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An Initial Distribution Optimization Algorithm for Complex Boundaries

Based on Numerical Integration for Particle Method

LIU Qixin, SUN Zhongguo, DUAN Zhuang, XI Guang

(School of Energy and Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: To improve the quality of the spatial distribution of the initial field computational
points in the particle method, including the isotropic distribution of inner particles within the
computational domain as well as the fitting of the computational points near the boundaries of the
computational domain to the theoretical boundaries, a method to optimize the initial distribution
of computational points (namely particles) is proposed. The boundary meshes is applied to control the
profiles of the computational domain. Additionally, the particle shifting model is applied to drive
the particles to move spontaneously to form uniform isotropic distribution. In order to couple the
mesh information with the particle shifting model used by the particle method., the numerical
integration algorithm based on the boundary meshes is introduced into the particle shifting model.
The validation cases include a two-dimensional ellipse, a two-dimensional rotor pump, a three-
dimensional complex cavity, and a three-dimensional sphere. The results showed that by the
proposed initial distribution optimization method, the uniform isotropic distribution of particles in
the fluid domain can be ensured, the deviation of boundary particles from the theoretical boundary

can be reduced, and the noise of the number density of boundary particles can be lowered. In the
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droplet simulation, the roundness error after the initial distribution optimization reduces by

78. 6% compared to the traditional initial distribution.

Keywords: particle methods; boundary meshes; numerical integration; rearrangement of particles;
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Fig. 1 Schematic diagram of fluid particle-wall meshes
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Fig. 2 The particle number density of the computational

domain using three types of boundary meshes
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Fig. 3 The information of the elliptic meshes

[ TTTT T ]
21 23 25 27 29
BT R

®0000000000

0000000000000
0000000000
0000000000000
00000000000 0000
00000000000 0000

0000000000000
0000000000000
0000000000000

() FEFE SR T 03 A1
[ [T 1]

21 23 25 27 29
Ry 5

(b) KL T 4 J5 1 2% In] [ P 33 59 43 A
P4 I TR T 3 s 40 A 0 A AR
Fig. 4 The process of the reconstruction of the particle

distribution within the elliptic region
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Fig. 5 The deviations between the surface particles and
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construction in the elliptic domain
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and after the reconstruction in elliptic domain
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particle distribution and reconstituted initial particle
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