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ANALISIS ALIRAN FLUIDA PADA DYNAMOMETER TEST TIPE
WATER BRAKE MENGGUNAKAN COMPUTATIONAL FLUID
DYNAMICS

Ridwan Setianto

Teknologi Rekayasa Manufaktur, Fakultas Teknik, Universitas Negeri Jakarta

ABSTRAK

Dynamometer test water brake menggunakan fluida sebagai media pembebanan
untuk pengujian performa mesin motor bakar dengan cara mengubah energi
mekanik menjadi energi panas melalui gesekan cairan dalam rofor dan stator.
Penelitian ini bertujuan untuk menganalisis aliran fluida pada dynamometer test
water brake menggunakan simulasi Computational Fluid Dynamics dengan fokus
pada tekanan, kecepatan, dan turbulensi. pada variasi kecepatan rofor sebesar 1500
RPM, 2000 RPM, 2500 RPM, 3000 RPM, dan 3500 RPM, serta debit inlet sebesar
10 I/m, 15 1/m, dan 20 I/m.

Hasil menunjukkan tekanan statis minimum menciptakan efek hisap di sekitar rotor,
sementara tekanan maksimum meningkat dengan kecepatan putaran dan debit inlet.
Tekanan total menunjukkan variasi signifikan pada 2000 RPM dan 3000 RPM
karena resonansi aliran fluida. Kecepatan fluida meningkat tajam pada 3000 RPM
akibat resonansi, kemudian stabil pada kecepatan lebih tinggi. Distribusi turbulensi
menunjukkan stabilitas dengan Turbulent Kinetic Energy yang homogen dan

intensitas turbulensi yang meningkat pada kecepatan dan debit inlet yang lebih
tinggi.
Hasil penelitian ini dapat digunakan untuk mengoptimalkan desain dan operasi

dynamometer test water brake, serta memberikan rekomendasi untuk validasi

eksperimental dan optimasi performa sistem.

Kata kunci: CFD, dynamometer test, kecepatan, tekanan, turbulensi, water brake
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FLUID FLOW ANALYSIS ON WATER BRAKE TYPE
DYNAMOMETER TEST USING COMPUTATIONAL FLUID
DYNAMICS

Ridwan Setianto

Manufacturing Engineering Technology, Faculty of Engineering, State University
of Jakarta

ABSTRACT

The water brake test dynamometer uses fluid as a loading medium for testing the
performance of combustion motor engines by converting mechanical energy into
heat energy through fluid friction in the rotor and stator. This research aims to
analyze fluid flow in the water brake test dynamometer using Computational Fluid
Dynamics simulation with a focus on pressure, velocity, and turbulence. at
variations in rotor speed of 1500 RPM, 2000 RPM, 2500 RPM, 3000 RPM, and
3500 RPM, as well as inlet discharge of 10 I/m, 15 I/m, dan 20 I/m.

Results show the minimum static pressure creates a suction effect around the rotor,
while the maximum pressure increases with rotation speed and inlet discharge. The
total pressure shows significant variations at 2000 RPM and 3000 RPM due to fluid
flow resonance. The fluid velocity increases sharply at 3000 RPM due to resonance,
then stabilizes at higher speeds. The turbulence distribution showed stability with
homogeneous Turbulent Kinetic Energy and increased turbulence intensity at
higher inlet velocity and discharge.

The results of this study can be used to optimize the design and operation of the
water brake test dynamometer, as well as provide recommendations for

experimental validation and system performance optimization.

