Print ISSN: 2322-2069
Online ISSN: 2322-2794

Journal of Water and Soil Conservation

L

(OPEN ACCESS)

Simulation of an incompressible fluid over a porous media
by using SPH method

Habibeh Sheybanifard'®), Amir Ahmad Dehghani ?"’, Meysam Salarijazi*",
Rasoul Memarzadeh*"), Mohammad Abdolhosseini®

1. Ph.D. Student of Water Engineering, Gorgan University of Agricultural Sciences and Natural Resources, Gorgan, Iran.
E-mail: sheybani_h@gau.ac.ir

2. Corresponding Author, Professor, Dept. of Water Engineering, Gorgan University of Agricultural Sciences and Natural
Resources, Gorgan, Iran. E-mail: a.dehghani@gau.ac.ir

3. Associate Prof., Dept. of Water Engineering, Gorgan University of Agricultural Sciences and Natural Resources, Gorgan, lIran.
E-mail: meysam.salarijazi@gau.ac.ir

4. Assistant Prof., Dept. of Civil Engineering, Vali-e-Asr University of Rafsanjan, Rafsanjan, Iran. E-mail: r.memarzadeh@vru.ac.ir

5. Assistant Prof., Dept. of Water Engineering, Gorgan University of Agricultural Sciences and Natural Resources, Gorgan, Iran.

E-mail: abdolhosseini@gau.ac.ir

Article Info

ABSTRACT

Avrticle type:
Research Full Paper

Article history:

Received: 11.27.2023
Revised: 01.10.2024
Accepted: 02.10.2024

Keywords:

Free-surface flows,
Incompressible Smoothed
Particle Hydrodynamics
method (SPH),
Numerical modeling,
Porous media

Background and Objectives: Simultaneous simulation of surface and
subsurface flow over a bed is a prerequisite for modeling pollutant
transport in water resources and is considered one of the most challenging
and important tasks in protecting soil and water resources. Typically, the
Navier—Stokes equations, along with a coupling method, are employed to
simulate this process. However, due to the inherent complexity of defining
the interface between water and porous media, a common strategy involves
modeling fluid flow within the fluid zone separately. The results of this
fluid-zone simulation are then used as essential boundary conditions for
simulating flow within the porous medium. In this study, the smoothed
particle hydrodynamics (SPH) method, a meshless approach, is utilized to
address these challenges.

Materials and Methods: This article aims to improve flow modeling in
both environments by proposing a modified Navier-Stokes equation with
additional terms customized for each specific setting, namely the fluid and
porous media. The equations were discretized using the SPH method with a
semi-implicit scheme. The volume fraction of each particle was calculated
during the initial and prediction steps, and the difference between volume
fraction values was used to compute all variables at the current time step.
To validate the model, two-dimensional flow in a cylinder and flow
through a porous medium were simulated, and the results were validated
against theoretical solutions.

Results: Comparison of the estimated free-surface fluid level in the
cylinder obtained using the SPH method with theoretical results showed
that the standard deviation of the ratio of calculated values to observations
was 0.015 for the free-surface level and 0.18 for pressure. Additionally,
the average ratio of calculated values to observations was 1.04 for the
free-surface level and 1.20 for pressure. To model surface and subsurface
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flow in a tube containing both fluid and porous media, the Navier—Stokes
equations were solved using the SPH method.

Conclusion: Simultaneous modeling of flow in both environments reduces
errors introduced by multi-step modeling approaches, particularly in
cases involving complex geometries where accurate interface definition
is challenging. In this study, an additional comparison was conducted
between two virtual particle placement modes: fixed and moving positions.
Evaluation of flow velocity showed that the accuracy of calculating the
vertical velocity component at the interface was nearly identical in both
cases. However, for the horizontal velocity component, the moving virtual
particle approach exhibited a standard deviation of the ratio of calculated
values to observations closer to zero by approximately 0.2 compared to the
fixed virtual particle approach.
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Figure 13. Horizontal velocity vectors at interface, at time steps=9150 (dynamic virtual particles).
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