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Fig. 2. Scheme and geometry of the experimental model of the
sliding body motion in water [19].
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SPH Type WCSPH
Kernel Function Wendland
Time-stepping algorithm Predictor-Corrector

Density Filter MLS
Equation of State Tait's equation
dx 0.0lm
dt 0.0001 sec
Simulation Time 4 sec

Table 1. SPH model parameters for water level variation
modelling.
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Fig. 4. Water level variations modeling results in T=2.235 sec
for (a) Fibonacci and (b) Hexagonal initial particle
distributions.
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bl Ol o 515 (sl eal s 4l 4 aalsl 5
8 Lo (V) IS8 QB s sl om0 Al Sl S
g o atls y T=1.8sec Sl

C)L;JP- DL 4>:J§‘ gc\aou il bl DL CA.GJM' Ca-@-?'
slasls Ry CAM\JSSA..»(:)'\J Dy o 0ded 5 e sls

el i g8 (gode Je Lgu@)'}? Rl s e

3ol e 515 i gl (ARLST Jas Sl ol s 0 S
[22] T=18 sec Sl (’K

Fig. 5. Water level variations experimental model results in
T=1.8 sec [22].
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Type T=03S T=09S T=12S T=15S T=18S T=24S MeanError (%) RMSE (%)
SC 13.097 18.762 14.842 15.226 16.895 20.724 16.591 16.758
Triangular 14.513 16.850 19.640 20.952 17.468 25.533 19.159 19.433
WVT 12.499 10.772 13.617 15.132 15.571 16.603 14.032 14.151
Greedy 15.241 13.850 12.910 15.553 13.472 16.758 14.631 14.683
Hexagonal 8.912 8.056 10.545 10.900 10.589 12.465 10.244 10.329
Fibonacci 9.514 8.922 10.752 10.424 12.379 14.641 11.106 11.246

Table 2 Evaluation of the results of the SPH modeling of the water level variations (ME & RMSE).
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Fig. 9. Error evaluation for water level variations by SPH
modeling of different initial particle distributions in different
time steps.
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Abstract

The initial position of particles plays an important role in reducing numerical errors and its efficiency in all
meshless numerical methods in which scattered nodes are employed for the definition of the approximate
solution function. The Smoothed Particle Hydrodynamics (SPH) method is one of the interesting and powerful
numerical methods in simulating fluid motion. The accuracy of this method which uses distributed nodes for
different purposes is significantly affected by the distribution of points. Indeed, there is numerous research in
which the effects of the distributions of the points are studied for some special types of meshless methods, but
few concern the initial distributions. In all meshless methods, the initial distribution of particles or nodes can
affect both the accuracy and the rate of convergence.

In this research, considering water level variations modeling, and using previous modeling experiences with
the SPH method using SPHyscics numerical model, six common particle distributions including SC square
distribution, Triangular distribution, distribution based on WVT algorithm, distribution based on Greedy
algorithm, hexagonal distribution, and distribution based on Fibonacci algorithm have been investigated.
Square distribution (Simple Cubic) is mainly used in various research. In this distribution, the distance of all
particles is equal. In triangular distribution (Body-Centered Cubic) the particles are located at the vertices of
an equilateral triangle. The WVT method based on the Voronoi diagram divide the space into a certain number
of areas. Based on this method, a region is assigned to each set of points in the Voronoi diagram, called Voronoi
cells.

The distribution based on the greedy algorithm is mainly used to solve optimization problems. In this
algorithm, reaching the goal in each step is independent of the previous and next steps, in such a way that the
best choice is made in each step to reach the final goal, independent of the choices and results of the previous
steps. Hexagonal distribution is based on dividing the surface into regular hexagons. Distribution of the
Fibonacci algorithm is defined based on the Fibonacci sequence and the geometric expression of the Fibonacci
spiral. Different hydraulic parameters were evaluated using all initial particle distributions. Based on the results
of the pressure, velocity, and free surface level at different time steps in comparison with those of the physical
model, the adopted error criteria for each of the models have been computed for all distributions.

For evaluation of the solutions, RMSE and MAE of the results are evaluated. According to the error criteria,
it was determined that the two hexagonal and Fibonacci particle distributions have the lowest average error
(10.2% and 11.1%, respectively). In addition, the WVT model has a lower modeling error (about 14%) than
the remaining three models, i.e., square, triangular, and Greedy distributions.

Therefore, since in this phenomenon, the two initial distributions of hexagonal and Fibonacci particles have
less modeling error than other distributions, it is recommended to use these distributions in modeling the water
level variation phenomenon using the SPH method. For other phenomena, similar studies may be performed
as well for the best distribution of the particles to be found.

Keywords: Meshfree methods, Smoothed Particle Hydrodynamics, Initial particle distribution, Water level
variation modeling, Initial conditions.
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