thermostat, and data was collected every five
minutes over eight hours. The thermodynamic properties of
R410A were analysed using Refprop™ software to determine the
Refrigeration Effect (RE), Compression Work (CW), and
oCoefficient of Performance (COP). Results indicate that the SV
configuration achieved the highest evaporation rate (5.01 kg) but
OIed to a lower COP (3.91) due to increased condenser temperature
and compressor workload. Conversely, CC yielded the highest
COP (5.08) by stabilizing the evaporator air temperature and
reducing compressor effort. These findings suggest that vortex
generators enhance evaporation rates but reduce system
0efficiency. Further research is needed to optimize vortex generator
configurations to improve desalination efficiency while
minimizing COP reduction.

@®Keywords:
Window air conditioner, vortex generator, desalination,
€@)Refprop™, COP

1 Introduction
Along with the improvement of the quality of life and the need
for comfort, the use of air conditioning systems is increasing in
daily life [1], [2]. Air conditioning systems also help remove
moisture and airborne particles from the room [3]. Therefore, the
se of air conditioners is no longer just part of a lifestyle but rather
aims to provide comfort when moving or doing activities indoors
0[4]. One of the most common types is the Window Air Conditioner
(WAC), which uses a vapor compression cycle to take heat from
the air inside and expel it outside through condensation [5]. This
condensation water is usually disposed of as waste but can be used
to make clean water under certain conditions [6]. The high demand
for clean water around the world, as well as environmental issues
such as drought and limited availability of clean water resources,
Oare major challenges that need to be addressed [7], [8], [9]. The use
of amodified WAC as a desalination device is an option to consider.
This modification allows the WAC to function as both an air
conditioning unit and a system to separate salt from saltwater.
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Evaluating the performance of the WAC asa desallnatlon device is
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essential to ensure the effectiveness of this system In‘ removing salt
from seawater.

Desalination systems, such as reverse osmosis (RO), are
currently available [10]. However, such technologies consume
much energy [11], especially on a large scale, making it inefficient
for households or places with limited energy resources. On the other
hand, WAC is a device that is widely used in many homes [12] and
operates according to the principles that allow it to be used in
desalination processes. The main problem is how to modify the
WAC without compromising its cooling efficiency and ensuring
optimal system performance during its switch to desalination
function.

Research on the use of air conditioning for desalination
processes is still in its infancy. Some of the research that has been
conducted includes the integration of a split air conditioning system
with a Humidification-Dehumidification (HDH) desalination unit
utilizing solar energy, the utilization of solar heating to improve the
performance of a hybrid desiccant air conditioning system coupled
with an HDH desalination unit, numerical analysis of a hybrid air
conditioning system supported by solar energy and integrated with
an HDH desalination system, and modified window air conditioner
to produce potable water through humidification-dehumidification
desalination process [13], [14], [15], [16]. These experiments show
that combining an air conditioning system with a desalination unit
can produce clean water. Nevertheless, these studies have not
investigated the impact of vortex generators on desalination
effectiveness, particularly in enhancing the evaporation rate.
Multiple studies have investigated the application of vortex
generators in desalination to enhance the evaporation rate [17],
[18], given that vortex generators influence the convection heat
transfer coefficient [19]. Previous research has not examined the
performance of WAC modified with a vortex generator as a
desalination tool against seawater evaporation. Desalination itself
is the process of separating salt and minerals from seawater to
produce freshwater [20]. Cooling system performance can be
determined by assessing the Refrigeration Effect (RE),
Compression Work (CW), and Coefficient of Performance (COP)
[21].

Therefore, this study aims to determine the performance of the
modified WAC as a desalination device against seawater
evaporation. This research has analysed the impact of various tested
variables on the evaporation of seawater at a given temperature. The
desalination mechanism focuses on the evaporation process, where
seawater is evaporated using the modified WAC. The performance
assessment of this system uses the parameters RE, CW, and COP,
which are the main indicators in assessing the ability of the device
as a desalination system. It is hoped that this research can provide a
deep insight into the potential of WAC modification to produce a
more effective and efficient desalination system.

2 Method

This study used a WAC to compare its performance as a
desalination device. The experimental setup used in this study is
presented in Fig. 1. The working fluid of the air conditioning system
is R410A refrigerant [22] with the specifications shown in Table 1.
This research was conducted at the Mechanical Engineering
Laboratory, Faculty of Industrial Technology and Informatics,
Universitas Muhammadiyah Prof. Dr. Hamka. In addition, the
measurement tools used are listed in Table 2. Tests on the utilization
of WAC as a desalination tool were carried out with variables of
Closed Container (CC), Without Vortex (WV), Connected Vortex
(CV), and Separate Vortex (SV) (Fig. 2).

