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DESIGN OF WEBSITE-BASED WASTE MANAGEMENT
SYSTEM USING LARAVEL FRAMEWORK IN RT 06
KRAMAT JATI

PERANCANGAN SISTEM PENGELOLAAN IURAN SAMPAH
BERBASIS WEBSITE MENGGUNAKAN FRAMEWORK
LARAVEL DI RT 06 KRAMAT JATI

Budi Eka Saputra’, Isa Fagihuddin Hanif
Universitas Muhammadiyah Prof. Dr. Hamka
J1. Limau 2 Kebayoran Baru, Jakarta Selatan
budisaputraal 5@gmail.com’, isa@uhamka.ac.id’

Abstract - Waste management fees at the Neighborhood Association (RT) level often experience
obstacles such as recording errors, late payments, and lack of information transparency. This has an
impact on low service efficiency and citizen participation. The purpose of this research is to build a web-
based information system that can support the waste management process, using the Laravel framework
as the main tool to improve efficiency, transparency, and administrative accountability in RT 006 RW
010, Kramat Jati, East Jakarta. The study was conducted on 10 residents and RT administrators as
respondents, selected based on their activeness in every resident activity from February to May 2025.
The system allows RT administrators to manage data digitally, while residents can monitor payment
status in real-time. For residents who are not familiar with technology, admins can enter data manually.
The test results show that all features in the system run smoothly and support the administration process
effectively. This system has been proven to significantly reduce manual recording and recap time, as
well as increase citizen involvement in the payment process. In the future, this system has the potential
to be further developed with the integration of digital payments such as QRIS and mobile applications,
to expand reach and improve service convenience.

Keywords — Framework, Laravel, SDLC, web-based system, Information System.

Abstrak — Pengelolaan iuran sampah di tingkat Rukun Tetangga (RT) sering mengalami kendala seperti
kesalahan pencatatan, keterlambatan pembayaran, dan kurangnya transparansi informasi. Hal ini
berdampak pada rendahnya efisiensi layanan dan partisipasi warga. Tujuan dari penelitian ini adalah
untuk membangun sebuah sistem informasi berbasis web yang dapat mendukung proses pengelolaan
iuran sampah., menggunakan framework Laravel sebagai alat bantu utama guna meningkatkan efisiensi,
transparansi, dan akuntabilitas administrasi di RT 006 RW 010, Kramat Jati, Jakarta Timur. Penelitian
dilakukan terhadap 10 warga dan pengurus RT sebagai responden, dipilih berdasarkan keaktifan dalam
setiap kegiatan warga pada bulan Februari hingga Mei 2025. Sistem memungkinkan pengurus RT
mengelola data secara digital, sementara warga dapat memantau status pembayaran secara real-time.
Bagi warga yang belum akrab dengan teknologi, admin dapat memasukkan data secara manual. Hasil
pengyjian menunjukkan bahwa semua fitur dalam sistem berjalan dengan lancar dan mendukung proses
administrasi secara efektif. Sistem ini terbukti dapat mengurangi waktu pencatatan dan rekap manual
secara signifikan, serta meningkatkan keterlibatan warga dalam proses pembayaran. Ke depannya,
sistem ini berpotensi dikembangkan lebih lanjut dengan integrasi pembayaran digital seperti QRIS dan
aplikasi mobile, untuk memperluas jangkauan serta meningkatkan kenyamanan layanan.
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Kata Kunci — Framework, Laravel, SDLC, Sistem Berbasis Website, Sistem Informasi.

L PENDAHULUAN

Layanan publik yang efisien, akuntabel, dan transparan merupakan fondasi utama dalam
menjaga keberlangsungan tatanan sosial yang harmonis, khususnya pada era digital yang
menuntut responsivitas dan kemudahan akses informasi. Di tingkat komunitas lokal seperti
Rukun Tetangga (RT) dan Rukun Warga (RW), peran administratif menjadi sangat vital,
termasuk dalam pengelolaan iuran kebersihan seperti iuran sampah. Namun, realita di lapangan
menunjukkan bahwa proses pengelolaan masih mengandalkan pencatatan manual yang tidak
hanya rentan terhadap kesalahan input, keterlambatan, dan redundansi data, tetapi juga minim
transparansi. Kondisi ini berpotensi menurunkan partisipasi aktif warga serta menghambat
akuntabilitas keuangan [1] [2] [3].

Untuk menjawab tantangan tersebut, penelitian ini merancang dan mengembangkan sebuah
sistem informasi pengelolaan iuran sampah berbasis web menggunakan framework Laravel.
Fokus penerapannya adalah lingkungan RT 006 RW 010, Kelurahan Kramat Jati, Jakarta
Timur, dengan tujuan utama meningkatkan efisiensi administrasi, memperluas akses informasi
bagi warga, serta memperkuat kepercayaan publik melalui transparansi data keuangan [5] [6].
Laravel dipilih sebagai platform pengembangan karena keunggulannya dalam menyediakan
arsitektur Model-View-Controller (MVC), kemudahan integrasi database, fitur keamanan
bawaan, serta dokumentasi yang komprehensif dan komunitas pengembang yang aktif [4] [7]

[8].

Sistem yang dikembangkan dirancang untuk mendukung dua jenis pengguna. Pertama, warga
yang memiliki literasi digital dapat memantau dan melakukan pembayaran secara daring
melalui dashboard pengguna. Kedua, warga yang belum familiar dengan teknologi, khususnya
lansia, tetap dapat dilayani melalui pencatatan manual oleh pengurus RT yang bertindak sebagai
admin sistem [5]. Penelitian ini mengadopsi pendekatan System Development Life Cycle
(SDLC) model Waterfall yang dinilai cocok untuk proyek sistem yang terstruktur dan memiliki
kebutuhan yang relatif stabil [9] [1] yang meliputi analisis kebutuhan, desain, implementasi,
pengujian, hingga pemeliharaan. Hasil sistem ini diharapkan mampu menjadi solusi konkret
dalam mewujudkan tata kelola iuran yang lebih transparan dan modern.

Pertanyaan penelitian yang diajukan dalam studi ini adalah: Bagaimana sistem informasi
berbasis web dapat meningkatkan efisiensi, transparansi, dan partisipasi warga dalam
pengelolaan iuran sampah di lingkungan RT?

Dengan pendekatan inklusif dan adaptif terhadap kondisi masyarakat, sistem ini diharapkan
dapat menjadi solusi praktis dalam digitalisasi layanan RT yang berkelanjutan dan ramah
pengguna.

1I. SIGNIFIKASI STUDI
A. Penelitian Terdahulu

Penelitian ini relevan dengan tren pengembangan sistem informasi berbasis web dalam
meningkatkan efisiensi dan akuntabilitas administrasi masyarakat. Berbagai studi sebelumnya
telah mengembangkan sistem digital untuk mencatat dan mengelola iuran lingkungan,
menggantikan proses manual yang rentan terhadap kesalahan pencatatan dan keterlambatan
informasi [4]. Secara umum, sistem yang dirancang bertujuan untuk memudahkan pengurus
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mencatat transaksi, menyimpan data terpusat, serta menyediakan akses informasi kepada warga
secara real-time dan akurat [5].

Framework Laravel sering menjadi pilihan utama karena menawarkan struktur pengembangan
yang bersih, keamanan tinggi, integrasi database yang kuat, serta komunitas dan dokumentasi
yang aktif [7] [8]. Meskipun framework lain seperti Codelgniter atau Django juga populer,
Laravel unggul dalam hal arsitektur berbasis MVC, blade templating engine, dan fitur built-in
seperti autentikasi, validasi, serta routing yang efisien [7] [10]. Hal ini menjadikan Laravel ideal
untuk pengembangan sistem yang skalabel dan mudah dikelola oleh tim kecil seperti pengurus
RT.

Studi terdahulu juga menunjukkan bahwa penerapan sistem informasi berbasis web dapat
meningkatkan efisiensi operasional, menyediakan transparansi data pembayaran, dan
meningkatkan akuntabilitas pengelolaan keuangan warga [5] [6] [1]. Meskipun demikian,
sebagian besar sistem masih berfokus pada penggunaan daring (online) tanpa memperhatikan
kebutuhan pengguna lanjut usia atau warga yang belum familier dengan teknologi.

