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STUDI EKSPERIMEN PERFORMA SISTEM PENDINGIN
ABSORPSI MENGGUNAKAN REFRIGERAN AIR

Kautsar Raihananto
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Yoga, M. T.

ABSTRAK

Sistem pendingin absorpsi merupakan salah satu teknologi pendinginan yang ramah
lingkungan dikarenakan memanfaatkan panas sebagai sumber energi utama dan
menggunakan refrigeran yang tidak merusak lingkungan (environment friendly
refrigerants). Sistem pendingin absorpsi tidak menggunakan komponen kompresor
seperti pada sistem pendingin kompresi uap melainkan menggunakan generator dan
absorber sebagai penggantinya. Dalam penelitian ini refrigeran yang digunakan
adalah H>O (water). Tujuan dari penelitian ini yaitu merancang sistem pendingin
absorpsi untuk diaplikasikan pada kabin kendaraan mobil, serta menganalisis
performanya berdasarkan variasi temperatur generator. Penelitian dilakukan secara
eksperimen dan dianalisis menggunakan bantuan software Engineering Equation
Solver (EES). Hasil penelitian menunjukkan bahwa sistem pendingin absorpsi
menggunakan refrigeran air berhasil dibuat dan berfungsi sebagai sistem pendingin
berbasis panas. Variasi temperatur generator dengan waktu penahanan pemanasan
memengaruhi tekanan keluaran menuju input kondensor, di mana semakin tinggi
temperatur generator menyebabkan peningkatan tekanan sistem. Selain itu,
semakin besar selisih temperatur antara generator dan lingkungan (AT)
menyebabkan peningkatan heat loss, sehingga tidak seluruh energi panas
tersalurkan menuju input kondensor. Nilai Coefficient of Performance (COP) yang
diperoleh berturut-turut pada variasi temperatur generator 70°C, 80°C, dan 90°C
adalah 0,927, 0,906, dan 0,905. Nilai Coefficient of Performance (COP) sistem
pendingin absorpsi menggunakan refrigeran air menurun seiring dengan
peningkatan temperatur generator, hal ini disebabkan oleh meningkatnya kebutuhan

energi panas di dalam generator.

Kata kunci: analisis EES, coefficient of performance, refrigeran air, sistem

pendingin absorpsi, temperatur generator
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EXPERIMENTAL STUDY ON THE PERFORMANCE OF AN
ABSORPTION REFRIGERATION SYSTEM USING WATER AS
REFRIGERAN

Kautsar Raihananto

Advisory Lecturer: Dr. Darwin Rio Budi Syaka, M.T. dan Nugroho Gama
Yoga, M.T.

ABSTRACT

The absorption refrigeration system is recognized as an environmentally friendly
cooling technology because it utilizes heat as the primary energy source and
employs refrigerants that do not contribute to environmental degradation. Unlike
the conventional vapor compression system that relies on a mechanical compressor,
the absorption system replaces this component with a generator and an absorber. In
this research, water (H-O) was used as the working refrigerant. The objective of the
study is to design an absorption refrigeration system suitable for application in
vehicle cabins and to analyze its performance under varying generator
temperatures. The study was conducted experimentally and analyzed using the
Engineering Equation Solver (EES) software. The experimental results
demonstrated that the absorption refrigeration system using water as the refrigerant
was successfully developed and operated effectively as a heat-driven cooling
mechanism. Variations in generator temperature and heating retention time
significantly influenced the output pressure directed toward the condenser inlet,
where higher generator temperatures resulted in increased system pressure.
Moreover, a greater temperature difference between the generator and the
surrounding environment (AT) led to higher heat losses, indicating that not all heat
energy was effectively transferred to the condenser. The Coefficient of Performance
(COP) values obtained at generator temperatures of 70°C, 80°C, and 90°C were
0.927, 0.906, and 0.905, respectively. The decrease in COP with increasing
generator temperature was attributed to the higher thermal energy required within

the generator to sustain the absorption process.

