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1. Introduction

The Moving Particle Semi-implicit (MPS) is one of the efficient meshless numerical methods that has been
successfully used to analyze various engineering problems. In this method, the approximation of the
derivatives of the function is performed based on a weighted averaging by interpolation functions. Despite its
inherent capabilities, this method has serious shortcomings, especially in terms of accuracy. Many efforts have
been made to improve the accuracy of this method. In this study, the accuracy of one of the most efficient MPS
models (Model 1 in this study) is compared with a meshless method based on the least squares technique and
Taylor expansion (Model 2 in this study) for solving elliptic differential equations. Numerical results show that
numerical Model 2 produces much better results and under these conditions, it can be expected that this
numerical model can be successfully used to solve many engineering problems.

2. Methodology

Numerical model 1 is actually an improved form of the standard MPS method, in which a corrective matrix
is considered in its formulation based on a special mathematical technique. Also, in this method, instead of
interpolation functions, MLS (Moving Least Squares) functions are used. In numerical model 2, Taylor
expansion up to the second order is considered to approximate an arbitrary function. The difference between
the approximated and exact value of the function, which is weighted by interpolation functions, determines the
error value for each computational node. By applying the least squares method, the sum of the errors of the
computational nodes can be minimized and in this way the derivatives of the function can be approximated. By
approximating the second-order derivatives with the presented numerical methods, the elliptic differential
equations of this research can be solved and their accuracy can be compared.

3. Results and discussion

In this study, three elliptic differential equations and three two-dimensional potential flows are
investigated, and only the numerical errors of the numerical models for an elliptic differential equation and a
potential flow representing the vortex flow are presented in the extended abstract section. The computational
domain is discretized with a number of scattered nodes. These nodes are first uniformly distributed with a
certain distance (Lo) and then the nodes are randomly moved with a maximum distance 0.3Lo, which leads to a
non-uniform distribution. The computational domain of both problems is a square, but for the vortex flow, a
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circle with a certain radius is eliminated from this square to avoid the singularity condition at the center of the
square.

Fig. 1 shows the average percentage of errors of computational nodes (Er) for the elliptic differential
equation (given at the top of the figure). As is clear, numerical model 2 provides much better results than
numerical model 1. In Fig. 2, the performance of the numerical models of this study for the differential equation
of the vortex flow (given at the top of the figure) is compared, which shows the higher accuracy of numerical
model 2. From the presented results, it can be seen that the model based on Taylor expansion has much greater
numerical capability than the improved MPS numerical model. It should be noted that numerical model 2
requires less computational time to solve the test problems, which completes the superiority of this model over
the improved MPS model.
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Fig. 1. Numerical errors the elliptic differential equation
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Fig. 2. Numerical errors the vortex flow
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4. Conclusions

Much research has been accomplished to improve the MPS method as a meshless numerical method. In this
study, the accuracy of one of the most efficient proposed models of the MPS method (Model 1) was compared
with a meshless numerical method based on Taylor expansion and least squares (Model 2) in solving second-
order differential equations, including potential flows. The results clearly indicate the higher accuracy and
lower computational cost of Model 2. In this numerical model, all desired derivative orders can be calculated
simultaneously and many engineering problems that are in the form of differential equations including first
and second-order derivatives can be easily solved. However, this numerical model should also be examined for
more complex problems such as fluid flow, especially in the Lagrangian frame, and possible shortcomings
should be identified and overcome. For example, in complex flow problems where fluid particles may be
dispersed, big errors may occur in the inversion of the matrix required to approximate the derivatives of the
function. It seems that this method does not have serious problems in solid mechanics problems where
computational nodes do not move much. The same conditions are also true for fluid mechanics problems in the
Eulerian frame.
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