Karena itu, kontribusi utama dari penelitian ini adalah pendekatannya yang inklusif, yaitu
menyediakan mekanisme input manual oleh admin sebagai solusi untuk menjembatani
kesenjangan literasi digital. Dengan mengadaptasi praktik terbaik dari studi sebelumnya,
Sistem yang dirancang dalam studi ini diharapkan dapat memperbaiki mutu pelayanan di
tingkat Rukun Tetangga secara menyeluruh dan mendorong kepercayaan warga terhadap
pengelolaan administrasi yang lebih terbuka dan efisien.

B. Metode Penelitian

Sistem dirancang menggunakan metode penelitian yang digunakan adalah System
Development Life Cycle (SDLC) dengan model Waterfall. Model ini dipilih karena alurnya
yang sistematis dan terstruktur [10]. Referensi [4] Metode Waterfall memiliki alur yang sangat
jelas, pembuatan sistem sangat detail, Semakin detail perencanaan dan pembagian tugas dalam
proses pengembangan sistem, maka semakin kecil pula peluang terjadinya kesalahan selama
implementasi, maka dari itu metode Waterfall ini sangat tepat digunakan dalam penelitian ini.
Sistem diterapkan untuk memudahkan pembayaran iuran sampah online dan membantu petugas
mengelola data pembayaran secara otomatis, meningkatkan efisiensi dan akurasi [4] [5].

Analisis Kebutuhan
Ll \
v
Desain Sistem —
‘ |
Implementasi dan
‘ penulisan kode ‘

v

| Verifikasi Program

| | " mmm

1 Program
Gambar 1. Metode Waterfall [11]
1. Analisis Kebutuhan
Proses ini bertujuan untuk memahami permasalahan dan kebutuhan pengguna sistem
melalui observasi dan wawancara. Tahap ini merupakan proses menghimpun
kebutuhan, baik dalam bentuk dokumen maupun antarmuka, untuk menganalisis dan
merumuskan spesifikasi kebutuhan perangkat lunak. Tujuannya adalah agar kebutuhan
pengguna dapat dipahami secara menyeluruh, sehingga solusi perangkat lunak yang
tepat dapat ditentukan untuk mendukung proses komputerisasi sistem [3]. Hasil analisis
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menunjukkan bahwa warga RT 006 RW 010 Kelurahan Kramat Jati mengalami
berbagai kendala, seperti pencatatan iuran yang kurang akurat, sulitnya memantau data
pembayaran, serta keterbatasan kemampuan teknologi sebagian besar warga. Oleh
karena itu, sistem dirancang agar dapat digunakan oleh dua tipe pengguna: warga yang
paham teknologi bisa melakukan pembayaran melalui transfer bank, sedangkan bagi
yang tidak, data akan dicatat oleh pengurus RT selaku admin [4] [10] [11].

2. Desain Sistem

Desain sistem mencakup perencanaan struktur, alur data, serta tampilan antarmuka
pengguna berdasarkan hasil analisis kebutuhan. Digunakan diagram seperti ERD, DFD,
dan Use Case untuk menggambarkan relasi data, alur proses, dan interaksi antar
pengguna. Desain U/UX disesuaikan dengan kondisi warga yang sebagian besar
berusia lanjut dan belum terbiasa menggunakan aplikasi digital, sehingga sistem
dirancang dengan tampilan yang sederhana, mudah dipahami, dan meminimalkan
kesalahan penggunaan.

3. Implementasi dan Penulisan Kode

Pada tahap ini, peneliti mulai merealisasikan rancangan yang telah dibuat ke dalam
bentuk implementasi kode program, mencakup pembuatan antarmuka login hingga fitur
pencetakan laporan. Proses implementasi ini merupakan langkah mengubah rancangan
sistem menjadi kode-kode yang dapat dijalankan menggunakan bahasa pemrograman
tertentu [9]. Tahap ini merupakan proses penerjemahan desain sistem ke dalam kode
program menggunakan framework Laravel dan desain tampilan menggunakan
booststrap. Laravel dipilih karena mendukung pengembangan aplikasi web dengan
struktur yang terorganisir dan efisien. Pengembangan dilakukan secara bertahap,
dimulai dari fitur login admin, input data warga, pencatatan pembayaran iuran, hingga
pembuatan laporan dan fitur cetak. Semua fitur disesuaikan dengan kebutuhan
pengguna dan mendukung pengelolaan data yang lebih terstruktur.

4. Verifikasi Program

Verifikasi program dilakukan guna memastikan bahwa semua fitur berfungsi Secara
tepat dan mengacu pada spesifikasi yang telah dirumuskan sebelumnya, proses
pengujian pun dilaksanakan secara menyeluruh, mulai dari unit testing untuk setiap
fitur, integration testing untuk memastikan hubungan antar fitur, hingga system testing
untuk pengujian keseluruhan aplikasi. Selain itu, dilakukan pula user acceptance testing
(UAT) bersama admin RT menggunakan blackbox testing guna memastikan sistem
sudah memenuhi kebutuhan pengguna dan siap digunakan secara nyata [12].

5. Pemeliharaan Program
Pada tahap ini dilakukan pelatihan bagi admin dan penyediaan dokumentasi
penggunaan. Tahap ini juga mencakup pemantauan awal terhadap kinerja sistem dan
respons pengguna. Jika ditemukan masalah atau kebutuhan baru, dilakukan perbaikan
atau penyesuaian. Pemeliharaan ini penting untuk memastikan sistem tetap berjalan
optimal dan dapat berkembang sesuai kebutuhan pengguna di masa mendatang [13].

III. HASIL DAN PEMBAHASAN

A. Perancangan Sistem

Dalam penelitian ini, UML (Unified Modeling Language) dimanfaatkan sebagai media
perancangan dan visualisasi sistem yang akan dibangun. UML dipilih karena mampu
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menggambarkan struktur, alur proses, serta interaksi antara pengguna dan sistem secara jelas

dan terstruktur.

1. Use Case Diagram

Diagram Use Case merepresentasikan interaksi antara pengguna sistem dan sistem itu sendiri,
serta menjelaskan peran serta aktivitas utama yang dapat dilakukan oleh masing-masing
pengguna. Dalam aplikasi ini, terdapat dua peran penting, yaitu Pengurus(Admin) dan

Warga(User).

Meiskuian
Pembayaran

Verifikasi
Pembayaran
Kalo'a Data
e

Gant Password

e

2. Class Diagram

Gambar 2. Use Case Diagram

Pada sistem informasi pengelolaan iuran sampah berbasis web ini, terdapat beberapa entitas
utama seperti User, Iuran, dan Bayar, yang masing-masing direpresentasikan dalam bentuk

kelas.

Bayar
id - int(11)

user_id : int(11)

User

id - int(11)
nik : varchar(20)

luran

nominal : varchar(50)
status : varchar(10)
qris - text

tanggal : date
+login()

+ getProfile()

+ updateProfile()

3. Activity Diagram

- varchar(255)
role - enum('admin’, 'user’)
namawarga : varchar(10)

nomorrumah : varchar(10)

+ createPayment()
+ getPaymentByUser()
+ getMonthlyReport()

+ printReceipt()

Gambar 3. Class Diagram

1. Dashboard Tambah Iuran
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id : int(11)

user_id : int(11)

namawarga : varchar(50)

deskripsi : enum (rumah pribadf, 'kontrakan')
pembayaranterakhir - date

pembayaranselanjutnya : date

+ getluranByUser()

+ updateNextPaymentDate()
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Menunjukkan tampilan dan navigasi awal yang berbeda antara admin dan user, termasuk akses
fitur yang tersedia. Tampilan dashboard dirancang untuk menyajikan informasi penting secara
ringkas dan mudah dipahami.