Refprop™ software version 10.0.0.9b is used to determine the
properties of the refrigerant at enthalpy at each point based on the
cooling system performance data by analyzing the saturation
pressure, temperature, enthalpy, entropy, and density of the

refrigerant [24], [25]. System performance is analyzed using
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air condltloner is evaluated by determining the refrigeration effect,
which is the difference in refrigerant enthalpy between the
evaporator's inlet and outlet, and the compression work, which is
the enthalpy difference between the compressor's outlet and inlet.
)The values of RE, CW, and Coefficient of COP are determined
based on the obtained enthalpy results [27].

Steam Funnel
6

Variable Location
T5

Main Container  Control Container

|

Condensation
Container

Cn/ntainer
[}

igital
Scale

Fig. 1. Experimental setup
Table 1. Refrigeration unit specifications

Dimension Specification
Model WAC Uchida MP — W9M
Voltage 1 Fase 220V — 50 Hz
PK Power 1PK

Cooling Capacity 8600 BTU/h
Electrical power 840 W

Current 40A

EER 10.01 BTU/hW
Refrigerant R410A 360 g

Size 500%345x465 mm

Table 2. Measurement tools
Tools Function
Thermostat XH-W3001 Water temperature

Specification
-50°C -110°C, £0.1°C.

Digital thermometer Temperature -50°C -110°C, +0.1°C.
Manifold Gauge Pressure 0 —500 psi, 5 psi
oDigitaI scale 30 kg Water Mass 0 — 30 kg, 0.005 kg

In this experiment, the seawater in the evaporation container is
transferred to the control container via a pump. This step aims to
deliver the water to the main container, where it will be heated using
a condenser until the temperature reaches about 55-60°C, which is
regulated by a thermostat. As the water evaporates, the resulting
vapor is directed upwards through the steam funnel before finally
entering the evaporator.

The main container has an overflow mechanism that delivers water
to the evaporation container to maintain the temperature in the
range of 55-60°C. In addition, the control container is also equipped
with an overflow system for the evaporation container to ensure the
water level remains Stable. This system allows the control container's
water level to remain constant while the evaporation container's
water level drops due to the evaporation process [23]. The
oevaporation rate was determined by the mass of water in the
evaporation container, which was measured with a digital scale to
confirm the amount of water lost owing to evaporation. In Fig. 1

ata was collected at P1, T1, P2, To, P3, T3, Ps, Ts, Ts, Ts, T7. Where

1, T1 is the compressor inlet pressure, temperature, P,, T» is the
compressor outlet pressure, temperature, Ps, Ts is the expansion
inlet pressure, temperature, P4, T4 is the expansion outlet pressure,
@emperature, Ts is the condenser temperature, T6 is the evaporator
temperature, T- is the evaporator outlet air temperature, and the

7] turnitin

Page 6 of 9 - Integrity Submission

l Evaporation

variable location is used for a closed clﬁ)bntalner b BLacmg a (Plate on

mission ID tfn:

top of the container, a container W|thout vortex, vortex connected
and vortex separated. Figs 3-4 shows the vortex used in this study.

(c) Connected vortex (CV) location

(d) Separated vortex (SV) location
Fig. 2. Variable location
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@ Fig. 4. Separated vortex (SV)

e Refprop™ software version 10.0.0.9b is used to determine the
properties of the refrigerant at enthalpy at each point based on the
cooling system performance data by analyzing the saturation
pressure, temperature, enthalpy, entropy, and density of the
refrigerant [24], [25]. System performance is analysed using
pressure and temperature obtained through calculations on R410A
refrigerant using Refprop™ software [26]. The effectiveness of an
air conditioner is evaluated by determining the refrigeration effect,
which is the difference in refrigerant enthalpy between the
evaporator's inlet and outlet, and the compression work, which is
the enthalpy difference between the compressor's outlet and inlet.
The values of RE, CW, and COP are determined based on the
obtained enthalpy results [27]. The RE, CW, COP are determined

eusing Eqs(1-3) [28].Where: h; is enthalpy at the compressor inlet,
h, is Enthalpy at the compressor outlet, and h4 is enthalpy at the
Evaporator inlet.

RE = h1 - h4 (1)

@ CWwW = hz - h1 (2)
_ RE _hl-h4

COP = o “mamt @)

Results and Discussion
This study examines the performance of WAC for utilization as
a desalination tool with four variables: CC, WV, CV, and SV. Fig.
shows the data collection process. At points 1 to 4, data of Py, Ty,
2, T2, P3, T3, P4, and T4 are collected sequentially. The digital scale
t point 5 is used to measure the mass of water in the evaporation
container to determine the decrease in mass due to evaporation. The
seawater in the main container was heated by a condenser
controlled by a thermostat to maintain a temperature between 55-
60°C. Data was collected every 5 minutes for 8 hours. The system
performance is greatly affected by the evaporation rate, which
impacts the COP value of the WAC. In addition, this process
demonstrates how the integration of vortex generators can improve
desalination efficiency.
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Digital Scale

