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ABSTRAK

Analisis aliran fluida pada pipa merupakan aspek penting dalam perancangan
dan optimasi sistem perpipaan, khususnya pada pipa High Density Polyethylene
(HDPE) yang banyak digunakan karena sifatnya yang fleksibel, ringan, dan
memiliki kekasaran permukaan rendah. Penelitian ini bertujuan untuk menganalisis
karakteristik aliran fluida pada pipa HDPE dengan pendekatan dynamic similarity
melalui simulasi numerik berbasis Computational Fluid Dynamics (CFD).
Pendekatan ini digunakan untuk menjaga kesetaraan parameter nondimensional,
terutama bilangan Reynolds, sehingga model berskala mampu merepresentasikan
kondisi prototipe secara akurat. Simulasi dilakukan menggunakan ANSYS Fluent
2023 R2 dengan variasi kecepatan inlet 0,5 m/s, 1 m/s, 2 m/s, dan 3 m/s, serta
penggunaan tiga model turbulen meliputi k-¢, k-, dan Reynolds Stress Model
(RSM). Proses penelitian meliputi pemodelan geometri, pembuatan mesh, grid
independence test, serta analisis kontur distribusi kecepatan dan tekanan, sementara
validasi dilakukan dengan membandingkan hasil simulasi terhadap profil teoritis
power-law. Hasil penelitian menunjukkan bahwa RSM memberikan akurasi terbaik
dengan RMSE sebesar 1,7%, diikuti k-¢ sebesar 3,0% dan k-w sebesar 3,6%.
Peningkatan kecepatan inlet menghasilkan intensitas turbulensi yang lebih tinggi
serta peningkatan pressure drop sepanjang pipa. Pendekatan dynamic similarity
terbukti efektif dalam meningkatkan efisiensi analisis dengan kesalahan prediksi
aliran kurang dari 5%, sehingga metode ini layak digunakan untuk desain serta
evaluasi sistem perpipaan HDPE di berbagai aplikasi industri.

Kata kunci: Pipa HDPE, CFD, Dynamic Similarity, Turbulensi, Reynolds Stress
Model.



ABSTRACT

Fluid flow analysis in pipes is an important aspect in the design and optimization of piping
systems, especially in High Density Polyethylene (HDPE) pipes, which are widely used due to
their flexibility, light weight, and low surface roughness. This study aims to analyze the
characteristics of fluid flow in HDPE pipes using a dynamic similarity approach through
Computational Fluid Dynamics (CFD)-based numerical simulation. This approach is used to
maintain the equivalence of nondimensional parameters, especially the Reynolds number, so that
the scaled model can accurately represent the prototype conditions. The simulation was performed
using ANSYS Fluent 2023 R2 with inlet velocity variations of 0.5 m/s, 1 m/s, 2 m/s, and 3 m/s, and
the use of three turbulent models, including k-, k-w, and Reynolds Stress Model (RSM). The
research process included geometry modeling, mesh creation, grid independence testing, and
analysis of velocity and pressure distribution contours, while validation was performed by
comparing the simulation results with the theoretical power-law profile. The results showed that
RSM provided the best accuracy with an RMSE of 1.7%, followed by k-¢ at 3.0% and k-0 at 3.6%.
Increased inlet velocity resulted in higher turbulence intensity and increased pressure drop along
the pipe. The dynamic similarity approach proved effective in improving analysis efficiency with

Sflow prediction errors of less than 5%, making this method suitable for the design and evaluation

of HDPE piping systems in various industrial applications.

Keywords: HDPE pipe, CFD, Dynamic Similarity, Turbulence, Reynolds Stress Model.
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