Admin

Sistem luran Sampah

Sistem luran Sampah

Hal
Dashboard Admin

Kl Tambah luran

g

< < I .
H
H

Input Data Warga
dan luran

Data Masuk di
Card Belum
Bayar

~| Modal Bayar

- \
P—-

< Bornasi? >

NG ,

=

o
Yes (‘Lunas’)

Pembayaran
Berhasi

Data Masuk di
Tabel Riveyat dan
Card Sudah Bayar

@

Halaman
Dashboard

Input nominal can
bukt bayar

Status "y

fenunggu”

Tidak
W £ B
W D,
 Ditenma Acmin? >
~ -
0 -
N

Ya

v
Pombayaran
Berhasi

¥

Data masuk oi
tabel rivayat

RS
L

Gambar 4. (a)Activity Diagram Tambah Data Iuran admin (b) Activity Diagram Tambah Data Iuran User

Berdasarkan alur gambar 4 (a) menggambarkan aktivitas tambah data dari role admin yang
digunakan untuk lansia yang tidak tidak melek akan teknologi, dan gambar 4 (b)
menggambarkan tambah data iuran secara mandiri dan tetap akan di cek kembali bukti bayar
nya oleh admin pada halaman verifikasi bayar.

2. Verifikasi Bayar

Memperlihatkan proses verifikasi oleh admin atas data pembayaran yang telah dikirimkan atau
diinput, untuk menghindari kesalahan pencatatan. Diagram ini penting untuk menggambarkan
kontrol internal sistem terhadap keakuratan data keuangan.
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Admin

Sistem luran Sampah

Halaman
Verfikasi Bayar

Menunggu Warga
Bayar luran Mandin

Verfikas| Bukt
Bayar User

Status Bayar

"Menul

inggu”

Status Bayar

"Ditolak"

Tolak

P N
> lenmaﬂ'oiu;\/
e
Terima

Pembayaran

Berhasil

Data Masuk ol
Tabel Rivayat dongan
stalus bayal "LUNAS

!
7 N\
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Gambar 5. Activity Diagram Verifikasi Pembayaran
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The growing demand for air conditioning systems has driven research into alternative applications, such as seawater desalination.
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thermostat, and data was collected every five minutes over eight hours. The thermodynamic properties of R410A were analyzed
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Results indicate that the SV configuration achieved the highest evaporation rate (5.01 kg) but led to a lower COP (3.91) due to
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Ahstruct

The growing demand for air condiioning systems has driven
resmarch  imlo  altermative applicabons, such as  scawater
desalmation. This study evaluates the performance of 3 modafied
Window Air Comdibomer (WAC) miegrated with a vortex
generator for desalination. Expenments were conducted using
RA10A r!fng;e‘ra.nlundrr four condatsons: Closed Container (CC),
Without Vortex (WV), Conmecled Vorex (CV), and Separated
Vortex (5V). Seawater was heated via the condenser bo 55-60°C,
controlled by a thermostat, and data was collected every five
minuies over eight hours. The thermodynamic properties of
RAl A were amalysed usmg Refprop™ software to determine the
Refngerabion Effect {RE), Compression Work (CW) amd
Coefficient of Performance (COP). Results indscate that the SV
configuration achieved the highest evaporation mte (5.01 kgh but
led to a lower COF (3.91) due 1o increased condenser temperabare
and compressor workload Conversely, OC yielded the highest
COF {5.08) by ssbabzing the evaporator air temperature and
reducing compressor effort. These findings suggest that voriex
gencrators  enhance evapomtion mades  bul reduce  system
efficiency. Further researc b iz meeded 1o optimize vortex generalor

configurations 1o mprove desalimation  efficiency  while
minimizing COF reduction.

Keyworids:

Window air condiomer, wvorlex gemeralor,  desalinabon,

Refprop™, COPF

1 Inmtrodection

Along with the improvement of the quality of lifie and the need
for comfor, the use of air condioning systems is increasing in
daily Life [1], [2]. Air conditioning systems alse help remove
moisture and arbome particles from the room [3]. Therefore, the
use of air conditioners 1s no longer just part of a lifestyle but rather
arms i provide combort when moving or doang activities mdoors
[#]. Ome of the most common types 15 the Window Air Conditioner
(WAC), which uses a vapor compression cycle 1o take heat from
the air mside and expel it outssde through condensation [5]. This
condensation water is usually dsposed of as wasie but can be wsed
to make clean water under certain condstions [6]. The high demand
for clean water around the world, as well as environmental 1ssues
such as drought and limited avaslability of clean waler resources,
are major challenges that need to be addressed [ 7). [B]. [9]. The use
of s modified WAC 2= a desalination device 1= an option to conssder.
This modshication allows the WAC to lunchon as both an amr
conditioning unit and a sysbem o scpamic salt from saltwaler.

Disserminating Information on the Research of Mechamcal Engn

Evaluating the performance of the WAC as a desalination device =
essential to ensure the effectiveness of this system in removing salt
From: seawaber.

Desalmation systems, such as reverse osmosis (RO), are
cummently available [10]. However, such technologees consume
much energy [11], especmily on a large scale, making it mefficient
for households or places with hmited energy resources. On the other
hamd, WAC 15 a device that = widely used in mamy bomes [ 12] and
operates according to the principles that allow it to be used m
desalination processes. The mamm problem 13 bow to modafy the
WAC wrboul compromising its cooling efficeency and ensuring
optimal sysiem performance during o swiich to desalination
Function.

Research on the use of air condiwoming for desalmation
processes i still in its infancy. Some of the research that has been
conducted mcludes the miegrabion of a split ar condisomng system
with a Humidificabion-Dehumidificabon (HDH) desalination unst
utilizzing solar energy. the utilirmtion of solar heating o mprove the
performance of a bybrid dessccant ar conditionmg gystem coupled
with an HDH desalmation unst. numernical analysis of a hybnd ar
conditionmg system supported by solar energy and integrated with
an HDH desalination system, and modified window xir conditioner
to produce potable water throwgh bumsdafication-d ebiumsdafication
desalination process [ 13]. [14], [15]. [16]. These experments show
that combining an air condisoning sysiem with a desalination wnit
can produce clean waler. Nevertheless, these studes have not
investigaded the impact of vorlex gemerators on desalmation
cffectiveness, particularly in enhancing the evapomtion e
Multiple stsdies have imvestigated the application of vortex
generators 0 desalination 1o enhance the evapomtion mte [17)].
[18]. given that voriex gemerators miluence the comvection heal
tranzfer coefficsent [19]. Previous research has not examined the
performance of WAC modified with a vorlex generalor 2s a
desalination ool against seawater evaporation. Desalination stself’
iz the process of scpamabting salt and minerals from seawater to
produce freshwater [20]. Cooling system performance can be
determmed by  assessing  the Refngemtion  Effect (RE)L
Compression Work (CW), and Coellicient of Performance (C0P)
[21].

Therefore, this study ams 1o determine the performance of the
modified WAC a5 a desalimabon device agamst  seawater
evaporaison. This research has analysed the mpact of various tested
wvariables on the evaporstion of seawater at a given temperature. The
desalination mechansm focuses on the evaporation process, where
seawaler is evaporated using the modified WAC. The performance
assessment of this system uses the parameters RE, CW, and COP,
which are the main mdicators m assessing the abalsty of the device
as a desalmation system. It is hoped that this research can provide a
deep insight into the potential of WAC modification to produce a

muore effective and effscient desalination system.

2 Method

This study used a WA to compare s performance as a
desalination device. The experimental sctup used in this slody 15
presented in Fig. 1. The workmg fuid of the air condisoning system
15 R4 10A refrigerant [22] with the specifications shown in Table 1.
This research was conducted at the Mechanical Engineenng
Laboratory. Faculy of Industrial Technology amd Informatics,
Universites Muhammadivah Prof. Dr. Hamka In addibon, the
measurement lools used are lisied in Table 2. Tests on the utilization
of WAC as a desalination tool were carmied cut with variables of
Closed Comtammer (CC), Withowt Yortex [WV), Connecled Vorlex
(CV), and Separate Vortex (3V) (Fag. 2).

Relprop™ software versson 1000009k 15 used to determine the
properises of the refrigerant at enthalpy 3t each point based on the
cooling system performance data by analyrmg the saturabion
pressure, icmperature, enthalpy, cntropy, and density of the
refrigerant [24], [25]. Syslem performance 15 amalyvzed using

Poln m Vol
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pressure and temperature obtained th h calcul on R410A
refrigerant using Refprop™ software [’6] The effectiveness of an
wir conditioner is evaluated by determining the refnigeration effect,
which s the difference in refrigerant emthalpy between the
evaporator’s miet and omleL and the comprcmon work, which 1s
the enthalpy diffe the T r's outlet and mlet.
The \'aluu of RE, CW, and Coefficient of COP are determined
based on the obtained enthalpy results [27].