Keywords: absorption refrigeration system, coefficient of performance, EES

analysis, generator temperature, water refrigerant

viil



DAFTAR ISI

LEMBAR PENGESAHAN (1).uuccvinncsicsenssensancsesssecssnssasssessssssssssesssessassssssasessssns i
LEMBAR PENGESAHAN (2).ccccevinicsunssensnssanssessansssnssesssnssassssssssssssssssssssssssassss ii
LEMBAR PERNYATAAN iii
KATA PENGANTAR
ABSTRAK auoiiticiiiineissnissiissnnsaissenssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss vii
ABSTRACT cu.auonaeneerensvinvesnenssensisesssessssssssssesssssssssssssssssssssssssssssssssssssssssssssssess viii
DAFTAR ISL.uucuiiiiiiiiiisuinseiseissecssissessnsssessssssssssnsssssssssssssssssssssesssssssssssssssssssses ix
DAFTAR GAMBAR xi
DAFTAR TABEL xii
BAB I PENDAHULUAN
1.1 Latar BelaKang ........coooooiiiiiiiiiiie e
1.2 Identifikasi Masalah .............cooocoiiiiiiiiiiii e
1.3 Batasan Masalah...........c.coooiiiiiiiiii e
1.4 Perumusan Masalah ...........ccccoocoiiiiiiiiiiniiieieeieeese e
1.5  Tujuan Penelitian.........cceoiiiiiieiieiiiiiieeieesiie ettt enees
1.6 Manfaat Penelitian .............cooeeiieriiiiiiiinieeeieneieeee e
BAB II TINJAUAN PUSTAKA ........uiiuiieinennnncsensesssissanssesssissssssessssssassssssassssssns
2.1 Perpindahan Panas ...........cocooiiiiiiiiiiiiiiiecc e
2.1.1 Perpindahan Panas Konduksi..........c.ccoceeveriiiniiniiniinicnincncieee,
2.1.2 Perpindahan Panas Radiasi .........cccceceviineniiniininiincicccieeeee,
2.1.3 Perpindahan Panas Konveksi.........ccccociiniiiiniininiiniiiiicceee,
2.2 Daya LAStIIK.....oiiiiiieiiie ettt stae e e e
2.3 Kenyamanan Termal ............ccccvvieiiiieiiiieiiieeieeee e
2.4 Sistem Pendingin..........cceeeriieeiiieniieeiiiee e
2.4.1 Sistem Pendingin Kompresi Uap .........ccceeeeiveeiieeniiieeniieceieeenieeens
2.4.2 Sistem Pendingin AbSOTPST ....cccuveeeiiieeiiiiieeiieeie e 10
2.5  Komponen Sistem Pendingin AbSOIpSi........ccccveevieeriieniienieeniienieeieene, 11
2.6  Fluida Kerja Sistem Pendingin AbBSOIPSI .....ccccveeveeeiieriienieeiieeieeieene 14
2.7  Perhitungan Sistem Pendingin ............cccceeiiiniieiieniieeiienie e 16
2.7.1 Keseimbangan Massa dan Energi Pada Sistem Absorpsi .............. 17
2.7.2 Coefficient of Performance (COP).......cccoevvvevciiiecieeeieeeiieeen, 20
2.8 Penelitian-penelitian Terkait ............ccceeriieeiiieeeiiieeiecee e 21

X



BAB III METODOLOGI PENELITIAN 30

3.1 Tempat dan Waktu Penelitian...........ccoeoveviieiieniiinieiieeieeieeeee e, 30
3.2 Alat dan Bahan Penelitian..........ccccoooiiiiiniiiiiiiiiieeeeee e 30
3.2.1 Perangkat Keras (Hardware).............cocceccveeeveeeccieeecieeecieeeieeene 30
32.2 Perangkat Lunak (SOftware)........c.ccccveeevveecieeecieeecieeeieeeee e 31
33 Diagram Alir Penelitian.........cccocvueeeiiieeiiieecieeeeeeee e 32
3.4 Skema Penelitian.........ccccuiiiiiiiniiiiiiienienieee et 34
3.5 Skema Pengujian Penelitian...........c.occveeeiiinieeiiieniiiiienie e 34
3.6 Desain Alat Penelitian ...........ccccevvieveriiiniinienienieneeesiesieee et 35
3.7 Matriks Penelitian ......ccc.oocveruiiriinieniieiiiiieieee e 36
3.8 Teknik Analisis Data ..........ccooiiiiiiiiiiiieieee e 36
BAB IV HASIL DAN PEMBAHASAN 38
4.1 Hasil Pen@UJIaN .......oouiiiiiiiiiiiieiee et 38

4.1.1 Analisis Pengujian Sistem Pendingin Absorpsi Variasi Temperatur
Generator 70 “C...ooeieiieiieeee et 38

4.1.2 Analisis Pengujian Sistem Pendingin Absorpsi Variasi Temperatur
Generator 80 “C....ouiieiieiieee et 44

4.1.3 Analisis Pengujian Sistem Pendingin Absorpsi Variasi Temperatur
GENerator 90 “C...eiiiiieiieieeie ettt 48
4.2 Analisis Variasi Temperatur Generator terhadap COP........................... 53
BAB V PENUTUP 55
5.1 KesmpPulan .........ooviiiiiieieeeeeee e e s 55
5.2 . 1 ¢:, | RN A0V AN NETPRTORTeRRIRe S U 1 WA A SR 56
DAFTAR PUSTAKA 57