Fig. 5. WAC as a desalination devices

Fig. 6 shows the pressure-enthalpy (P-h) diagram for R410A
refrigerant at various variables, namely CC, WV, CV, and SV. The
enthalpy values are obtained from the calculation results using
Refprop™ software, with input data in the form of pressure and
temperature at each point: Py, Tq, P2, To, P, T3, P4, and T4. The
average evaporator exit air temperature for each variable is 17.8°C,
18.6°C, 18.7°C, and 18.9°C, respectively. Meanwhile, the
condenser exit air temperatures were 55.7°C, 56.3°C, 56.9°C, and
57.1°C, respectively. Based on the enthalpy values obtained, the
performance of the WAC system can be calculated, including the
RE, CW, and COP values.

R410A
Closed Container — Without Vortex — Connected Vortex — Separated Vortex

500.0 B v,

Pressure (Psia)
. w
I}

100.0 200.0 300.0 400.0 500.0

Enthalpy (kJ/kg)

Fig. 6. P-h diagram for R410A with a closed container, without
vortex, connected vortex, and separated vortex

In a refrigeration system, efficiency is crucial to consider. One
concept that plays a role in measuring the efficiency of a
refrigeration system is the RE, which is the amount of heat absorbed
by the refrigerant in the evaporator for each unit mass of cooling,
which occurs in the process from 4 to 1 [29], [30]. By calculating
using Eqg. 1, the RE of R410A for various CC, WV, CV, and SV
variables in the desalination process is shown in Fig. 7. The results
show a decrease in RE; a lower refrigeration effect can lower COP
[31]. The latent heat of vaporization in the Air Conditioning (AC)
system comes from the evaporation of refrigerant [32]. The closed
container of R410A has the highest RE value. The high RE value is
due to the latent heat of vaporization [33] and high enthalpy
compared to the other variable, R410A. As a result, the desalination
process using closed-container R410A yields better cooling
capacity than the other variable, R410A.
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Fig. 7. Refrigeration effect and compression work with closed
container, without vortex, connected vortex, and separated vortex.

Meanwhile, the CW of R410A for various variables, the CW
value in the figure is calculated using Eq.2. Unlike RE, CW has a
constant increase. This is due to the increase in compressor
pressure, the refrigerant temperature [34], and enthalpy. An
increase in refrigerant pressure can increase compressor work, thus
decreasing the COP value [35]. CW of the closed container R410A
is lower than that of the other variable R410A. This indicates that
the R410A refrigerant in the sealed container has a lower
temperature, so the compressor workload is lighter [36].

The COP is calculated using Eqg. 3, and Fig. 8 shows that the

OP value decreases as the evaporation increases. The use of a
vortex increases the evaporation rate and efficiency in the
desalination unit, resulting in faster evaporation [37], [38]. CV and
SV have different geometry so it can affect the characteristics of
airflow. CV has fewer and connected, while SV with more
separated numbers produces better evaporation and increased
effectiveness [39].

Evaporation mCOP

6.00 6.00

5.01

5.00 5.00
4.00

5.08
4.69
a3
4.15 4.15 201
i 3.00
2.00 2.00
1.00 1.00
0.00 0.00

Closed Container Without Vortex Connected Vortex Separated Vortex
Fig. 8. Evaporation and COP with closed container, without vortex,
connected vortex, and separated vortex.

I~
o
=]

Evaporation (kg)
g
Coeffisien of Performance (COP)

On the other hand, an increase in refrigerant in the refrigeration
machine can lead to an increase in temperature in the condenser,
which requires greater compression effort [40]. The condenser
located inside the main container helps to heat the water and
increase evaporation as the temperature rises. The increased
evaporation temperature from the condenser is then transferred to
the evaporator through a steam funnel designed to direct the
incoming air to the evaporator. The CC is secured with plates to

revent evaporation in the condenser from affecting the temperature
of the air entering the evaporator. This causes a high refrigeration
effect and reduces compression work, resulting in an optimal COP.

4 Conclusion
This study demonstrates that incorporating a vortex generator

into a modified WAC significantly impacts seawater evaporation
;] turn|t|n Page 8 of 9 - Integrity Submission

rates in desalination. The SV configubr%tggoq IBrtcr)ndotinq_gd t7r£6p7ghest
evaporation rate (5.01 kg) but reduced system "'eﬁgiuency by
increasing compressor workload, leading to a lower COP (3.91).
Conversely, the CC condition achieved the highest COP (5.08) by
minimizing heat loss and stabilizing air temperature entering the
evaporator. These findings highlight the trade-off between
evaporation enhancement and system efficiency.

Future research should explore alternative  vortex
configurations, large scale testing, and environmental variations to
optimize WAC-based desalination systems.
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