LA L “,n-h—l
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Fig. 1. Expenmental setup
Table 1. Refng unit specifications
Dy i Specificaty
Model WAC Uchida MP - W9M
Vaoltage 1 Fase 220V - 50 Hz
PX Power 1PK
Cooling Capacuty 8600 BTUR
Electrical power MHOwW
Current 40A
EER 1001 BTURW
Refrigeramt R410A 0z
Size S00x345 %463 man
Table 2. M, i tools
Tools Function Specification
Thermostat XH-W2001 Water temperature  -50°C -110°C, 20.1°C.
Digital th Temp SSO°C 10°C, 20.1°C.
Manifold Gauge Pressure 0 - 500 psi, 3 psi
Digital scale 30 kg Water Mass 0 - 30 kg, 0.008 kg

In this expenment, the scawater in the evaporabion container is
transferred to the control contamer via a pump. This step aims 1o
delaver the water to the main contamner, where it will be heated using
a condenser until the temperature reaches about 55.60°C, which 1s

gulated by a th al. 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 evap to the P m the
range of 55.60°C. ln addition, the control contazner 1s also equipped
with an overflow system for the evaporation contamer to ensure the
watter level s stable. This system allows the control container’s
water level to remain constant while the evaporation contaner's
water level drops due to the evaporatwon process [23). The
evaporation rale was determined by the mass of water in the
evaporation which was i with a dagital scale 1o
confirm the amount of water Jost owmg lo evaporaton. In Fig. |
data was collected at Py, Ty, P2, To. P3, Ty, Po T, To. T T+ Where
Py, Ty 1s the compressor mlel pressure, temperature, Pz, Tz 1s the

P outlet p P;, T; 1s the expansson
inlet pressure, l:nveramn: Ps, Tn 1s the expanson outlet pressure,
temperature, T. is the cond Té 1s the evap
temperature, Ty is the evaporator outlet air temperature, and the

h of Mech

varnable Jocation 1s used for a closed container by placing a plate on
top of the container, 2 contminer without vortex, vortex connected,
and vortex separated. Figs 3-4 shows the vortex used m this study.

(2) Closed container (CC) location

(b) Without vortex (WV) kocation

{c) Connected voetex (CV) locaton

{d) Separated vortex (SV) location
Fag. 2. Vamable location
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Fig. 3. Conmected vortex (CV)

Fig. 4. Separated vortex (SV)
Refprop™ software version 10.0.0.9 1s used to determine the
mpcm:s of the refng:nnl at enthalpy at each point based on the

c data by analyzing the ssturaboa
pn:nm. taqumr!. enthalpy, entropy, and demsity of the
mfnga-n [24], [25). Sys\cm ptrformm = analysed using
cakoul on R410A

frig, usmgl? prop™ soft: ("6] The effectiveness of an
air conditioner is evaluated by determining the refnigeration effect,
which is the difference in refrigerant emthalpy between the
evaporator's mbet and omld. and the compression work, which 1s
the enthalpy difli the P r's outlet and mlet.
The values of RE, CW, and COP are determined based on the
obtained enthalpy results [27). The RE. CW, COP are determaned
using Eqs(1-3) [28].Where: h; = enthalpy at the compressor inlet,

13

h; = Enthalpy at the pe outlet, and h; is enthalpy at the
Evaporator inlet.
RE-hl‘h‘ ‘l)
CW=h;~k 2)
RE  hl- A4
COP‘—W 3)

3 Results and Discussion

Thas study examines the performance of WAC for utilization as
a desalination tool with four vanables: CC, WV, CV, and SV. Fig.
5 shows the data collection process. At ponts | to 4, data of Pi, Ty,
Py, Ta. P, T, Py, and T, are collected sequentially. The dagital scale
at point 5 &5 used to measure the mass of water in the evaporation

Fig. 5. WAC as a desalimation 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 mput data in the form of pressure and
temperature at each point: Py, Ty, Py, Ty, Po, Ty, Py, and Ty The

average evap exit air for each vanable is 17.8°C,
18.6°C, I8.7°C, and 18.9°C, resp ely. M hile. the
& exit air 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 cakoulated, inchuding the
RE, CW, and COP values.

RaoA

Closed Contarwr == Withaet Varwx Covsected Vones - Separasad Vomen

-
\

/
o

e o [ o .
Eathalps Aulihg)

Fig. 6. P-h diagram for R410A with a closed contaner, without

vortex, connected vortex, and separated vortex

In a refrigeration system, efficiency = crucial to conssder. One
concept that plays a role m measunng the efficsency of a
refngeration system is the RE, which is the amount of heat absorbed
by the refrigerant i the evaporator for each unit mass of ceoling,
which occurs m the process from 4 to 1 [29], [30]. By calculating
using Eq. 1, the RE of R410A for vanous CC, WV, CV. and SV
vanables in the desalmati is shown m Fig. 7. The results
show a decrease in RE: llowamfngammcﬁmcmlomm?
[31]. The latent heat of vaponzation m the Air Condstsoning (AC)
system comes from the evaporation of refngerant [32]. The closed
container of R410A has the highest RE value. The high RE value is
due to the latent beat of vaporzation [33] and high enthalpy

container to determine the decrease in mass due to evaporation. The d to the other vanable, R410A. As a result, the desalmation
seawater in the main contxiner was heated by a d using  closed RAI0A yrelds better cooling
controlled by a thermostat to maintai b S55. cnpomy than the other vanable, R410A.

60°C. ml‘ucoll«tedc\'aySmmmfotsboun The system

performance 1s greatly affected by the evaporatioa rate, which
mmpacts the COP value of the WAC. In addition. this process

demonstrates bow the i of vortex g can improve
desalination efficiency.
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Fig. 7. Refrigeration effect and compression work with closed
container, withowl voriex, connected vortex, and scparated vortex.

Meanwhile, the OW of R4 10A for vanous varmbles, the CW
value in the figure is calculated using Eq.Z. Unbke RE, CW has a
constant increase. This s due 1o the incresse in compressor
pressure, the refrgerant temperature [34], amd enthalpy. An
mcrease m refrigerant pressure can increase compressor work., thus
decreasing the COP value [35]. CW of the closed contxiner R4104
15 lower tham that of the oiber variable R410A. This mdicates that
the RAI0A refrigeramt in the sealed comtamer has a lower
temperature, 5o the compressor workload = lighter | 36).

The COF is caboculated using Eq. 3, and Fig. B shows that the
COF value decreases as the evaporation mcreases. The use of a
voriex increases the evaporation rmate and efficeency m the
desalination unit, resulting in faster evaporation |37], [38]. CV and
SV have different geometry so it can affect the chamclenstics of
amrflow. CV has fewer and conpected, while SV with mone
scparaied mumbers produces better evaporation and inoreased
effectiveness [39].

mEvaporation ® @COP

i
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Fag. 8. Evaporaton and COP with closed contamer, without voriex,
connecbed voriex, and sepamted vortex.

On the other hand. an increase i refrigerant in the refrigeration
machine can lead to an imcrease 1o lemperature m the condenser,
which reg greater comp elfort [40]. The condenser
located mside the mam contmer belps to heat the water and
mcrease evaporaison as the temperature nses. The moreased
evaporation temperature from the conderser = then transferred 1o
the evaporator through a steam funnel designed to direct the
mecoming air o the evaporsior. The CC 15 secured wath plates o
prevent evaporation in the condenser from affecting the temperature
of the air entering the evaporaior. This causes a high refrigeration
effiect and reduces compression work, resulting in 2n optimal COP.

4 Conclusion
This study demsonstrates that incorporsting a vortex generaior
mte 3 modified WAC significantly impacts scawater evaporation

rales in desalmation. The 5V configuration produced the highest
evaporaison mte (5.00 kg) but reduced system efficsency by
increasing compressor workload, leading to a bower COP (3.91).
Conversely, the OC condihon achieved the highest COP (5.08) by
minimizmng beat loss amd stabilonng air temperature entermg the
cvaporalor. These findings highlight the trade-off between
‘evaporaison enhancement and system efficiency.

Future  research  should explore  altermabive  voriex
configurations, large scale testing, and environmental variations to
optimore WAC-based desalination systems.