DAFTAR GAMBAR

Gambar 2.1 Sistem Pendingin Kompresi Uap ........cccceeeviieeciieecieeciieeceeeeee e 9
Gambar 2.2 Siklus Pendingin ADSOIPSI ....cevuvieeieieeeiiieeiieeeiie e 11
Gambar 2.3 GENETALOT .....ceueeueiriieiieiteeieete ettt ettt sttt et st e st saeesaeeaeeanes 12
Gambar 2.4 ADSOTDET .......ccueiiiriiiieiesiieteete ettt 12
Gambar 2.5 EVAPOTAtOr ...........vieiiiiieiiieecieeecieessieeesiee e sereeereeesaeeesaeeesneeeesseeenns 13
Gambar 2.6 KONAENSOT ....cccuiiiiiiiiiiieiieeee ettt 13
Gambar 2.7 Pipa Kapiler........ccveeiiiiiieiiieiiecieecie ettt s 14
Gambar 2.8 Pompa Sirkulasi ........c.ccceevvieriiiiiiiieeiieiecie ettt 14
Gambar 2.9 Diagram P-h Al .....ccooiiiiiiiiiieece e 16
Gambar 2.10 Skema Aliran Pada Generator .............ccoceeieeiieiiienieeieenieeiieeiee 17
Gambar 2.11 Skema Aliran pada Kondensor............cccceeeverieiiiienieeciieniecieenneens 18
Gambar 2.12 Skema Aliran pada Evaporator............ccocceeeveeriienieenieeiieniecieenneenns 19
Gambar 2.13 Skema Aliran pada AbsSorber..........coccooviiiiiiiiiiiiiiiee 19
Gambar 3.1 Diagram Alir Penelitian.........ccc.coceveriiiniiniiiiniininiciecccicnceeeeen 32
Gambar 3.2 Skema Sistem Pendingin AbSOIPSi......ccceevievierireiienieeiieiiesieenieens 34
Gambar 3.3 Skema Pengujian .............ccciiviieiieiieiiiienie e esiee e eseeereeseeeeree e e 34
Gambar 3.4 Desain Alat Penelitian ...........c.ccooeeiiiiiiiniininiinicccc e 35
Gambar 4.1 Grafik Temperatur T, T2 dan T3 Variasi 70 °C........cccocveveriineenienne. 39
Gambar 4.2 Grafik Temperatur T4, Ts, Ts dan T7 Variasi 70 “C.........c.ccceeeveeenennns 40
Gambar 4.3 Diagram P-h Variasi 70 “C ........cccoooviiiiiiiiiieeiieeee e 42
Gambar 4.4 Grafik Temperatur T1, T2 dan T3 Variasi 80 “C........cccceeeieiiiiiiennen. 44
Gambar 4.5 Grafik Temperatur T4, Ts, Te dan T7 Variasi 80 “C......ccceeevveeiiennnne 45
Gambar 4.6 Diagram P-h Variasi 80 “C .........c..cccoeiiiiiiiiieiieieeeeeeeeeeee e 47
Gambar 4.7 Grafik Temperatur T1, T2 dan T3 Variasi 90 “C.......ccccoeoeiiiiniinnnens 49
Gambar 4.8 Grafik Temperatur T4, Ts, Te dan T7 Variasi 90 °C ........c..cocveveenennee. 50
Gambar 4.9 Diagram P-h Variasi 90 “C .........ccoooiiiiiiiieieee e 52
Gambar 4.10 Variasi Temperatur Generator Terhadap COP ............cccceecvvvenennnee. 53

X1



DAFTAR TABEL

Tabel 2.1 Standar Kenyamanan Termal .............cccooviieeiiiiieiiieeieeee e 8
Tabel 3.1 Matriks Penelitian ..........ccccooeeviiiiiiieeiiie e 36
Tabel 4.1 Hasil Analisis Termodinamika Variasi 70°C .......c..cccceevenieneivienienennne. 41
Tabel 4.2 Hasil Analisis Performa Sistem Pendingin AbSOrpsi .........ccccccveeeveeneenns 43
Tabel 4.3 Hasil Analisis Termodinamika Variasi 80°C ............ccccceevvvieriiieenieeennee. 47
Tabel 4.4 Hasil Analisis Performa Sistem Pendingin Absorpsi .........cccccvveeevveenneee. 48
Tabel 4.5 Hasil Analisis Termodinamika Variasi 90°C ..........cccccoceviiinerienienennnn. 51
Tabel 4.6 Hasil Analisis Performa Sistem Pendingin Absopsi..........cccceeevveveennnnns 53

Xil