Keywords: CFD, dynamometer test, velocity, pressure, turbulence, water brake

vii



DAFTAR ISI

LEMBAR PENGESAHAN UJIAN SKRIPSI SARJANA TERAPAN............... i
HALAMAN PENGESAHAN SKRIPSI SARJANA TERAPAN ..........cc.coe ii
LEMBAR PERNYATAAN ... il

LEMBAR PERNYATAAN PERSETUJUAN PUBLIKASI KARYA ILMIAH

UNTUK KEPENTINGAN AKADEMIS .......ccoooiiiiiiiiiic e \4
KATA PENGANTAR ..ottt v
ABSTRAK ... vi
ABSTRACT ... vii
DAFTAR IS ...t et nnees viii
DAFTAR GAMBAR .......coiiiiiiii s xi
DAFTAR TABEL ........ooiiiiiiiiiii et xiii
DAFTAR LAMPIRAN ......oooiiiiiiiii e xiv
BAB I PENDAHULUAN ......cccoiiiiiiiiii s 1
Ialslsatar Belakang ............. Al M. il ..o nuennsennee e B e e nae g 1

1 @"RolRus Penelitian........ ¢ .« e oo S O - - o eeeseesuenssensessae Bheesaagpnesssenses s 2
1.3 Réfinuan Masalah ... Ml S — . e 3
1.4 TujyariPehelitian... . W_—e"__ "W " ... %% .. . Ff. J 4
1.5 Manfaat Penelitian ...........cccooviiiiiiiiniic e 4
BAB II TINJAUAN PUSTAKA ...t 5
2.1 Mesin Motor Pembakaran Dalam ............cccoooviiiiiiiiiiie e 5
PIORDi Y  Tr S SRTT  SR a coe_ S 6
2.3 JeniS DYRAMOMELET ........ccuiviiiiiiiiiiiiiii ittt 7
2.3.1 Eddy Current DYNAmMOMELEr ...............oeciiieeiiiiiiiieiiieniseseesne e 7
2.3.2 Chassis DYRAMOMELEF ..............cccouicviiiiiiiiiiiiieiisee s 7
2.3.3 Friction DYNAmOMELEr ............ccccvuivoiiiiiiiiiieiii i 9
2.3.4 Fan Brake Dynamometer .............c.ccocouviiviiieeiiiiieenesiee s 10
2.3.5 Water Brake DYNAMOMELEF ..............coeuuiiiiiieeiieieieenesee e 11

viii



2.4 Komponen Utama Dynamometer Test Tipe Water Brake ............................ 11

2.5 Prinsip Kerja Dynamometer Test Tipe Water Brake ............c.cccocoevcnancen. 12
B R L0 ) E TP P RPN PRRPPRURN 13
2.7 HOFSEDOWEE ..ottt ettt et et e e e ane 14
2.8 FIUIAQ ..o 15
2.8.1 Sifat-sifat Fluida........cccoooviiiiiiiii e 15
2.8.2 Klasifikasi Aliran Fluida ..........ccocoiiiiiiieiiiiice 19
2.8.3 TIPE ALITAN...ccviiiiiiiiiiiiec e 20
2.9 Computer Aided Design (CAD) ......cccccoeviiiiiiiiiiiiic e 21
2.10 Computational Fluid Dynamic (CFD) ........ccccociiiiiiiniiiiiiieciec 22
2.11 Produk Yang Dikembangkan............ccccoceiiiiiiiiniiiiiieiic e 23
BAB III METODOLOGI PENELITIAN ........cccooiiiiiii 24
3.1 Tempat dan Waktu Penelitian..........ccccocvveiiiieiiiiniiiin i 24
3.2 Metode Pengembangan Produki............cccoeiiiiiiiiiiiiiiic e 24
3.3 Peralatan yang Digunakan............ccccooieiiiiiiiiiiiiieesee e 25
3.4 Rancangan Metode Pengembangan ............cccoceiiieiiiniicniciiiese e 26
3.4.1 Analisis Kebutuhan ...........ccccooieiiiiiniieiicc e 27
3.4.2 Sasaran Produk............ocooriiiiii 27
3.4.3 Rancangan Produk ..........ccccooiiiiiiiii e 28
O TnStrumen .........coccooeee o Nl § . 30
3.6 Teknik Pengumpulan Data ............ccoovveiiiiiiiiiie 30
3.7 Teknik Analisis Data v.....tie il it e sl see e eses 31
BAB IV PEMBAHASAN ..ot 33
4.1 PreproCesSiNg ........c.ccocvuieiiuiiiiiie ittt 33
4.1.1 Desain Dynamometer Test Water Brake.................ccccccoccvviiiiiciiinnnnn 33
A4]1® Pemfibugtan Geometri. ™. M. I, ...t 34
4.1.3 Pembuatan MesAing ..........ccccceeviiiiiiiiiii e 35
4.1.4 Mendefinisikan Boundary Condition..................ccccoovvvviniiiiieninnnnnns 37
B2 SOIVEF . 41
4.2.1 S0lution Methods............c..ccocuiiiiiiiiiiiiiiiiiiii e 42
4.2.2 Solution CONLIOL ..........ccccoueiiiiiiiiiiiiieie e 42
A4.2.3 INGHALIZATION ...t 43
4.2.4 Run CalCULQLION ........cceeieiiiiiiiiiiieeeee e 43