Acknowledgment

The author would like 0 express sincere gratitude for the m-
kind suppori provided by the Renewable Energy Research Group at
FTII UHAMEKA.

References

[1] P Martimez, ). Ruir, C. G. Cutillas, P. ). Martinez, A. 5.
Kaiser, and M. Lucas, “Expenmental study om energy
performance of a split aw-conditioner by wsmg vaniable
thackness evaporative coohng pads coupled o the condenser,™
Appl. Therm. Eng., vol 105, pp. MEL-1030, 2016, do:
101016 applibermaleng. 2016.00 .067.

[2] M. H. Alhamdo, M. A. Theeb, and J. ]. Abdulbameed, “Using
evaparative cosling methods for improving performance of an
Aur-conled Condenser,” Unavers. ). Mech. Eng., vol. 3. no. 3,
pp- W10, 2015, doa: 10013 1B ugme. 200 503020

[3] K. Harby, D. B. Gebaly, M. 5. Koura, and M. 5. Hassan,
“Performance improvement of vapor compression cooling
syslems using evaportive condenser: An overview.,” Renew.
Sustain. Energy Rev., wol. 58, pp. 347-360, 2016, do:
T I016grser. 2015, 12,313,

[4] N.D. Purnama, T. I'. Pramudanioro, and A, Badanafin, “Kan
eksperimental perbandingan performansi ac split sebelum dan
sesudah permnanfaatan panas buamg kondenser untuk alat
penetas telur,” Pros. Ind. Bes. Work. MNatl. Semin, vol. 15, no.
1, pp. 64-70, 2024, doiz 10.353 ] ¥irems.v 1 5116242,

[5] ™. L lbrahim, A. A Al-Famyedhi, and P. Gandhsdasan,
“Experimental investigation of a vapor compression system
with condenser air pre-conlmg by condensate,” Appl. Therm.
Eng.. wol 100, pp 1255-1263, 2017, do:
11016 applibermaleng. 201 6,09, 042,

[&] M. W. Akram, B. Mursalin, M. M. Hazsan, M. B. Islam, and
5. K. Choudhury, “recycling of condersed water from an air
conditioning unil,” m International Conlerence an Computer,
Commumication, Chemocal, Matenal and Electromic
Engineenng, ICAMEL. 1EEE, 2008, pp. 1-5  dou:
101 ISACEMET NHE B465612.

|7] A. Gross amd E. Park, “Water and waslewaler treatment
worldwide: The industry and the markel for equipment and
chemicals,” Bus. Econ., vol. 53, no. 2, pp. 3747, 2008, doa:
TIDST/s 11 36501 8-(68-1.

[8] D Mugisids, A Fayar, and H. Oktarina, “Penmgkatan efisiensi
dan efekbivitas kondensor pada solar siall.” 1. Teknosnns, val.
12, no. 1, pp. 19-31, 2022

[%] 1. ). Messakh, A Sabar, I. K. Hadibardaya, and A. A. Chalik,
“A study on fulfillment of drnking water need of people m
semi-arid arcas i Indonesia,” J. Mos. dan Lingkung,, vol. 22,
no. 3, pp. 271-280, 2015,

[10] A. A. Ragetmvara and H. 5 Tiah, “Studi kemampuan
desalinas air laul menggunakan sistem sea waler reverss
osmoss (swro) pada kapal pesiar,” J. Tek. ITS, vol. 10, po. 2,
pp. 6875, 21, doi- 10.12962523373539.v [ (h2.63933.

[11] L. A Yoshs and 1. M. Widiasa, “Prosiding semmar nasional
teknik kimia ‘kejuangan” sisbem desalinasi membran reverse
omnoss (RO) untuk penyvediaan arr bersih,” in Prosiding
Semimar Masional Tekmk Eimia “Kejuangan,™ 2006, pp. 1-7T.

Disserminating Information on the Research of Mechamcal Engimeening - Jurnal Polimesm Volume 23, No. 1, February 2025 41



[12] B. Shen and B. Frcke, “Development of hagh efficiency
wimdow air condsxoner usng p unider limned charge.™
Appl. Therm. Enmg., wol. 166, p. 114662, 2030, dox
101016 applthermaleng 2019.1 14662

[13] A. E. Kabeel, M. Abdelgmed and £ M. Omara,
“Experimentally evaluation of split air condstboner integrated
with humidification-dehumidification desalination unnt for
better thermal comfort, produce freshwater, and energy
saving,” J. Therm. Anal. Calonm., vol. 147, oo &, pp. 4197
4207, 2022, doi: 10L1007/s10%73-021-10810-6.

[14] M. Abdelgaied, A. E. Kabeel, and ¥. Fakana, “Performance
improvement of desccant am conditioner coupled with
humidification- dehumidificaton desalination unit using solkar
reheating of regeneration am,” Energy Convers. Manag., vol.
198, p. 111808, 200%, doi- 10.1016') enconman. 201 9.1 11808,

[15] A. E. Kabeel, M. Abdelgased, and ¥. Zakana, “Performance
evaluation of a solar energy assisted hybnd desiccant as
condisoner integrated with HDH desalination  system.”
Enmergy Convers. Manag., vol. 150, pp. 382-3%1, 2017, doi:
101016 enconman_ 2017 08032,

[16] P. Dala, P. Manda, C. Mund, [}. Mishra, and A Gupta, “An
experimental study on water harvesting from a modified
wmdew air-corlibener,” Energy Procedia, vel. 109, pp. 253
260, 2017, doa: 10,1016 egypro.2017.03.058.

[17] D Mugisidi and ©. Herryani, “Improving the performance of
a farced-fow desalination uml usmg a vortex genertor,” CFD
Let. , wol 16, no. 10, pp. B1-93, 2024, doc
1037954 cfdl. 16 10,8193,

[18] A M. Shmroukh. A. A. Serageldin, A. Abdal-hay, A. Eleedy,
and A. Radwan, “Application of mew semes connection
scheme of vortex tabes in seawater desalination unit using
new vortex generators,” SN Appl. Sci., vol. 3, pp. 1-13, 2021,
doiz L1074 245200 104 205-3.

[19] O Herivani, M. Djaeni, Syaiful, and A. K. Putri, “Perforated
comcave rectangular winglet pamr vortex generators enhance
the heat transfer of air (lowing through heated tubes inside a
channel,”™ Results Emg, vol 16, pp. 1-15, 2022, dor-
101016 nneng 2022 10705,

[20] 1. Williams, “Desalinabbon m the 215t Century: A Cntical
Review of Trends and Debates” Water Allern., vol. 15, no. 2,
pp. 193-217, 2022

[21] Wedodo, F. Rachmanu, and A. I Tauvana, “analyss af
savings on glectnicity consumption in room ar conditionmg
by using rl 270 (propylene) refrigerant instead of B32 capacity
of 13,000 Biwh,” J. Phys. Conf. Ser., vol. 1477, oo 5, pp. 1-
@, 2020, doa: 100 108K TAZ-6596/ 1477/ 5053035,

[22] L G. A. Megam 2t al., “Real-ime thermodynamic monitonng
of sphit inverter ACs: a microcontroller-driven investigation of
performance,” 1. Polimesin, vol. 22, no. 2, pp. 199-205, 2024,

[23] R. Werangga, D). Mug=ids, A T. Sayute, and O. Heriyans, “The
impact of wind speed on the rate of waber evapombion m a
desalmation chamber,™ 1. Adv. Res. Flnd Mech. Therm. Sci,
vol W, @ 1. pp 3950, 2023, doc
1037934 arfmes. 106, 1. 3950,

[24] E. W. Lemmon, I. H. Bell, M. L. Huber, and M. 0. McLinden,
“NIST Standard reference dalsbase 23: reference fluid
thermedymamic and transport propertses-REFPROP, verson
1000, Matsonz] Institute of Standards and Technology.”

[25] M. L. Huber, E. W. Lemmson, L H. Bell, and M. 0. McLinden,
“The MIST REFPROP database for highly accurate properties
of industrially impoctant flusds” Ind. Eng. Chem. Res., vol.
6, mo. 42, pp. 1544815472, N2, doc
10102 1 fscsaecr. 2c01427.

