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Abstract

The meshless nature of Smooth Particle Dynamics (SPH) method eliminates the need for mesh par-
titioning and has potential advantages in handling complex geometric boundaries. However, tradi-
tional SPH is limited by the lack of high-order consistency in spatial differentiation and cannot
achieve high-precision solutions. This article is based on the local Taylor expansion of SPH particles,
and solves the SPH differential operator algorithm that satisfies high-order consistency through the
neighborhood particle space matrix. The algorithm has been proven to have 2nd, 3rd, and 4th order
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consistency in differentiation in any particle distribution through one-dimensional and two-dimen-
sional functions. Subsequently, the accuracy and stability of the algorithm for solving spatial oper-
ators were demonstrated based on partial differential equations such as the heat conduction equa-
tion, Burgers equation, and Navier Stokes equation. The SPH algorithm based on local Taylor expan-
sion provides a feasible method for high-precision numerical solutions in complex geometric do-
mains.
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Figure 1. Particle distribution map in two-dimensional domain

Bl 1 Z4EmmRT o mE

3. HBIBIES R

®)

TR A2 B RN e 7 T R o R BRI 20 D7 RE O A P, JEE U AR IR A /0 I h/H A2

MR PR 22 S DU RS T [ 2, 3, 4 Br— Bl

3.1, —4HER¥E
H e xe[-H, HIFMRIE, H=1. & U EON 1E5% R 3L
y =sin2zx (6)
H—SHBoE T
y =27 C0S 27X (7
o BN REIN BT, OB EUERE, W 2 FoR:
Figure 2. Trigonometric function images
B2 =Z/REHESR
DOI: 10.12677/mos.2024.135499 5516 RS R


https://doi.org/10.12677/mos.2024.135499

O REE —Fr, =B AP a1 3 Fra, o i 2 dRosont USSR B R T R 3.
45 R R HER ISR A B HURRCR . ERERAE T L, BB, BB SRR SN
HARWSIUE R

100 4 k
- k
- k

o
S~ W N

10—1 4

1072 5
g 10—3 .
4107 4
1075 4
1076 .

1077 .

2x1073 3x1073 4x1073 6x1073 102
h/H

Figure 3. Convergence order of trigonometric functions
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Figure 4. Introducing artificial viscosity and Burgers equation images
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Figure 5. Burgers equation convergence order
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Figure 6. Thermal convection equation images
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Figure 7. Convergence order of heat convection equation
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Figure 9. Convergence orders of Bruce Greenark equation
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Figure 11. Convergence orders of paraboloid
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Figure 12. Temperature distribution
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Figure 13. Convergence orders of heat conduction equation
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Figure 16. Convergence orders of heat Navier-Stokes equation
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