1X



4.3 POSE-PFOCESSING ...ttt 44

4.3.1 Hasil Analisis TEKANAN ....ceeuveeeee et eeeaaeeeens 44
4.3.2 Hasil Analisis VeloCity.........ccccuvviiiiiiiiiiiiiiie e s 53
3.4.3 Hasil AnaliSiS TUFDUICHICE ............uuveeiiiiiiiiiiiiiii et n e e 57
BAB V KESIMPULAN DAN SARAN ..ottt e e st s s e eereeens 65
5.1 KeSIMPUIAN ...vviiiiiiiiiic e 65
I AN o) e S 66
DAFTAR PUSTALKA . ...ttt ettt e e e e e e 67
| YN 0 0 20N\ TR 70



Gambar 2.
Gambar 2.
Gambar 2.
Gambar 2.
Gambar 2.
Gambar 2.
Gambar 2.
Gambar 2.
Gambar 2.
Gambar 2.
Gambar 3.
Gambar 3.
Gambar 3.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.

DAFTAR GAMBAR

1 Siklus Motor Bensin Empat Langkah............cccccooiniiiiiiiiininn 5
2 Eddy Current DYRAMOMELEF ...........c..ccuoouiiveiriiiiiieiisie e 7
3 Axle DYRAMOMELET .......cuuueviiiiiiiiiiiiii s 8
4 On-wheel Dynamometer ...........cccoiiiiiiiniiesiieenniee e 8
5 Prony Brake Dynamometer................ccccoueiiiiveiiianiiieeniensseeseanens 9
6 Rope Brake Dynamometer ..............ccccocoeuviiiieiiiiiiciicsieesensneens 10
7 Fan Brake Dynamometer ..............cccucveuiiiiiiiiiesiiiiessieessies e 10
8 Water Brake Dynamometer ...........c..ccoouvvvceiiiieiiiiisiiiiesisiesssiies i 11
9 Pemodelan CAD Dynamometer Test Tipe Water Brake.................. 21
10 Dynamometer Test Tipe Water Brake Pada CFD..............c........... 22
1 L0gO SOlIAWOTKS ........ccoiiviiiiiiiiiiiiiciis i 25
2 Logo Ansys 2023 R2......ccocciiiiiiiisiinnnii st e 26
3 Flowchart Rancangan Produk ..o 28
1 Dynamometer Test Water Brake ................c.cccoovviiiniiiiiiiinnnnnnn 33
2 Edit Geometri dengan SpaceClaim..............cccocucvivviiiiiiiiiciinnnn, 34
3 Group Selection Pada SpaceClaim ..................ccccooeviiiiiiininnnn. 35
4 Pembuatan MeSAINgG .........cccocvueioiiiiiiiieie e 35
6 Pengaturan Boundary CORdition...............cccccoeeviviiiiieiniiinnieennnn, 37
7 Pengaturan Model Turbulen ...........c.ccooeiiiiiiee 38
$PSnentuan Matcaier= e ... 5. W............. 7 .. 39
9 Penentuan Kecepatan Putaran..............cociviiiiiiiniiiniine 39
10 Pchgaican n/8r ..o oo 7 R W F F 40
11 Pengaturan QUElet.............ccoooveiieiiiiiieieeeee e 41
12 Solution Methods .............cccccoioiiiiiiiiiiiiiiesiie e 42
13 Solution COntrol..............ccccooeeiiiiiiiiiiiiieiic e 42
14 Solution Initialization ...............c...cccooveioiiiiiiiiiiniee e 43
15 Run Calcul@tion ...............cccocovoiiiiiiiiiiiiiiie e 43