[26) Widodo, B. Fajar, T. Suryo. and Winowo, “Simulation of
mixing symhetic with hydrocarbons refngemnt to reduce the
value of glebal warming potential with refprop software.” 1
Phys. Conf. Ser, vol. 1764, no. 1, pp. 1-6, 2021, dioi
101088/ 1742 -6596/1 76410121 58,

[27] M. E. Pugianto and A. Mugrohe, “Performance air conditioner
on retrafitted refrigerant h .7 1. Polimesin, val. 72,
oo 1, pp. 15-18, 2024, doa: 1010631 S0MU962.

[28] K. Sumera, M. Arman, I Wellhd, L. M. Simbolon, A.
Setyawan, and M. F. bin Sukn, “Investigation of automotive
air condstioning wsing eco-fnendly Rblda as an altemative
refrigerant to R134a.” J. Polmesin, vol. 22, no. 1, pp. 35-349,
2024, dov: VR30E11Gplv2 il 4463,

[29] R K. Sahu, Vimay, and A. Das, “Refngerting effect produced
by engime exhaust heat,” Adv, Fliod Therm. Eng.. pp. 489-
498, 2019, dov: 101 00T/9TE-¥8]=13-64156-T_45.

[30] 1. M. Ardita and 1. P. 5. Negara, “Pengaruh heat recovery pada
sisiem refrigerasi pengkondisian udar terhadap performansi
sistemn.” 1. Log., vol. 16, no. 3, pp. 199-203, 2016,

[31] W. Widedo, B. F. T. Kiono, 5. H. Winoto, and M. 5. K. T. 5.
Utome, *“A simulation of R32 refrigerant mixing with RI1270
to reduce GWP R410A on wall mounted arr conditioning.™
10F Publ., vol. 1048, no. 6, pp. 1-7, 2021, doa: 10.1088/1757-
E0ox 1R E062111.

[32] G. Fekadu and 5. Subudhi, “Renewable energy for ligusd
desiccants air conditioning  system: A review,” Remew.
Sustain. Epergy Rev.. vol. 93, pp. 364-379, 2018, dod
10,101 &f.reer. 201 8.05.016.

[33] ¥. Sun, J. Wang, and ¥. Hu, “Effect of refrigerant/onl
solubility on thermodynamic performance of the evaportor
working with Rélla and IME,” J. Chem. Thermodyn., vol.
154, pp. 1-8, B0Z1, doo- 100016/ ot 2020 16331

[34] 5. M. Moosansz and X. Zheng, “Performance improvement of
a high pressure ratio ceminifugal compressor by miegrated
cooling,” Proc. Inst. Mech. Eng. Part G J. Acrosp. Eng., vol.
30, w12, pp.  2233-2240, 25,  dod
101 177/09544 1001 5622964,

[35] Widedo, B. F. T. Kono, 5. H. Winoto, and T. 5. Utomso,
“Performance amalysz of wmg  hydrocatbon mized
refrigerant r32-12%) as an alternative 1o B4 104 m reducing the
GWP value of housebold split arr conditioners,” J. Adv. Res.
Flusd Mech. Therm. Sci., vol. 107, no. 2, pp. 103-1 16, 2023,
doa: 1037934 arfmes 107.2.1031 16,

[36] A. Setyawan, “Enhancing air condstioner efficiency through
evaparative cooling of the compressor: field test results,” Int
I. Heat Techmol., vol. 42, noe. 3, pp. 10731080, 2024, doa:
101 E2E0 yht 420334

[37] O. Herivani, M. Djseni, and Syaifil, ~Thermal-bydraulic
performance analysis by means of rectangular winglet vortex
generators m a channel: An Experimental Study.” Eur. J. Eng.
Technol. Res., vol. 6, mo. 3, pp. 150-153, 2021, doa:
102401 B'ejers. 2021 .6.3.2424.

[38] M. A. Saad, A. E. Tourab, M. H. Salem. and A. Ismail,
“Multifaceted analytical and computstonal fluid dynamics
mvestigations of vortex tube technology for the optmization
of seawater desalination efficiency,” Resulls Eng., vol. 25, pp.
1-12, 2025, doa- 101006/ rineng 202 5.1 (004,

[39] D Mugisidi, 0. Hervam, P. H. Gunawan, and . Apniam,
“Performance improvement of a forced dranght coolng tower
using a voriex generstor,” CFDY Lett, wol. 13, no. 1, pp. 45~
57, 2021, dod: 10.37934/cidl 131 4557,

[40] A. I Rifa’i and Movarini, “pengansh tekanan refngeran r-1 3da
terhadap nilai coefficient of (COPFL" 1. Inov..
voed. 1, me. L, pp. 1-5, 2018, doa: 1037338 v312. 1 26

Disseminating Information on the Research of Mechanical Engmeening - Jamal Polimesm Volume 23, Mo. 1, February 2025 42



TURNITIN:

] turnitin

Layanan Perpustakaan UHAMKA

Fuge 1ol 9 - Cowar Pagm

Submimion 10 i = 13170720

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

B 1o
£3 Fakuitas Telnologi Industn dan informatika

'& Universitas Mwshammadeyah Prof. Br. Hamka

Document Details

Subrmisdon I

trniaids 1 3 TRES T2

Subrmision Date

Mefar 2 PODS, 1208 PM GEIT+T

Drowerbaad Date

Meflar 5 OGS, 2034 Pl GMT=T

Fike Maifia

E110- 18310 1-FE. gl

File Sice
S840 KB

A1 turnitin

Fage 1of 9 - Cower Fage

2k SEE Characrers

Subrmimicn 10 oot = 13T I0ES TR



Plturnitin - reom2ota- gy cvenew

15% Overall Similarity

The combined tatal of all marches, Inchading ovaelapping sources, for sach databuse

Filtered from the Report
* Bkliography

Exclusions
* % Excluded Matchws

Match Groups
@ 4 NorCited or Quoted 15%
Matches wilh NaIie in-Lext CRISON NO! QuOtation marks

@ 0 Missing Quotations 0%

Mazches that are sl very Smilar 10 source material

= 0 Missing Citation 0%
Manches that have Quotation marks, but N0 in-text GLaton

® 0 Cied and Quotsd 0%
Matchis with in-Tast CTation present, But N0 QuUOLItON Marks

Integrity Flags
© Integrity Flags fer Review

NO Suspitions test manipdations found.

F‘]tufnl“n Page 2 of 9 - Irnegrity Dverview

10 treokt =13
Top Sources
13% @ weemetsources
s% WA Publicatens
% L Submited works (Student Papers)
Our > > .
sevemize. 1 G racge. we fag
1 for yuu 1o rewiew.
lin e L
10 trrvoet =




Hturn M Fege 3ol 9. Inomgrity Dvrview

Match Groups

.. 41 Mot Cited or Guated 15%

Manchics with netFsa in-= cRaton nor guotation mnarks

@ 0 Missing Quotations %

Matches that ane still vary Similar to source matarial

= 0 Missing Chiation 0%

Matches (hal have Guetation marks, bul no in-bess dtation

# 0 Cied and Quotied 0%

Manchis with in-Dask dlation present, but no guetaton marks

Top Sources

Submimion 10 i - 1A G20

Top Sources

13 @ desemar sources
5% M Publicaons
¥ L submined werks [Sudant Papars)

Thi scurces with t highest number of matches within thi submissien. Ovafapping sources will not B displayed.

® -

repository uhamiba. s id TH
o -

e-jurnal.pnl.ac.id %
ﬂ Bl vt

wearwi. researchgabe net 1%
Q@ o

docplayer.fi <1%
° Srudent papers

University of Salford 1%
a Stussant papirs

University of Witwatersrand <1%
@D -

lieta.org <1%
P robun

Man Wang, Dongxuan Wang, Jungang Dong, Haitao Wang, Renliang Wang, Limin . <1%
G Pubzation

W Widodo, B F T Kiono, 5 H'Winoto, M 5 K T5 Utomo. “A simulation of R32 refriger... =18

Bipul Krishna Saha, Bazab Chakraborty, joydip Mondal, Apostolos Pesyridis, El Mo, <1%

PIAUPAILIN  Page 3 ofa- tromgety cvaren

Submimicon 10 tmogid: = 1 ATIIGEA TN



H TUrNitin e o gty Do

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

GMM

1P % Megara, 1 M Arsawan. “The analysis of cooling system working performance ...

etj.uotechnology.edu.ig

Qo -

wearw. ieliti.com

Ehab 5. &li, Ramy H. Mohammed, Ahmed Askalany. “A daily freshwater produwctia...

