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ABSTRAK

ANALISIS PENGARUH VARIASI PERUBAHAN PENAMPANG DAN
BELOKAN PIPA TERHADAP MINOR LOSSES
PADA SIMULATOR RUGI ALIRAN

Fachri Afzaal Mufid
(2026: xvi + 76 Halaman, 31 Gambar, 10 Tabel, 13 Lampiran)

Penelitian ini bertujuan menganalisis pengaruh variasi perubahan penampang dan
belokan pipa terhadap minor losses pada sistem perpipaan menggunakan Simulator
Rugi Aliran. Evaluasi dilakukan melalui komparasi tiga metode: pengujian
eksperimental, perhitungan teoritis analitik, dan simulasi numerik berbasis
Computational Fluid Dynamics (CFD). Komponen uji mencakup belokan 90°,
belokan 45°, Long Elbow 90°, Reducer (pembesaran penampang), percabangan Y
(Y-Branch), Gate Valve, dan Ball Valve. Hasil penelitian menunjukkan bahwa
komponen katup menghasilkan minor loss tertinggi (di atas 0,140 m) akibat
hambatan mekanis internal. Sebaliknya, Long Elbow dan Reducer menghasilkan
kerugian energi terendah karena karakteristik aliran yang lebih stabil. Tingginya
disipasi energi pada komponen sangat dipengaruhi oleh fenomena hidrolis seperti
pemisahan aliran (flow separation) pada belokan tajam, pemulihan tekanan
(pressure recovery) pada transisi penampang, dan pusaran resirkulasi area buntu
(dead-leg recirculation) pada percabangan. Analisis komparatif membuktikan
bahwa pengujian eksperimental memiliki tingkat kesesuaian yang sangat baik
terhadap perhitungan teoritis, sehingga memvalidasi akurasi simulator yang
digunakan. Simulasi CFD juga terbukti andal dalam memvisualisasikan profil
aliran secara konsisten, meskipun terdapat deviasi nilai akibat batasan
penyederhanaan model geometri 3D. Kesimpulannya, transisi geometri dan
kekasaran internal komponen sangat krusial dalam menentukan besaran kerugian
tinggi tekan pada instalasi perpipaan.

Kata Kunci: Minor Losses, Simulator Rugi Aliran, Computational Fluid
Dynamics, Perubahan Penampang, Belokan Pipa.
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ABSTRACT

ANALYSIS OF THE EFFECTS OF CROSS-SECTIONAL
VARIATIONS AND PIPE BENDS ON MINOR LOSSES
USING A FLUID FRICTION APPARATUS

Fachri Afzaal Mufid
(2026: xvi + 76 pp., 31 Figures, 10 Tables, 13 Attachments)

This study aims to analyze the effect of cross-sectional variations and pipe bends
on minor losses in a piping system using a Fluid Friction Apparatus. The evaluation
was conducted by comparing three methods: experimental testing, theoretical
analytical calculations, and numerical simulations based on Computational Fluid
Dynamics (CFD). The tested components included 90° bends, 45° bends, 90°
Smooth Elbows, Reducers (enlargement), Y-Branches, Gate Valves, and Ball
Valves. The results showed that valve components generated the highest minor
losses (exceeding 0.140 m) due to internal mechanical resistance. Conversely,
Smooth Elbows and Reducers produced the lowest energy losses owing to more
stable flow characteristics. The high energy dissipation in the components is
strongly influenced by hydraulic phenomena such as flow separation in sharp
bends, pressure recovery in cross-sectional transitions, and dead-leg recirculation
in branches. Comparative analysis proved that the experimental testing has
excellent agreement with theoretical calculations, validating the accuracy of the
apparatus. CFD simulation also proved reliable in visualizing flow profiles
consistently, despite having value deviations caused by the limitation of 3D
geometry simplification. In conclusion, component geometric transitions and
internal roughness are crucial in determining the magnitude of head loss in a piping
installation.

Keywords : Minor Losses, Fluid Friction Apparatus, Computational Fluid
Dynamics, Cross-sectional Variations, Pipe Bends.
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DAFTAR NOTASI DAN SINGKATAN

Notasi:

A = Luas penampang dalam pipa (m?)

D = Diameter dalam pipa (m)

f = Faktor gesek pipa (Darcy friction factor)
g = Percepatan gravitasi (m/s?)

H = Total head loss (m)

Hf = Kerugian energi mayor (major loss) (m)
Hm = Kerugian energi minor (minor loss) (m)

= Koefisien kehilangan energi minor

L = Panjang pipa (m)

m = Laju massa fluida (kg/s)

0 = Debit aliran (m?/s)

Re = Bilangan Reynolds

14 = Kecepatan aliran rata-rata fluida (m/s)
P = Massa jenis fluida (kg/m?)

M = Viskositas dinamik fluida

Singkatan:

CFD = Computational Fluid Dynamics
PVC = Polyvinyl Chloride
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