Gambar 4. 16 (a) Grafik Nilai Minimum Static Pressure (b) Grafik Nilai Maximum

SEATIC PFOSSUF@... oottt e ettt ettt et e e et e e e et et e e et e e e et et eeesebeas 47

Gambar 4.

17 Pathline StAtic PreSSUFE........cuuu et eianeaees 48

X1



Gambar 4. 18 (a) Grafik Nilai Minimum 7otal Pressure (b) Grafik Nilai Maximum

TOUAL PFEOSSUFE ...ttt ettt ettt b ettt nne e 51
Gambar 4. 19 Pathline Total PreSSUFe............cccocoueiiiiiieeiiiiieeie e 52
Gambar 4. 20 Grafik Nilai VeloCity .........cccocvviiiiiiiiiiii e 55
Gambar 4. 21 Pathline VelOCity ...........c.ccccovciiiiiiiiiiiieiii s 56
Gambar 4. 22 (a) Grafik Nilai Minimum Turbulent Kinetic Energy (b) Grafik Nilai
Maksimum Turbulent Kinetic ENergy .........ccocuuviiiiiiiiiies i 59
Gambar 4. 23 Pathline Turbulent Kinetic ENergy .......c...cccccuvveviiiiceiniinnsinnsnnnns 60
Gambar 4. 24 (a) Grafik Nilai Minimum Turbulent Intensity (b) Grafik Nilai
Maksimum Turbulent INEENSTLY .........c.cccuviiiieeiiiiieeeee e 63
Gambar 4. 25 Pathline Turbulent INtENSILY ..........ccccoeiveeiiiiiiiiiiiiiee e 64

Xii



Tabel 3.
Tabel 4.
Tabel 4.
Tabel 4.
Tabel 4.
Tabel 4.
Tabel 4.
Tabel 4.
Tabel 4.
Tabel 4.
Tabel 4.
Tabel 4.

DAFTAR TABEL

1 Spesifikasi Acer Nitro ANST5-58 ......ccooviiiiiiiiiiiie e 25
1 INfrOMAST MESA ..o 37
2 Counturs Tekanan Statis ........cccceveiiieniiiiie e 45
3 Nilai StatiC PreSSUIe. .......uiiiiiiiiiiiieiiee et 47
4 Countur Tekanan Total..........ccoccueiiiiiiiniiiiie e 49
5 Nilai 701A] PrESSUTE ........eoecueeiiieieeseeeiee e 51
6 Kontur Kecepatan ...........oooiiiiiiiiiiiiiiii i 53
T NILAL VRIOCTLY ... e 55
8 Counturs Turbulent Kinetic ENErgY ..........cccoveioiiiieiiiiiieieisieeneene 57
9 Nilai Turbulent Kinetic ENETgY .........cccoccuoiiieesiiiiieieeieesee e 59
10 Counturs Turbulent INTENSILY ........c..coouiieeiieiiieeiie e 61
11 Nilai Turbulent INtEnSILY .........cccooviiiiiiieiiiiiii i 63

xiil



DAFTAR LAMPIRAN

Lampiran 1 Desain Dynamometer Test Water Brake .......................

Lampiran 2 Nilai Keluaran Fluida Dynamometer Test Water Brake

Xiv