S TESbea-f579-4bab-9955- 70361 52cefT 1 filesusr_com

catalog.lib kyushu-uacjp

@ -

docs.lib.purdue. edu

whrw. mdpi.com

Hturnltln Fugm 4 of 9 - Inbagrity Dvwrview

=%

=1%

=%

=1%

=1%

=1%

=1%

=1%

=1%

=%

1%

Submimion 10 i - 1A G20

Submimicon 10 tmogid: = 1 ATIIGEA TN



- - February

e55M : 7549-1999 Mo, E
116935462  Volume 23 Year 2025

pHSSN

Prscessing dates: recerved om 2024-11-23, reviewod on 2025-01-
2d, sceepled on 2025-02-23 and onling avalabilsy om 2025-02-28
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Absirmct

The growing demand for asr condibonmg systems has driven
research  imlo allermative  apphbeations, such  as  seawater
alination. Thas study evaluaies the performance of a modified
Window Arr Condibioner (WALC) mlegrated with a vorlex
generator for desalmation. Experiments were conducted using
R410A refrgerant under fouwr conditions: Closed Container (CC),
Withowtl Vortex (WY, Coonecled YVortex (CY), and Separated
Vortex (SV). Seawaler was heated via the condenser o 55-607C,
controlled by a thermostal, and data was collected every five
munules over eight hours. The thermodynamic properbes of
4104 were analysed using Refprop™ software to determme the
Refnigeration  Effect (RE), Compressson Work (CW). and
E)Coeificient of Performance (COP). Resulls indicate that the 5V
configurtion achieved the highest evaportion mte (5.01 kg) but
n.ad toa lower COF (391 ) due o increased condenser lemperatune
and compressor workload. Conversely, COC yielded the highest
COP (5.08) by stabilizang the evaportor asr temperature and
ucing compressor efforl. These findings suggest thal voriex
peneralors  enhance  evaporabion rates bul  reduce  syslem
':!'!"ll.'l.-ml.-_\'. Further research i needed to optimize vartex generator

configurations 0 improve  desalination  efficiency  while
ing COP reduction.
&nm:
Window air  conditioner, vorlex genersior,  desalmation,
@{zfprup“", COoP
1 Introaduction

Alvng with the improvement of the quality of life and the need

for comfor, the use of ar condibonmg systems 15 increasing m
daly hfe [1], [2}. Asr conditioning systems also bhelp remove
muasture and airborne partscles from the room [3]. Therefore, the

se of wir conditoners s no longer just part of a hiestyle but mther
aims 1o provide comfort when moving or doing activities indoars
._-l'l]. UOmne of the most common Lypes is the Window Air Conditioner
{WAC), which uses a vapor compression cycle 1o lake heat from
the asr inside and expel it sutside through condensmtion [5]. This

Ity dsposed of as waste but can be used
1o make clean water under certam conditions [§]. The high demand
fior clean water arpund the workd, az well ax environmental iswes
such = drought and limited avalability of clean waler resources,
¢ major challenges that need 1o be addressed [7], [B], [#]. The use
of a modafied WAL as a desalination device is an option 1o consider.
This modification allows the WAC o function as both an air
conditionsng unit amd a systemn o separale salt from saltwater.

[zl walber 1s
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] turnitin
0 O

Evalustmg the performance of the “‘%Hlﬂﬂﬂ ation devipe is
essenbial bo ensure the effectiveness 15 syslem 10 removing salt
fram seawaier.

Desalination systems, such az reverse osmosis (RO}, are
currently available [10]. However, such technologies consume
much energy [11], especially on a large scale, making it melTicsent
for households or places with Limsted energy resources. On the other
hand, WAL 15 a device that s widely used in many bomes [12] and
operales according W the principles that allow it 1o be used in
desalination processes. The main problem 15 how 1o modify the
WAL withow compromsing its cooling efficiency and ensuring
optimal system performance during s switch 10 desalimaton
function.

Research om the use of air condiboning for desalination
processes. s still in its infancy. Some of the research that has been
conducted includes the integration of a split &ir condioning system
with a Humdificabion-Debumadi fication { HDH ) desalnabion wmit
ulilzzing solar energy, the ublization of solar heating ko improve the
performance of a bybmnd desiocant arr conditioning system coupled
with an HDH desalinatson unil, numencal analysas of a hybeid ar
conditioning system supported by solar energy and imtegrated wath
an HDOH desalination system, and modified window air condstioner
Lo produce potable water through bumidificabon-debumadi ficatson
desalination process [13], [14], [15]. [16]. These experiments show
that combinmg an air conditioning syslem with a desalinabson unil
can produce clean water. Nevertheless, these stdses have nod
investigated the impact of vorkex generstors on desalination
ellectiveness, particularly in enhancing the evaporation mte.
Multiple stuches have mvesbpgated the application of vorlex
generators in desalination to enhance the evaporation rate [17],
[18], gaven that voriex generators influence the convecton heat
transfer coefTicsent [19]. Previous research has nol examined the
performance of WAC modified with a vorlex generator as a
desalination lool against seawaler evaporation. Desalimation isell
15 the process of zeparating sall and minerals from seawater 1o
produce freshwater [3]. Cooling sysiem performance can be
determined by assssmng  the Refngembion  Effect (RE),
Compression Work (CW), and Coefficient of Performance (COP)
[21].

Therelore, this study aims 1o determine the performance of the
modified WAC as a desalinabon devece agamsl seawater
evaporation. This rescarch has analysed the impact of variows tesied
variahles on the evaporabion of seawaler al a grven lemperature. The
desalination mechamsm focuses on the evaparason process, where
seawaler is evaporated using the modified WAC. The performance
asseszment of this syslem wses the parnmeters RE, CW, and COP,
which are the main indscalors m asessmg the ability of the device
as a desalinalion system. [t s hoped that thes research can provide a
deep insighl e the potential of WAC modification te produce a
maore effective and efficient desalination system.

1 Method

This stady used 2 WAL 1o compare ils performance s a
desalimation device. The experimental setup vsed mn ths study 1=
presented m Frg. 1. The working Nuid of the air condstioning system
15 R410A refngerant [22] with the specifications shown in Table 1.
Thas rescarch was conducted al the Mechanical Engineering
Laboratory, Faculty of Industrial Technelogy and Informatscs,
Universstas Muhammadiyah Prol. Dr. Hamka. In addinon, the
measuremend oels used are hsted 1o Table 2. Tests on the wialzeabion
of WAL as a desalmation tool were carmied out with vanables of
Closed Contamer (OC), Withowt Yortex (W), Connecled YVorlex
(CW), and Separate Vortex (SV)(Fag 2

Refprop™ softwane version 10020009 is used to determine the
properties of the refnigerant al enthalpy al each point based on the
cooling system performance dala by analyaimg the ssluration
pressure, temperature, enthalpy, entropy, and density of the
refngerant [24], [25]. Syslem performance s analyzed using
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alcuhhuns on R410A
mlmwh “The effectiveness of an
air conditioner is evaluated by determming the refrnigeration effect,
which 1s the difference m refngerant enthalpy between the
evaporator’s infet and outlet, and the compression work. which 15
the enthalpy dilterence between the compressor’s outlet and mbet.
@b values of RE, CW, and Coefficient of COP are determined
based on the obtained enthalpy results [27].

PeTe ™ Stoarn Yol

Variable Location
monoas i

WAL mm

Contpiom

Fag. 1. Expenmental setup
Table |. Refngerabon unit specifications
Dimensi

Evaparatiss

ification
Model WAC Uchida MP - WIM
Voltage 1 Fase 220V - 50 Hz
PK Power 1 PK
Cooling Capacity 8600 BTUh
Electrical power S40W
Carrent 40A
EER 10.0! BTURW
Refrigerant R410A 360g
Size 500345465 mm
Table 2. Measurement tooks
Tools Function Specification
Thermostat XH-W3001 Water semperatare <50°C <110°C, 20.1°C.
Digital th Temp S0C A 0°C, 20.1°C.
Manifold Gauge Pressure 0 - 500 psi, 5 psi
W:«bso&; Water Mass 0 30 kg, 0.005 kg

° In this expenment, the scawater m the evaporabion conlamer is
transferred 1o the control container via 2 pamp. This step aims to
deliver the water to the maim contamner, where it will be heated using

a ! until the temp e reaches about 55-60°C, which 1s
gulated by a th As the water evaporates, the resulting

vapor is directed upwards through the steam funnel before finally

entenng the evaporator,

The main container has an overflow mechamssm that delivers water

1o the evap to the P in the

range of 55-60°C. In add the | 15 also equipped

with an overflow system for the evaporatson container to ensure the
watter level supue stable. This system allows the control container’s
water level to remain constant whale the evaporation contamner’s
water level drops due to the evaporation process [23]. The
‘vapmuou rale was determined by the mass of waler in the
evaporabioa container, which was measured with a digital scale to
confirm the amount of water lost owing to evaporation. In Fig. 1
8{». was collected at Py, Ty, P, Ta, Ps, T, Py, Te, Te. Tg, T2. Where
Ty the inlet p mp Py, T; 1s the
compressor outlet pressure, usqm-m Py T; is the expansion
inlet pressure, temperature, Py, Ts = the outlet p
etﬂlpﬂ'ﬂhl'!. T+ 1s the cond P T6 1s the

outlet ar

e o

¢, and the

Fow&mv Irtegrey Sotrmasen
on the R, h of Mechanical E

vanable location 1s used for a closed m'umqub\' mmh‘c on

top of the contaimer, a contamner without vortex, voriex connected,
and vortex separated. Figs 3-4 shows the vortex used m this study.

(b) Without vortex (WV) location

(¢} Connected vortex (CV) location

(d) Secparated vortex (SV) location
Fig. 2. Vanable locaticn

Sctrrvmsion 1D tmooet = 1:37 70065729
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Fig. 3. Connected vortex (CV)

Fig. 4. Scpurl:d vortex (SV)
o Refprop™ soflware version 10.0.0.9b is used to determine the
properties of the refrigerant at enthalpy ot each point based on the

g system  perfe data by analyzing the saturation
P e, lemp halpy, entropy, and demsity of the
refngerant [24), [25). System performance is analysed using
7 e and temp btamned through calcul on R410A
refrigerant using Refprop™ software [26). The effectiveness of an
air conditioner is evaluated by determming the refngeration effect,
which 1s the difference m refrigerant enthalpy between the
evaporator’s mlet and outlet, and the compression work. which 15
the enthalpy difference between the compressor's outlet and mbet.
The values of RE, CW, and COP arc determined based on the
oblained enthalpy results [27). The RE, CW, COP are determined

©sing Eqgs(1-3) [28) Where: hy i enthalpy at the compressor inlet,
h; 15 Enthalpy at the compressor outlet, and by is enthalpy at the
Evaporator mnlet.

RE = ity — s (1)
D W-ki-h 2)
Cm'-i Al- hé (3)

W  hz-m1

a Results and Discussion
This study examenes the performance of WAC for utilization as
2 desalination tool with four vanables: CC, WV, CV, and SV. Fig.
shows the data collecton process. At pomnts | to 4, data of P, T,
Tx. | 3% T). Pq. and T‘ are collected !thlﬂll“y. The dlslhl scale
pomnt S 15 used o measure the mass of water m the evaporation
container o determune the decrease in mass due to evap

Fig. 5. WAC as a desalination devices

Fig. 6 shows the pressurc-enthalpy (P-h) diagram for R410A
refrigerant at various vanables, namely CC, WV, CV., and SV. The
enthalpy values are oblamed from the calculation results wsing
Refprop™ software, with input data m the form of pressure and
temperature at cach poin!: P, Tl, Ps, Ts. Py, Ty, Py, and Ty The
average evap exit asr temp for each variable 1s 17.8°C,
18.6°C, 18.7°C. and 18.9°C, respectively. Meanwhile, the

d exit air temp were 55.7°C, 56.3°C, 56.9°C, and
57.1°C, respectively. Based on the enthalpy values obtamed, the
performance of the WAC system can be calculated, including the
RE, CW, and COP values.

Ré10A

Chosd Contamy —=Withrst Vorex  Connactsd Ventes < Separsd Vit

Pressure (Prie)
\\
N\
- \
N

e
.o 208 - .o 004

Eathalpy (ki)
Fig. 6. P-h diagram for R410A with a closed contamer, withowt
vortex, connected vortex, and separated vortex

In a refrigeration system, efficiency 1s crucial to consider. One
concept that plays a role in measuning the efficiency of a
refngeration sysiem 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 1 1 [29), [30]. By calculating
using Eq. 1. the RE of R410A for various CC, WV, CV, and SV

1ables in the desali 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 m the Air Condstioning (AC)
system comes from the evaporation of refrigerant [32]. The closed
container of R410A has the highest RE value. The high RE value is
duc to the atent heat of vaporzation [33] and high enthalpy

pared to the other vanable, R410A. As a result, the desalinatson

scawater in the main contaner was heated by a condenser

"‘bya" dat to i a P ¢ bety 55.
60°C. Data was collected every S minutes for 8 hours. The system
performance 1s greatly affected by the evap mate, whach
impacts the COP value of the WAC. In addition, this process

demonstrates how the of vortex g can mprove
desalination efficeency.

FJ fUrNItin  Page 7ot 9- intwgrry Scbmasen
Dibimating | 4

process using closed-container R410A yields better cooling
capacity than the other vanable, R410A.
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Fig. 7. Refrigeration effect and compression work with closed
conlainer, withoul vortex, comnecled voriex, and s=parated vorbex.

Meanwhile, the CW of R4 104 for varnous vanables, the CW
valwe m the figure 15 calculsted using Eg 2. Unlike RE, CW has a
constand increase. This 1= due 1o the mcrease in compressor
pressure, the refrigerant wemperature [34]), and enthalpy. An
increase in refrigeran] pressure can increase compressor work, thus
decreasmg the COP value [35]. CW of the closed container B4 104
15 lower than that of the other vanable R410A. This idicates that
the R410A refigerant m the scaled contamer has a lower
lemperature, so the compressor workload is highter [36].

The COP is calculated using Eg. 3. and Fig. B shows thal the
'.‘DP value decreases as the evaporabon increases. The us of &
vorlkex imcreases the evaporaion rate and efficiency im the
desalination unil, resulting in faster evaporaton [37], [38]. CV and
5V have different geometry so 11 can alfect the chamctenstics of
airflow. CV has fewer and conpected. while 5V with morne
separaled numbers produces better evaporaton and  increased
elfectiveness [39].

B Evaporation = @ (0P
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o nso
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I"'ig. 5. Evaporatyon and OO0 with closed contamer, without vorbex.,
connected voriex, and zpm.lnd varlex.
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On the other hand, an merease i refnigerant in the refngeration
machine can lead 1o an increase in temperature m the condenser,
which requmes grealer compression effort [40). The condenser
located inside the main contamer helps 1o bheat the waler and
increase evaporation as the lemperature rises. The increased
evaporabion lemperalure from the condenser 15 then imnsfered o
the evaporator through a steam funnel designed o dmect the
incoming air 1o the evaporator. The CC is secured with plates 1

‘enl evaporation in the condenser from allecting the lemperature
of the arr entering the evaporator. This causes a hagh refngeration
elfect and reduces compression work, resulting m an optmmal COF.

4 Conclusion
This dudy demonstrates thal incorporaling a vortex generbor
inlo o madified WAC sagnificantly mmpacts sawaler evaporation
m turnltln Fage Bal B- Integrity Sebmimian

rates in desalmation. The SV mnE:an ighest
evaporation mte (5001 kg bu .amsy:l.ﬂu elficiency by
;lll.l:ﬂilla [RETHT T vk ol Inm.l.m!_ e oa luve CDP (3210
Conversely, the CC condition achieved the highest COF (5.08) by
mimmzzing heat loss and stabilizing air temperature entering the
evaporator.  These lindings highlight the trde-off  between
evaporation enhancement and system efficiency.

Future  mesearch  should  explore  allermative  worlex
configurations, large scale testing, and envir I vanations o
optimize WAC-based desalination syslems.
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